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EDITOR’S NOTE
Researchers often ask, 'If I publish in an Open Access journal, will my work be
cited?’ James Pingle (nature.com, 07 Dec. 2019), Vice President, Thomson ISI,
USA based on a study in respect of papers published in over 190 Open Access
journals has concluded that Open Access journals can have similar impact to
other journals, and prospective authors should not fear publishing in these
journals merely because of their access model. It is duly corroborated by earlier
researchers who have unequivocally established the superiority of e-publications
for convenience, cost effectiveness, and comprehension. In addition, a scholar’s
scientific research output can be assessed in terms of h-index (Hirsch, 2005)
from Google Scholar Database, which is regarded as a numerical indicator for
appointment into respectable positions in universities & institutes world wide.
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ORIGINAL RESEARCH
THE EFFECTS OF PROBIOTIC, PREBIOTIC AND SYNBIOTIC TREATMENTS ON
EGG PRODUCTION AND EGG CHARACTERISTICS IN BROWN NICK HENS
DURING THE LAST STAGE OF PRODUCTION IN WINETR SEASON

Fayza M. Salem1, A.A. Abd El-Dayem2
ABSTRACT
The egg production trajectory of laying hens starts with the age of sexual maturity, and then
ascends the peak, followed by regression in the last phase of production cycle in conjunction
with quality deterioration making the enterprise commercially unsustainable to the breeder. It is
more pronounced in winter season due to non-availability of required metabolic energy for
maintenance of body temperature and sustenance of egg production. This study attempts to
moderate it through administration of nutritional supplements, such as probiotic (Bio-plus2B®),
and prebiotic (Techno Mos®) individually or in combination (synbiotic), focusing on the
evaluation of (1) Hen-day egg production (%), egg weight (g) and daily egg mass (g); (2) Body
weight (g) and body weight gain (g); (3) Feed intake (g/hen/day) and feed efficiency (feed
intake/egg mass); (4) Egg quality in terms of egg weight (g), egg shape index (%), albumen (%),
yolk (%), yolk/albumen ratio and haugh unit; (5) Shell quality in terms of shell weight (g), shell
(%), shell thickness (mm), shell surface area (cm 2), SWUSA (mg/cm 2), and shell density
(g/cm 3); (6) Chemical composition of inner egg components (yolk & albumen) in terms of protein
(%), fat (%) and GE (kcal/kg), and (7) Economic efficiency of feed (%) and net return (LE.) /kg
eggs in eighty H&N Brown Nick laying hens in their last phase of production (65-74 weeks of
age) under winter conditions in south Sinai desert of Egypt. The hens were randomly divided
into 4 equal treatment groups with 10 replicates per treatment and 2 hens per replicate. These
treatments were T1 (control), T2 (Probiotic: 1g Bio-plus2B® / 1kg diet), T3 (Prebiotic: 1g Techno
Mos® / 1kg diet) and T4 (Synbiotic: 1g Bio-plus2B® along with 1g Techno Mos® / 1kg diet). The
results indicated positive and significant (P<0.001) superiority of the experimental treatments
particularly the probiotic (T2) treatment on hen-day egg production (%) and daily egg mass (g),
over the control group. The improvement in feed efficiency in terms of feed intake / daily egg
mass were significantly (P<0.001) higher in T2, T3 and T4 groups compared to the control (T1)
indicating the advantage of supplements. The gross energy content (kcal/kg) of the inner egg
components (yolk & albumen) for hens fed on probiotic containing diet (T2) was higher (P<0.05)
than other three treatments (T1, T3, T4). Feed cost / kg eggs (LE. 12.67) was the lowest in
probiotic (T2) group, while the net return / kg eggs (LE. 6.33) was the highest in this group (T2)
compared to the other three groups (T1, T3, T4). It is concluded that dietary supplementation of
probiotic (1g Bio-plus2B® / 1kg feed) excelled other treatments in enhancing egg production
(%), egg mass (g), gross energy (GE) content (kcal / kg) of the inner egg components, feed
efficiency (g), economic efficiency of feed (%) and net return (LE.)/1kg eggs in Brown Nick hens
during the last stage of egg production in winter season.
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INTRODUCTION
Hen-day egg production of laying hens (CP 909) has been reported to increase to 87.45% in the
second phase from 18.11% in the early phase, which subsequently declines to 44.75% in the
final phase (Arifin, 2016). The quality of egg (Leeson, 2006) is focused externally on its shell,
while the internal quality primarily refers to albumen and yolk. Adequate dietary calcium and
phosphorus has been found to improve egg production, shell weight and shell thickness,
besides decreasing mortality, particularly in the winter season, where the spread of diseases
and pathogenic bacteria decline the immunity of hens and their ability to produce more eggs.
Moreover, it has been experimentally proved that layers under cold conditions loose more
energy to maintain their body temperature. Due to their reduced feed intake capacity, hens are
not capable of increasing the availability of the metabolic energy required to maintain their body
temperature and egg production, consequently resulting in economic losses (Alves et al., 2012).
In addition, thickness of the egg shell weakens due to the large size of eggs produced during
the final stage of production cycle (Bar et al., 2002), due to decrease in the efficiency of older
hens in absorbing calcium than the younger ones (Al-Batshan et al., 1994). Hens’ eggs,
particularly in the final stage of production cycle, exhibit deterioration of egg shell quality in
terms of production of higher numbers of broken and defective eggs due to changes in the bird’s
body related to vitamin D3 metabolism (Pelicia et al., 2009). It is thus important to use some
feed additives that help in increasing the egg production, and protecting the thickness of the egg
shell from weakness as well to reduce the percentage of broken eggs which exceed 20% at the
final stage of production cycle (Nys, 2001), by enhancing the absorption of nutrients and
improving the health of hens by strengthening the immune system.
These feed additives include probiotics and prebiotics which are added in the diet individually or
together for synbiotic action. Probiotics are live microorganisms which provide health benefits to
the host when served in sufficient quantity (FAO/WHO, 2001). Probiotics benefit poultry by
decreasing harmful bacteria (Salem, 2012), enhancing intestinal barrier functions and positively
modulating the immune system (Ng et al., 2009). Prebiotics are feed ingredients that are not
digested by the host and they can be used to promote the growth of beneficial bacteria (Kontula
et al., 1999).
Probiotics and prebiotics affect the metabolic activity of the beneficial bacteria within the layers'
intestine, which positively influence mineral absorption rate especially those of calcium and
magnesium (Roberfroid, 2000). The purpose of this study is to evaluate the effect of adding both
probiotic and prebiotic alone or in combination (synbiotic) on the productive performance and
egg quality of H&N Brown Nick laying hens during the last stage of egg production in winter
season.
MATERIALS AND METHODS
The current experiment was carried out in south Sinai experimental research station (Ras-Suder
City) which belongs to the Desert Research Center during the winter season (from December,
2018 to February, 2019 for 64 days).
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Birds’ management and the experimental design: Eighty H&N Brown Nick laying hens at 65
weeks of age were randomly assigned into 4 treatments; each one has 10 replicates with 2
hens per replicate. The experimental treatments were T1 (control), T2 (1g Bio-plus2B®/1kg diet,
probiotic), T3 (1g Techno Mos®/1kg diet, prebiotic) and T4 (1g Bio-plus2B® plus 1g Techno
Mos®/1kg diet, synbiotic). The experimental diet (Table 1) was formulated according to NRC
(1994) and was iso-nitrogenous (17% CP) and iso-caloric (2755 Kcal ME/Kg). Feed and fresh
water were made available to the birds ad-lib all the time.
Table-1: The composition and calculated nutritive values of the experimental diets.
Constituents

