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ABSTRACT

To follow up the effects of feeding urea on rumen characteristics, rumen bacteria and some blood parameters in Shami goats, after 21 days
of feeding 1.5% urea with concentrated feed, rumen fluid was collected at different times O, 1, 2, 3 and 6 hours after morning feeding,
pH were measured, some of rumen fluid was used for bacterial count, while 0.1N HCL was added to other part and kept in deep freeze
for measuring rumen NH3-N and volatile fatty acids. Sixteen male Shami goats were distributed to T1 without urea and T2 1.5% urea.
Rations fed at 3% of body weight as DM basis and alfalfa hay was fed ad-libitum. After 90 days, Jugular blood was sampled. Results
showed no significant effects of feeding urea to Shami goats on blood parameters, while, rumen NH3-N decreased (p <0.05) for urea
treatment after 3h of feeding with increasing volatile fatty acids (VFA) and pH values(p <0.05) of rumen fluid at 3h and 6h after feeding.
Bacteria counts decreased at O, 3 and 6h after feeding at dilution 107 and 10° CFU/ml, due to ingestion large amounts of water with urea
treatment and increase rate of passage of bacteria and rumen contents to other parts of alimentary canal.
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INTRODUCTION

Goat as ruminant is an important domesticated animal
in agricultural sector due to its ability to withstand harsh
conditions, especially Shami goats which highly production
of meat and milk for human consumption, and to meet
the highly needs of crude protein sources, urea was used
as a source of non-protein nitrogen (NPN) that provides
ammonia which required to produce microbial protein as
true protein source for ruminants. The diamide carbonate,
carbamide or urea, is the end product of protein metabolic
catabolism for ureotelic animals like, terrestrial vertebrate
and sharks. Commercially, it appears as solid odorless white
crystals, contains 47% of nitrogen. In mammals bodies,
it is produced from toxic compound “ammonia” in the
liver by urea cycle to the blood and excreted as urine by
kidney or with perspiration or milk or saliva and recycled
in the rumen as source of non-protein nitrogen (NPN)

by rumen microorganisms. Blood urea enhanced flow of
water from all tissues into interstitial fluids and plasma
leads to decreasing pressure in those tissues and increasing
outflow of urine, that explain why ruminant drink much
water and excreted much urine when feed urea as source
of non-protein nitrogen. Rumen microorganisms break
down urea to ammonia and using it with volatile fatty acids
to form and hence microbial protein as true protein. In
low quality forages, urea increased crude fiber digestibility,
and crude protein content, that leads to increase intake and
feed efficiency. Holder et al. (2015) found greater plasma
ammonia concentration with increasing urea intake, and
greater hepatic uptake of ammonia (NH,) and increased
urea synthesis, that leads to increase blood urea (Law et al.,
2009). Puppel and Kuczynska (2016) refried to increase
blood urea with increasing dietary nitrogen, and 40-80%
of endogenously urea-N is returned to the gastrointestinal
tract (Lapierre and Lobley, 2001), therefore, because of urea
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can across cell membranes down a concentration gradient,
teeding low protein hay leads to entering blood urea pool
into the rumen and little excreted in urine (Abdoun et al.,
2010). In ruminants, urea breakdown to ammonia via a wide
range of ureolytic bacteria strains, which can produce urea
amidohydrolases, EC 3.5.1.5 (urease), Urease induced by the
presence of urea (Armbruster et al., 2014), while in non-
ruminants, releasing ammonia in later parts of small and large
intestine, leads to damage of mucosa, decrease absorption,
feed efficiency and growth of animal. Endogenous urea
(EU) form 75% of crude protein intake and 71% of EU
recycled internally (Batista et al., 2017). When feed large
amounts of urea, rumen ammonia increases and absorbed
into the blood as NH3 or NH4+, because the disability of
microflora to capture all ammonia to growth and produce
microbial protein, that’s may lead to ammonia toxicity when
liver can’t convert excessive ammonia to urea (non-toxic),
because of ammonia, rumen pH increase and increasing
more than 7.5 leads to promote urea poisoning, so, giving
acetic acid slow down the production of ammonia. Zhang
etal. (2016) showed that supplementation of urea increased
both pH and protozoa population after twenty-four hours
of feeding. Therefore, excess urea and ammonia circulated in
the blood, causing poisoning, for these reasons, the objective
of this study was to investigate the effects of moderate level
of urea (1.5%) on rumen fermentations, total number of
bacteria and some blood characteristic in Shami goats.

MATERIALS AND METHODS

Experimental animal and management

Sixteen Shami male goats aged 9-10 months penned
in individual cages 1.5X2m., animals were randomized
distributed to two levels of utea 0% (T1) and 1.5% (T2)
replaced with soya bean meal protein. All animals were
provided concentrate, alfalfa hay, clean water, vaccines and
kept continuous veterinary supervision all experimental
period. Concentrate feed offered at 7.00 AM at 3% of live
body weight as DM basis, while alfalfa hay offered ad-/ibitum
with remaining, After 21 days, rumen fluid was collected and
after 90 days of the experiment, blood samples were collected.

Blood sampling

Blood samples were collected from the jugular vein after
three months of experimental feeding by using a 10ml
syringe needle before morning feeding. All samples
analyzed in the laboratory by using Biosystem, design
BTS-300 Germany origin.

Estimation of blood parameters

liver function enzymes

A blood test was carried out for the experimental parameters
after blood was drawn from animals in a volume of 10ml
from the jugular vein, and the examination was done with
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Bio systems - BTS - 300, to monitor liver disorders, the
functions of the liver enzymes, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were examined.

Blood glucose

The level of blood glucose was measured using a ready-
made kit produced by the French company Spin react,
which is an enzymatic method in which glucose was
analyzed after it is oxidized enzymatically in the presence
of the enzyme glucose oxidase.

Blood urea
Estimation was carried out using ready kit from Randox
Company, using the enzymatic - colorimetric method.

In-vitro dry matter digestibility (IDIVID)

In-vitro dry matter digestibility IDMD) was implemented
by active sample of rumen fluid collected from slaughtered
Shami goat and incubated in water bath at 38°C following
Tilley and Terry (1963) procedure.

Rumen fluid

Rumen fluid samples were collected using oral stomach
tube, at different times after feeding, 0, 1, 2, 3, 6 h. The
pH values were directly measured with portable pH meter
(HANNA Instrument), then, some of rumen fluid used to
determine total bacterial count were kept at 4°C and 0.1N
HCI was added to another part of rumen fluid and kept
in deep freeze to determine the total volatile fatty acids
(TVFA) and ammonia nitrogen cementations (NH,-N).

pH values

The pH value of rumen fluid was measured immediately
after being withdrawn, using a portable pH meter from
HANNA Instrument, while pH value of feeds was
measured by weight 1g of feed then adding 10ml of
distilled water. After 10 minutes, filtering the sample with
a cheese cloth, and measure it with a portable pH meter
from HANNA Instrument (Tawfeeq and Hassan, 2014)

Rumen ammonia nitrogen

After thawing the frozen rumen fluid samples, withdrawing
5 ml of it into a Kjeldahl digestion tube, then adding 0.5¢
of magnesium oxide MgO and 0.5 ml of calcium chloride
at a concentration of 25% and 10 ml of distilled water, then
placed in the Kjeldahl apparatus. The resulting ammonia is
received with 5 ml of receiving solution consisting of 2%
boric acid and drops of the mixture (methyl red 0.099 ¢
and bromoctresol green 0.066 g dissolved in 100 ml ethyl
alcohol), then titrated with 0.05 HCL to calculate ammonia
concentration (mg/100ml rumen fluid):

Nitrogen Conc. (mg/100ml) = 14.008 X 0.05 X (titration
volume of HCL for sample — titration volume for blank)
X 100/5ml.
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Rumen volatile fatty acids

Volatile fatty acids were measured after thawing frozen
rumen fluid: Take 5ml rumen fluid into Kjeldahl digestion
tube, then adding 1ml orthophosphoric acid, washing the
tube with a little distilled water, receiving flask containing
drops of phenol dye (50ml of absolute ethanol + 1g of
phenolphthalein + 50ml of distilled water + drops of
NaOH 0.05M), collect 50ml, then titrate with sodium
hydroxide 0.1M (Warner, 1964). Concentrations of total
volatile fatty acids (mmol/100ml):

Total volatile fatty acids (mmol/100ml) = 0.1M X (titration

volume of NaOH sample — titration volume for blank) X
100/5ml.

Rumen total bacteria count

One ml of each sample was taken and 9 ml of physiological
salt solution was added and the dilutions were completed
in test tubes containing 9 ml of dilution solution to reach
the dilution that gives the appropriate numbers between
25-300 colonies of microorganisms. Then 1 ml of the
appropriate dilution for each of the samples was transferred
to empty Petri dishes using a sterile pipette, then the culture
media was poured out Chocolate Agar or Nutrient agar,
and after mixing the medium well into the dishes, it was
placed inside the anaerobic containers in an inverted form
with several anaerobic conditions (Gas pak) to make the
conditions anaerobic and then the dishes were incubated
at 37 °C for 48 hours. After development on each of the
media, the number of colonies was calculated for each of
them, as in (Roberts and Greenwood, 2003).