T1 (Control)

T2 (Probiotic)

T3 (Prebiotic)

T4 (Synbiotic)

59.10
23.05
2.15
1.50
9.00
1.45
3.05
0.10
0.30
0.30
100

59.10
23.05
2.15
1.50
9.00
1.45
3.05
0.10
0.30
0.30
100

59.10
23.05
2.15
1.50
9.00
1.45
3.05
0.10
0.30
0.30
100

59.10
23.05
2.15
1.50
9.00
1.45
3.05
0.10
0.30
0.30
100

16.98
2758
3.82
0.38
0.39
0.81

16.98
2758
3.82
0.38
0.39
0.81

16.98
2758
3.82
0.38
0.39
0.81

16.98
2758
3.82
0.38
0.39
0.81

-

1g Bio-lus2B®
-

1gTechnoMos®
-

-

Feed Ingredients (% )
Yellow corn
Soybean meal 44%
Corn gluten meal 60%

Sunflower oil
Limestone
Di-Calcium phosphate

Wheat bran
DL-Methionine
Salt
Vit. & Min. premix*
Total

Nutrient composition
Crude protein %
ME (Kcal/kg)
Calcium (%)
Available P (%)
DL-Methionine (%)
L-Lysine (%)
Feed Additives**
Probiotic/1 kg diet
Prebiotic/1 kg diet
Synbiotic/1kg diet

1g Bio-plus2B®+
1g Techno Mos®

*Vitamins and minerals premix: Each 2.5 kg contain: Vit A 10,000,000 IU, Vit D3
2,000,000 IU, Vit E 10g, Vit K 1000mg, Vit B12 10mg, Vit B1 1000mg, Vit B2 5000mg, Vit
B6 1.5g, Pantothenic acid 10g, Niacin 30g, Folic acid 1g, Biotin 50mg, Iron 30g,
Manganese 70g, Choline chloride 10g, Copper 4g, Zinc 50g, Selenium 100mg and
Iodine 300mg.
**The selected probiotic is Bio-plus 2B® (Bacillus licheniformis CH 200/DSM 5749
1.6*109 CFU/g and Bacillus subtilis CH 201/DSM 5750 1.6*109) and prebiotic is Techno
Mos® (Mannanoligosaccarides (MOS) and 1,3 B-glucan that is derived from the cell
wall of the yeast Saccharomyces cerevisiae).
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Bird housing: All hens were housed in wire cages of triple deck batteries and they were
exposed to 16 hr of continuous light during the production period. Average of indoor ambient
temperature (19.90±0.20 ºC) and relative humidity, RH (56.33±1.44%) were recorded using
electronic digital thermo-hygrometer. A temperature-humidity index (THI) was calculated
according to Amundson et al. (2006) with the following formula:
THI = (0.8 × T) + [(RH / 100) × (T – 14.4)] + 46.4
The average THI was 65.26±0.32
Performance measurements: Individual live body weights were recorded at 65 and 74 weeks
of age. Body weight gain (g) was calculated as the difference between the initial and final body
weights. Feed intake (g) was recorded weekly
Inner egg components analysis: The chemical composition of inner egg components (yolk
and albumen) was determined according to A.O.A.C. (2005), while gross energy content
(kcal/kg) was measured by completely combusting in a bomb calorimeter.
Egg quality and shell quality traits: Egg weight and number were recorded daily to calculate
the egg mass (g/hen/day). Feed efficiency (g feed intake / g egg mass) was calculated as the
amount of feed consumed divided by egg mass. A number of 8 eggs were taken from each
treatment at the end of experiment for measuring egg quality traits which included egg weight,
egg shape index, albumen (%), yolk (%), yolk/albumen ratio and haugh unit. Shell quality traits
included shell weight, shell (%), shell thickness, shell density, shell surface area and shell
weight per unit of surface area (SWUSA). The percentage of albumen, yolk and shell was
calculated as their weights relative to egg weight (Carter, 1968). Yolk and albumen weights (g)
were measured to calculate yolk/albumen ratio.
Egg dimensions (mm) were measured by using a digital caliper to calculate shape index
(Panda, 1996) as follows:
Egg shape index = (Egg width / Egg length) × 100
Haugh unit was calculated according to Haugh (1937):
Haugh unit=100 x log (H+7.57-1.7 x W0.37), where: H=Albumen height (mm), W=Egg weight (g)
Shell thickness (ST) was measured without membrane using micrometer.
Shell surface area (SA) was measured as SA (cm2) = 3.9782  EW 0.7056
Where: 3.9782 = constant factor, EW = egg weight (g).
Shell weight per unit of surface area (SWUSA) was estimated as:
SWUSA (mg/cm2) = SW (mg) /SA (cm2), where SW= shell weight. Both SA and SWUSA were
calculated according to Nordstrom and Qusterhout (1982).
Shell density (SD) in g/cm3 was estimated by the equation of Curtis et al. (1985) as follows:
SD = SW (g)/SA (cm2)  ST (cm).
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Economic Efficiency: The economic efficiency of feed for egg production was calculated
according to the costs of the experimental diets and the price of one kilogram of egg. The value
of the economic efficiency was calculated as the net return per unit of total costs
Statistical analysis: The data was analyzed using General Linear Model (GLM) procedures by
SAS program (SAS, 2002) using one-way analysis of variance according to the following model:
Yij = µ+ T i + e ij
Where: Yij = Observation. µ = General mean. Ti = Random effect of treatment (i = 1, 2, 3, 4). eij=
Random error assumed to be independent and normally distributed. LSD test was conducted to
test significant differences among treatment means.
RESULTS AND DISCUSSIONS
Productive performance: The results of hen-day egg production (%), egg weight (g) and daily
egg mass (g) during the experimental period (65-74 weeks of age) are presented in Figure 1. All
the recorded experimental treatments were highly significant (P<0.001).
Fig. 1: Hen-day egg production (%), egg weight (g) and daily egg mass (g) of the hens fed
on control diet (T1), probiotic (T2), prebiotic (T3) and synbiotic (T4) fortified diets during
the last stage of egg production (65-74 weeks of age).