Chemical analyses

Ingredients and chemical composition of concentrated
feeds and alfalfa (Table 1.) as AOAC (2005).

Statistical analysis

All data were statistically analyzed using completely
randomized design, One-way ANOVA analysis was
performed using statistical program (SAS, 2012) and
Duncan’s multiple range test was used to determine
the significant differences (p<<0.05) among treatments
(Duncan, 1955) using following formula Yij =pu+ti +0ej.

RESULTS AND DISCUSSION

The effects of 1.5% urea on blood glucose, liver functions
enzymes and blood urea were examined in Shami goats
(Table 2.), blood samples were collected from the jugular
vein before morning feeding which represented 24 hours
after morning feeding. Results showed no effects of
feeding urea on blood parameters under studied, there
were insignificantly decreases for AST and ALT with urea
treatment, that’s mean no a destruction of hepatocytes
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Table 1: Ingredients and chemical composition of
concentrate feeds and alfalfa (% as DM basis)

Ingredients T1 T2 alfalfa

Soya bean meal 9.0 0.0

Urea 0.00 1.5

Barley 49.0 49.0

Wheat bran 30.00 37.50

Corn 10.0 10.0

Min. & Vit. 2.0 2.0

Total 100 100

Approximate analysis

Dry matter (DM) % 93.80 94.74 29.37
Organic matter (OM) % 93.26 94.21 93.71
Crude protein (CP) % 14.76 14.87 17.89
Ether extract (EE) % 6.14 5.62 2.33
Crude fiber (CF) % 8.32 7.68 23.11
Inorganic matter (ash) % 6.74 5.79 6.29
Nitrogen free extract (NFE) 64.04 66.04 50.38
*Metabolic energy (MJ/kg DM) 12.90 12.90 10.90

pH value 7.44 7.78 6.69
IDMD (%)** 78.58 83.51
*Metabolic energy (MJ/kg DM) = 0.012 x crude protein + 0.031 x ether
extract + 0.005xcrude fiber + 0.014xnitrogen free extract ( MAFF, 1975).

First experiment: T1 = 0% urea; T2 = 1.5 urea
** IDMD = In-vitro dry matter digestibility (Tilley and Terry, 1963).

Table 2: Effects of urea on some blood parameters in Shami
goats (Mean =+ standard error)

Treatments blood blood AST blood ALT blood urea
glucose (mg/dL) (mg/dL) (mg/dL)
(mg/dL)

T1 37.75+6.03 109.5+16.39 34.0+4.63 36.0+3.91

T2 40.25+2.32 74.5+8.96 25.5+0.95 44.5+2.90

Significance NS NS NS NS

T1 = without urea, T2 = with 1.5%urea. NS = non-significant differences

and better conditions for liver, skeletal muscle, kidney and
heart with urea intake, the same results for blood glucose
and blood urea, there were insignificant increases, +6.62
and +23.61 for glucose and urea, respectively.

Successful feeding of urea needs more attention for
few days adaptation period, good mixing of ingredients,
frequency of feeding, temperate climate, don’t exceed 2% in
the component of daily feed intake, efficient management
and continuous monitoring, in generally, make attention to
all previous steps leads to successful utilization of NPN
compounds. Our results agreed with Adiwinarti etal. (2018)
who referred to insignificant increase of goat’s blood urea
with increasing rumen degradability of protein, it was
48.lmg/ dL with soya bean meal at zero time in contrast
with 40.4mg/dL with fish meal and 34.4 mg/dl with
roughage or natural grass, Barbosa et al. (2012) referred
to same results and insignificant increase of blood urea
when fed urea to goats.

Hume et al. (1970) referred the best rumen ammonia
concentration about 8.8 mg/dL, while Satter and Slyter

865



Ibrahim, et al.

Table 3: Effects of urea on rumen characteristics in Shami goats (Meanzxstandard error)

Treatments Oh 1h 2h 3h 6h
Ammonia nitrogen (NH,-N) concentration (mg/dL)
T1 10.068+1.31 10.769+1.22 12.432+1.92 21.888a+3.07 14.008+2.60
T2 13.57+0.83 14.884+1.51 15.847+1.86 11.819b+1.10 13.921+£2.15
Significance NS NS NS * NS
Total volatile fatty acids (VFA) concentration (mg/dL)

T 0.6525+0.01 0.6575+0.01 1.025+0.01 0.7175b+0.01 0.5750b+0.01
T2 0.5800+0.01 0.9025+0.01 0.905+0.01 1.2700a+0.01 1.3225a+0.01
Significance NS NS NS * *