Numerals with a, b, c superscripts were significantly (P<0.001) different.
Hen-day egg production (%) in T2 group (94%), was significantly (P<0.001) higher than in T3
(89.42%), T4 (88.25%), and T1 group (81.5%). The increase in egg production was 12.5%,
7.92% and 6.75% for T2, T3 and T4 groups respectively versus T1. Egg weight (g) was the
highest (P<0.001) in T4 group (66.42 g) followed by T3 (65.25 g), T2 (64.78 g) and T1 (64.38 g).
The differences were non-significant among T1, T2 and T3. Daily egg mass (g) was the highest
in T2 group (60.88 g), and was significantly (P<0.001) higher than T4 (58.58 g), T3 (58.32 g)
and T1 (52.46 g).
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The daily egg mass (g) in T1 was significantly (P<0.001) lower than T2, T3 and T4. The
differences between T3 and T4 were non-significant. The results indicated positive and
significant (P<0.001) superiority of probiotic (T2) treatment on hen-day egg production and egg
mass, over the other treatments.
These results were in conformation with Abdelqader et al. (2013a and 2013b) and Abdelqader
(2017) who recorded a significant increase in egg production, egg weight and egg mass by
adding probiotic (0.5 g and 1g Bacillus subtilis / kg diet), prebiotic (1 g inulin / kg diet) or
synbiotic (1g Bacillus subtilis + 1g inulin / kg diet) in laying hens diet (64-75 weeks of age)
compared to the control. It has been reported earlier that adding Bacillus licheniformis and
Bacillus subtilis in rations of Brown-Nick layer hybrids increased egg production (Kurtoglu et al.,
2004). Likewise, Nahashon et al. (1992) and Tortuero and Fernandez (1995) have exhibited that
using probiotics as feed additives significantly improved the egg weight.
However, the improvement in egg production in this study may be due to the influence of
probiotics and prebiotics on the metabolic activity of the beneficial bacterial colonies inside the
layer's intestine. They could have improved the mineral absorption rate such as calcium
(Roberfroid, 2000). It has been reported that calcium and phosphorus retention were improved
in laying hens when the diet contained Lactobacillus (Nahashon et al., 1996). Therefore,
probiotics and prebiotics could be considered as antimicrobial growth promoters, which have
positive effects on the metabolic processes and utilization of nutrients (Yeo and Kim, 1997).
Also, the synergism between probiotic and prebiotic together actually lead to better nutrients
utilization, metabolism and good absorption.
On the contrary, Daneshyar et al. (2007) have reported that probiotic supplementation in rations
of broiler breeder did not have significant effect on egg production and egg mass, however, the
significant effect was observed in egg weight. Also, Haddadin et al. (1996), Nahashon et al.
(1996) and Chen and Chen (2003) confirmed that probiotic addition had no significant effect on
egg weight. Likewise, Elnagar (2013) had also observed that Saccaromyces cerevisiae at levels
of 3 and 6 g / kg diet significantly decreased egg production.
These controversial results might be related to the dosage of probiotics and prebiotics in the
diet, the species of probiotics, types of prebiotics, breed and age of birds, the stage of
production, climatic conditions, degree of the surrounding environmental pollution and bacteria's
tolerance of climatic conditions. These factors have an important role in increasing or
decreasing the quantity and the quality of production.
Body weight and weight gain: The body weights and gains are illustrated in Table 2. During
the whole experimental period, there was a non-significant increase (12.7%) in body weight gain
of hens fed on synbiotic treatment (T4) compared to the control (T1). The current results agree
with those of Sheoran et al. (2017) who observed that body weight gains in hens fed on different
levels of prebiotic and probiotic feed additives were not significantly affected compared to the
control. Similar results were reported by Nahashon et al. (1996). Laying hens fed on probiotic
(Lactobacillus microorganisms) and prebiotic in their diets gained more body weight (Nahashon
et al., 1994; Bozkurt et al., 2011).
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Table-2: Body weights (g) and weight gain (g) of the hens fed on control diet (T1),
probiotic (T2), prebiotic (T3) and synbiotic (T4) feed supplements during the last stage of
egg production (65-74 weeks of age).
Body weight

T1

T2

T3

T4

SE

Sig

Initial weight (g)

1892.5

1879.5

1917.5

1892.5

37.49

ns

Final weight (g)

2050.0

2044.0

2077.5

2070.0

60.94

ns

Weight Gain (g)

157.5

160.5

160.0

177.5

70.45

ns

SE = Stander error, Sig = Significance, ns = not significant
Feed intake and Feed efficiency: Figure 2 and Figure 3 indicated that there were significant
differences among treatments concerning the daily feed intake and feed efficiency (P<0.001),
respectively. There was a significant decrease in feed intake of the experimental treatments
compared to the control. The values of feed intake (g/hen/day) were 123.61, 120.83 and 121.36
versus 129.11 for T2, T3 and T4, respectively compared to T1.
However, the experimental treatments showed a significant improvement in feed efficiency
compared to the control. The values of feed efficiency were 2.03, 2.08 and 2.07 versus 2.47 for
T2, T3 and T4, respectively compared to T1. This improvement may be attributed to probiotics
and / or prebiotics which have beneficial effects in increasing the nutrient absorptive surface
area in the gut (Amat et al., 1996: Salem, 2012).
Fig. 2: Feed intake (g/hen/day) of the hens fed on control diet (T1), probiotic (T2),
prebiotic (T3) and synbiotic (T4) fortified diets during the last stage of egg production
(65-74 weeks of age).

Fig. 2: Feed intake (g/hen/day)
130

129.11a

128

126

123.61b

124
122

120.83b

121.36b

120

118
116
T1

T2

T3

T4

Numerals with a, b superscripts were significantly (P<0.001) different
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Fig. 3: Feed efficiency (Feed intake/Egg mass) of the hens fed on control diet (T1),
probiotic (T2), prebiotic (T3) and synbiotic (T4) fortified diets during the last stage of egg
production (65-74 weeks of age).

Fig. 3: Feed efficiency (Feed intake/Egg mass)
3

2.5

2.47a
2.03b

2.08b

2.07b

T2

T3

T4

2

1.5

1

0.5

0

T1

Numerals with a, b, superscripts were significantly (P<0.001) different
Similar results were reported by Elnagar (2013) who showed that Saccaromyces cerevisiae
significantly decreased feed consumption. Several other studies have proved that feed
efficiency was improved by adding probiotic to the diet (Panda et al., 2008; Youssef et al., 2013;
Chung et al., 2015). Likewise, Li et al. (2007) have confirmed that the lowest value of feed
intake and feed efficiency was found when 2g / kg fructo-oligosaccharides was used, while the
highest value was observed in the control group during 43-56 weeks of age in laying hens.
On the contrary, Fathi et al. (2018) have observed that there was insignificant decrease in feed
intake in both groups fed on a diet containing probiotics and non-significant difference in feed
efficiency compared to the control. Likewise, Nahashon et al. (1994), Mohan et al. (1995),
Tortuero and Fernandez (1995), Salem et al. (2012) and Elnagar (2013) have shown that feed
efficiency was not affected by probiotics.
Egg quality traits: The results in Table 3 showed the effect of dietary treatments on egg quality
traits. Probiotic (T2) and synbiotc (T4) treatments recorded a non-significant increase in egg
weight and the percentage of egg albumen. Prebiotic (T3) and synbiotic (T4) treatments showed
a numerical increase in egg yolk (%) and yolk/albumen ratio. The best value of egg shape index
was observed in T3. Haugh unit was higher in T4 group than the other three groups.
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Table-3: Egg quality traits of hens on control diet (T1), and probiotic (T2), prebiotic (T3)
and synbiotic (T4) supplemented diets during the last stage of egg production (65-74
weeks of age).
Items

T1

T2

T3

T4

SE

Sig

Egg weight (g)

63.63

67.63

64.32

67.24

1.42

ns

Egg shape index (%)

76.84

76.41

78.14

76.60

0.76

ns

Albumen (%)

50.98

54.54

50.01

51.68

1.31

ns

Yolk (%)

31.18

28.56

33.26

32.92

1.36

ns

Yolk/Albumen ratio

61.71

52.67

68.03

63.91

4.21

ns

Haugh unit

64.67

65.69

65.24

67.91

3.00

ns

SE = Stander error, Sig = Significant, ns = not significant
These results have been confirmed by some scientists such as Mahdavi et al. (2005) and
Mohebbifar et al. (2013), who did not find any significant effects for dietary probiotic inclusion on
egg quality. Fathi et al. (2018) have reported that there were non-significant differences among
the dietary groups (control, 200 and 400 ppm Bacillus subtilis) with respect to yolk (%), haugh
unit score and egg shape index. Likewise, Saccharomyces cerevisiae at levels of 3 or 6 g / kg
feed had no significant effect on haugh unit, albumen (%) and egg shape index, but the
percentage of yolk was improved (Elnagar, 2013), however, egg shape index was not affected
by probiotics and prebiotics treatments (Sheoran et al., 2017).
Shell quality traits: Data of shell weight (g), shell (%), shell thickness (mm), shell surface area
(cm 2), shell density (g/cm 3), shell weight per unit surface area (SWUSA, mg/cm 2) are
represented in Table 4.
Table-4: Shell quality traits of hens fed on control diet (T1), and probiotic (T2), prebiotic
(T3) and synbiotic (T4) supplemented diets during the last stage of egg production (65-74
weeks of age).
Items
Shell weight (g)
Shell (%)
Shell thickness (mm)
2

Shell surface area (cm )
SWUSA (mg/cm2)
Shell density (g/cm3)

T1

T2

T3

T4

SE

Sig

7.72

7.81

8.43

8.18

0.258

ns

12.16ab

11.57b

13.08a

12.17ab

0.328

…

0.076

0.077

0.078

0.077

0.006

ns

74.50

77.77

75.09

77.48

1.167

ns

103.67b

100.45b

112.07a

105.53ab

2.819

…

1.42

1.38

1.55

1.47

0.147

ns

Numerals with a, b, superscripts in the same row were significantly (P<0.05) different
SE=Standard error, Sig=Significant, ns=non-significant
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Prebiotic treatment (T3) showed significant (P<0.05) improvement in shell (%) and SWUSA
compared to T1 and T2, but did not differ from synbiotic treatment (T4). Shell weight was
numerically improved by T3 and T4 compared to the other two treatments (T1 and T2). Other
parameters were not affected by feed additives.
Nahashon et al. (1994), Mohan et al. (1995) and Li et al. (2007) showed non-significant
differences in shell thickness and haugh unit which agreed with the current results. On the
contrary, Sheoran et al. (2017) observed that there was a significant increase in shell thickness,
shell weight and shell (%) with probiotics and prebiotics treatments compared to the control.
Abdelqader et al. (2013a) got the maximum increase in egg shell weight and egg shell thickness
with 1g Bacillus subtilis / kg diet compared to the other treatments. Further, dietary
supplementation with Bacillus subtilis at 400 ppm level (Fathi et al., 2018) and saccharomyces
cerevisiae at levels of 3g or 6g / kg diet (Elnagar, 2013) significantly increased shell thickness
compared to the non-treated laying hens.
The significant increase in shell (%) and SWUSA (mg/cm 2) in T3 group might be due to the
increase in calcium and phosphorus content in serum of laying hens by prebiotic addition. This
indicated that prebiotic addition provided favorable acidic environment inside the intestine,
which helped in improving the digestion and absorption of calcium. Ashmead et al. (1985) have
also reported that minerals such as calcium and phosphorus required a very low pH to be
soluble. Thus, the acidic environment inside the intestine might have facilitated the ionization of
minerals which boosted mineral absorption.
Chemical composition of egg: Table 5 shows the percentage of crude protein and fat and the
gross energy content GE (kcal / kg) of the inner egg components (yolk and albumen). There
was an improvement in protein (%) for all the experimental treatments compared to the control,
while fat (%) numerically decreased in T2 and T3. The synbiotic treatment recorded the highest
percent of protein, while probiotic treatment showed the lowest percent of fat. Gross energy
(kcal / kg) was higher (P<0.05) in T2 (Probiotic) compared to T3 (prebiotic) and T4 (synbiotic)
treatment groups, but did not differ from the control (T1).
Table-5: Chemical composition of inner egg components (yolk and albumen) on dry
matter basis (%) in hens fed on control (T1), probiotic (T2), prebiotic (T3) and synbiotic
(T4) supplemented diets during the last stage of egg production (65-74 weeks of age).
Items