Ruminal pH
T1 6.92+0.06 5.97a+0.08 5.15+0.09 5.17b+0.07 5.20b+0.05
T2 6.85+0.12 5.05b+0.06 5.02+0.06 5.75a+0.05 5.73a+0.06
Significance NS * NS * *
Different litters in same column means significant differences; * Significant differences at level 0.05 T1 = without urea, T2 = with 1.5%urea.
Table 4: Effects of urea on total count of rumen bacteria in Shami goats at 10’ and 10° CFU/ml (Meanzstandard error)
Treatments Oh 1h 2h 3h 6h

107 CFU/ml
T 199.50a+6.84 236.50+14.72 256.50b+10.04 268.00a+6.32 272.00a+8.64
T2 176.75b+4.51 258.00+11.19 269.50a+10.27 209.25b11.34 215.75b+5.37
Significance * NS NS * *

10° CFU/ml
T 188.50a+7.32 227.50+13.27 239.00+6.85 245.50a+4.99 263.50a+4.57
T2 88.00b 19.93 239.00+11.09 232.00+7.34 123.00b21.00 137.50b+20.88
Significance * NS NS * *

Different litters in same column means significant differences; * Significant differences at level 0.05

T1 = without urea, T2 = with 1.5%urea.

(1974) found maximum microbial protein production
at a rumen ammonia level of 5mg/dL. and more than
140 mg/dL indicated ammonia toxicity (Lewis, 1960). The
effects of feeding 1.5% urea to Shami goats on rumen
characteristics showed in Table 3., ureolytic bactetia rapidly
hydrolyzed urea to ammonia, so, we found increased
ammonia nitrogen for urea treatment at 0 time, 1h. and 2h.,
which meaning increased the activity of rumen microflora
even with alfalfa hay, before morning concentrated feeding,
and after 1h. and 2h., despite non-significant increasing,
that is meaning hydrolysis urea 100% within about two
hours after feeding, so, we found decreased rumen
ammonia after 3h (p<<0.05) and 6h. for urea treatment
in contrast with soya bean meal treatment (T'1) which
degraded slowly in contrast with urea, and we found that
rumen ammonia concentrations more than 8.8mg/dl as
referred by Hume et al. (1970) and below the toxic level
(140mg/dL) as reported by Lewis (1960). Rumen VFA
increased (p<<0.05) after 3h. and 6h., which mean increase
microflora activity for degraded carbohydrate, without any
significant for 0, 1h and 2h. after feeding. However, total
VFAs in goat fed urea synchronized with ammonia, pH and
total bacteria count after 1h, and 2h., we found increasing
total bacteria count and low pH values which means
increasing VFAs production and increasing ammonia,
all these conditions referred to synchronization between
source of protein and energy to enhance the production
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of rumen microbial protein. Additionally, Xu et al. (2019)
and Li et al. (2020) agreed with our results and referred to
high ammonia concentration with increasing level of urea.
Wang et al. (2018) showed that urea-N could be detected
only by 1h. postincubation, after that, urea treatment leads
to decrease total count of bacteria, it’s may the deficiency
of urea nitrogen after first two hours.

The total number of rumen bacteria also decreased at 0,
3 and 6 h after feeding at two levels of dilution 107 and
10° CFU/ml, which may be due to ingestion of large
amounts of water with urea treatment and then an increase
in the rate of passage of microbial protein and rumen
contents to the other parts of alimentary canal.

Total bacterial count was examined in Shami goats with
two levels of dilution 107 and 10° CFU/ml at different
times after morning feeding (Table 4.), at zero time
(before morning feeding), soya bean meal treatment had
supetiority increasing for total bacteria count (P<0.05) at all
dilutions, while, after 1h. and 2h., there were unsignificant
increasing for urea treatments in contrast without urea T,
then significantly decreased (P<0.05) at 3h. and Gh. after
morning feeding. It’s well known that the feeding urea leads
to increasing water intake, that may lead to dilution rumen
fluid and increasing rate of passage of feeds and microbial
protein, so, decreasing total count of bacteria by increasing
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the time after feeding, Wanapat et al. (20106) referred to
increase total count of bacteria and cellulolytic bacteria
when fed rice straw supplemented with urea in contrast
with control, Zhang et al. (2016) showed that microbial
protein production was increased with increasing urea
from 0% to 2% and no difference between 2% and 3%.

CONCLUSIONS

In the rumen, urea is hydrolysed quickly within two hours
by ureolytic bacteria to ammonia, which enhance microbial
protein, feed digestibility, crude protein contents. The
1.5% urea had no effects on blood urea and live functions
enzymes, there were big chances to be synchronize between
ammonia nitrogen and volatile fatty acids within first two
hours after feeding. Urea in the diet has no adverse effect
on animal health under experimental condition. However,
more trials involving diagnosing types of ureolytic bacteria
strains and combination between soyabean meal and urea
are suggested prior to have final recommendations.
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