T1

T2

T3

T4

SE

Sig

Protein (%)

39.53

42.63

43.30

45.30

1.94

ns

Fat (%)

35.57

33.40

34.50

35.50

1.90

ns

6709.1b

6815.8a

5840.9c

6051.5bc

221.6

…

GE (kcal/kg)

Numerals with a, b, c superscripts in the same row were significantly (P<0.05) different.
SE = Stander error, Sig=Significant, ns=non-significant, GE = Gross energy.
Trani et al. (2016) found that egg yolk obtained from laying hens fed on probiotic had a
significantly lower fat content and higher protein content compared to the control group. There
were no differences among treatments concerning the albumen composition of fat and protein.
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The current results showed similar improvement in the composition of inner egg components
(yolk and albumen) like Trani et al. (2016), but this improvement was non-significant. Therefore,
there were no significant differences among treatments concerning total lipid contents of egg
yolk by addition of prebiotic, probiotic and synbiotic (Tang et al., 2015) and Lactobacillus
(Haddadin et al., 1996; Kalavathy et al., 2009) to the ration.
The reduction in the inner egg components of hens fed on probiotic may be a good indicator of
low yolk cholesterol as reported by Slaugh (2002) and Aghaii et al. (2010) who found that
adding probiotics to laying hens diet could lead to a 50% reduction of cholesterol in the yolk.
About the gross energy of inner egg components, there are no available references.
The highest value of gross energy of the probiotic treatment may be related to probiotic bacteria
that can breakdown the indigestible carbohydrates in the gut and produce the short chain fatty
acids which can be used as fuels for the tissues of the host (Rémésy et al., 1992).
On the other hand, the low gross energy of the treatments containing prebiotic
(mannanoligosaccarides and β-glucans) may be due to non-starch polysaccharides, which have
strong negative effect on net energy utilization which are lost in the form of volatile fatty acids in
the excreta (Choct, 1999).
Feed efficiency, cost efficiency and egg production economy: The data on feed efficiency
and economic efficiency of the hens treated with experimental diets are shown in Table 6.
Adding the current feed additives (probiotic, prebiotic and synbiotic) to laying hens’ diets
decreased the feed cost per kilogram of eggs and increased the net return of the production
process during the late phase of egg production.
Table-6: Feed efficiency, feed cost efficiency and egg production economy in hens fed on
control (T1), probiotic (T2), prebiotic (T3) and synbiotic (T4) supplemented diets during
the last stage of egg production (65-74 weeks of age).

T1

T2

T3

T4

Feed efficiency (g feed / g egg mass)

2.47

2.03

2.08

2.07

Cost of kg feed (LE.)

6.00

6.24

6.11

6.35

Feed cost / kg eggs (LE.)

14.82

12.67

12.71

13.14

Market price of one kg eggs (LE.)

19.00

19.00

19.00

19.00

Net return (LE.) / kg eggs

4.18

6.33

6.29

5.86

Economic efficiency of feed (%)

28.21

49.96

49.49

44.60

Items

The price of 1 ton of feed = 6000 LE. (Egyptian Pound), 1 kg probiotic = 240 LE., and
1 kg prebiotic = 105 LE.
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CONCLUSION
It can be proved from the results that using probiotic (Bio-plus2B®) and prebiotic (Techno
Mos®) individually or together in diets of laying hens during the last stage of egg production was
beneficial in increasing egg production with improving feed efficiency and egg quality, besides
the improvement in gross energy content of the inner egg components. In addition, it increased
the net return of the produced eggs and improved the economic efficiency of feed.
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CLINICAL RESEARCH
HEMATOLOGICAL AND CARDIOPULMONARY EFFECT S OF PROPOFOL
ANESTHESIA IN RED SOKOTO GOAT OF NIGERIA

A. S. Yakubu1, S. Ja’afar2; F. Sulaiman3; A. A. Abubakar4; A. T. Elsa5;
R. O. C. Kene6; K. I. Onifade7; J. B. Adeyanju 8
ABSTRACT
Propofol is a unique non-barbiturate, non-steroid, short-acting general intravenous anaesthetic
agent associated with rapid and smooth induction and rapid recovery. Earlier studies have
indicated the adverse effect of propofol anesthesia on hematological parameters, contributing to
immune suppression in dog. Propofol has also been reported to cause depression of respiratory
function due to reduction of sensitivity of respiratory centre to carbon dioxide and tissue oxygen
uptake in goat. The high cost of anesthetic agents, especially general or intravenous
anesthetics, lack of technical know-how of endotracheal intubation and paucity of suitable
anesthetic agents limits the ability of the surgeon to perform invasive surgery successfully in
goats. This study was conducted to evaluate the effects of propofol anesthesia on the
hematological and cardiopulmonary parameters in Red Sokoto goats of Nigeria for possible
adoption in routine invasive surgical procedures in small ruminants due to non-availability of
information on this aspect. Five apparently healthy female Red Sokoto goats weighing between
17-25 kg were used for the study. Propofol was used for induction of anesthesia with 4mg/kg
body weight for 10 seconds and maintained at 0.4 mgkg-1min-1 by continuous infusion for 60
minutes. Hematological and cardiopulmonary parameters were recorded before anesthetization
(T0) and subsequently at 5 (T5), 10 (T10), 15 (T15), 30 (T30), 45 (T45), and 60 (T60) minutes
after anesthetization, and 1 hour post recovery (T120). The mean onset of propofol anaesthesia
was found to be 20.6 ± 2.6 seconds. All the animals showed prolapsed third eyelid, whereas the
tail, palpebral, deglutition and auricular reflexes were abolished. The goats showed no outward
signs of excitement. Endotracheal intubation was difficult. Onset of action was rapid, so also the
time of recovery. Hematological parameters in the study included Haematocrit (PCV%) value,
Red Blood Cell (RBC) Count, Hemoglobin concentration (Hgb), Mean Corpuscular Volume
(MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration
(MCHC),and White Blood Cell (WBC) Count. Cardiopulmonary parameters included rectal
temperature, respiration rate, pulse rate, mean arterial blood pressure (MABP) and oxygen
saturation level (SpO2). The result of the present study did not reveal significant (P>0.05)
alteration in hematological indices and cardiopulmonary parameters before anesthetization (T0),
during anesthesia (T5-T60) and after recovery from anesthesia (T120). It is concluded that
induction of propofol anesthesia at 4mg/kg body weight and maintenance at 0.4mg/kg/minute
for surgical interventions in Red Sokoto goats triggered rapid onset and smooth perpetuation
without detrimental hematological and cardiopulmonary consequences during anesthetization
and post-recovery.
KEY WORDS
Cardiopulmonary, Hematology, Propofol, Red Sokoto Goat.
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INTRODUCTION
Drugs commonly used in anesthesia practice may significantly alter the oxidative state of blood
cells, contributing to immune suppression that occurs transiently in the early post-operative
period (Costa et al., 2013). The consequent oxidative stress gives rise to cellular damage,
including accelerated apoptosis, which is a main contributing factor for post-operative
lymphocytopenia and immunological insufficiency (Delogu et al., 2004).
Propofol is an alkyl phenol derivative (2, 6-di-isopropyl phenol), moderately soluble in water and
commercially produced as an aqueous emulsion containing propofol (10 mg/ml), glycerol (100
mg/ml), soya bean oil (22.5 mg/ml), egg lecithin (12 mg/ml) and sodium hydroxide to adjust the
required level of pH (Branson and Gross, 1994; Lin et al., 1997). Propofol is provided in sterile
glass ampoule, but it does not contain preservatives. Therefore, the formulation is susceptible to
microbial growth and endotoxin production (Arduino et al., 1991).
Propofol is a unique non-barbiturate, non-steroid, short-acting general intravenous anaesthetic
agent (Hofmeister et al., 2008). It is associated with a rapid smooth induction and a rapid
recovery compared to administration in the form of bolus or through infusion (Branson and
Gross, 1994). It produces smooth induction and preservation by intermittent injection (Muir et
al., 2007). Propofol effects are similar to sodium pentothal in terms of rapid onset of action. It
does not provide analgesia; but, some studies have reported a less post-operative pain as
compared to inhalation agents (Muir et al., 2007).
However, it is reported that prior to propofol administration, oxygen utilization ratio increased,
whereas mean arterial pressure, mean pulmonary arterial pressure, central venous pressure,
pulmonary capillary wedge pressure, cardiac index, oxygen delivery, mixed venous oxygen
tension, and mixed venous oxygen content decreased from baseline in hypovolemic dogs (Ilkiw
et al., 1992).
Propofol is extremely protein bound in vivo and is metabolized by conjugation in the liver. Its
rate of clearance exceeds hepatic blood flow, suggesting an extra hepatic site of elimination and
has several mechanisms of action (Vanlersberghe and Camu, 2008) both through potentiation
of GABA, a receptor activity, thereby slowing the channel closing time (Krasowski et. al., 2002)
and acting as sodium channel blocker as well (Haeseler and Leuwer, 2003; Fowler, 2004).
Recent research has also suggested the endocannabinoid system which m ight contribute
significantly to propofol's anesthetic action and to its unique properties (Fowler, 2004).
Earlier studies have indicated the adverse effect of propofol anesthesia on hematological
parameters, such as red blood cells (RBC) count, hematocrit (PCV%), hemoblogin (Hgb)
concentration and total leukocytes (WBC) count, 30-60 minutes after induction compared to the
base values before induction, and should therefore be used with caution in immunossupressed
patients.
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The Bispectral index (BIS) has indicated that cardiovascular parameters, such as heart rate
(HR) was not affected by propofol-anesthesia administered with or without tramadol before
induction and 60 minutes after induction, while systolic arterial pressure (SAP), diastolic arterial
pressure (DAP) and mean arterial pressure (MAP) were significantly (P<0.05) higher in 60
minutes after anesthetization compared to the base value in dogs (Costa et al., 2013).
Propofol has been reported to cause depression of respiratory function expressed by a
decrease in tidal volume and respiratory rate in animals and humans. Incidence of apnea is
common and is attributed to be dependent on the dose, speed of infection, concomitant
premedication and the presence of hyper ventilation and hyperoxia (Langley and Heel, 1988;
Smith et al., 1994). The decrease is attributed to reduction of sensitivity of respiratory centre to
carbon dioxide and tissue oxygen uptake in goat (Lumb and Jones, 1997; Carroll et al., 1998).
Myoclonus and apnea were associated with propofol administration at 5.1 mg/kg in goats (Pablo
et al., 1997).
Goats are not commonly anesthetized with general anesthetic technique in most developing
countries. This is why information on goat anesthetics is limited. In Nigeria, Intravenous
anesthesia is not a common practice in small ruminant surgery, but mostly carried out in pet
animals like dogs and cats. Local anesthesia with physical restraint is the common practice in
both small and large animal surgeries. The high cost of these anesthetic agents, mostly general
or intravenous anesthetics, lack of technical know-how of endotracheal intubation in goats and
administration of suitable anesthetic agent to achieve anesthesia, limits the ability of the
surgeon to perform invasive surgery successfully. This study aims to evaluate the effects of
propofol anesthesia on the hematological and cardiopulmonary parameters in Red Sokoto goats
for possible adoption in routine invasive surgical practice in small ruminants.
MATERIALS AND METHODS
A total of 5 apparently healthy adult Red Sokoto does were used for this study. They weighed
between 17 to 27 kg, and were housed in the Usmanu Danfodiyo University Veterinary
Teaching Hospital, Large Animal Pen. All the five goats were fed twice daily with commercial
wheat bran and hay. Clean water was provided ad libitum. The goats were conditioned for one
week before anaesthetization, after which they were examined and ascertained to be free from
any clinical signs of illness, before trial.
Animal Preparation: The goats were fasted for 12 hours but water was provided until 2 hours
before induction of anesthesia. The animals were weighed and vital parameters were recorded.
Before induction of anesthesia, both the right and left jugular veins were catheterized using
polyvinyl IV catheter (PRIMAFLON® , China) on disinfected clipped skin for the administration of
drug and blood sample collection respectively and the base of the tail was clipped for the
placement of pulse oximeter probe (PC-66® hand held oximeter, Singapore).
Induction and Maintenance of Anesthesia: Propofol (POFOL®, Dongkook Pharmaceuticals,
Thailand) at 4mg/kg body weight was administered through the left jugular vein slowly over 10
seconds. Endotracheal intubation was attempted immediately once the goats became
recumbent and showed absence of swallowing reflex.
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The median effective dose (ED50) of propofol in goat has been calculated earlier (by use of
probit analysis by taking into consideration induction time, frequency and duration of apnea,
frequency of myoclonus, and other adverse effects (Reid et al., 1993). Induction of propofol
anesthesia (4 mg/kg) has been proved to be rapid and smooth, providing satisfactory conditions
for intubation in goats (Pablo et al., 1997). The anesthesia was maintained at 0.4 mgkg-1min-1
continuous infusion rate for 60 minutes (Kaiser-Klingler, 2012; Ferreira et al., 2016).
Blood Sampling for Hematogical Indices: Blood sample was collected from the preplaced
catheter from one of the jugular veins before premedication and induction at 0 minute, followed
by induction at 5 minutes interval for the next 15 minutes and at 15 minutes interval for the next
60 minutes, i.e., 0, 5, 10, 15, 30, 45, and 60 minutes between induction and continuous
intermittent bolus injection time, and 1 hour after complete recovery.
The samples were stored in commercial EDTA sample bottles for complete blood count. The
hematological parameters were determined according to the principles and methods discussed
in the operational manual of fully automated Blood Cell Counter (Erma® PCE-210 Inc. Japan).
The parameters measured were, Haematocrit (PCV%), White Blood Cell (WBC) Count, Red
Blood Cell (RBC) Count, Hemoglobin concentration (Hgb), Mean Corpuscular Volume (MCV),
Mean Corpuscular Hemoglobin Concentration (MCHC), White Blood Cell (WBC) Count,
Granulocytes, Percentage Monocytes (% Mon), Percentage Lymphocytes (% Lym.).
Cardiopulmonary Parameters: Following induction, the goats were positioned in right ventrolateral recumbency. Heart and respiratory rates were monitored and recorded using a noninvasive technique (Haskins, 2007) using Veterinary patient monitor (Gladyvet 9200, China).
Cardio-respiratory monitoring was performed using a non-invasive technique by the use of pulse
oximeter with the probe wrapped around the clipped tail through the coccygeal artery. The
arterial blood pressure was monitored and recorded indirectly using a non-invasive technique by
the use of blood pressure cuff. Blood pressure meter was placed on cephalic artery with an
appropriate size cuff (Wagner et al., 1991). Rectal temperature was monitored and recorded
using digital thermometer (Famidoe Technology CO., Ltd. Guangdong, China).
RESULTS
Clinical symptoms: The mean onset of propofol anaesthesia was found to be 20.6 ± 2.6
seconds. All the animals showed prolapsed third eyelid, whereas the tail, palpebral, swallowing
and auricular reflexes were abolished. The goats showed no outward signs of excitement.
Endotracheal intubation was difficult and onset of action was rapid, so also the recovery time.
Hematological indices: There was no significant difference (P>0.05) in various hematological
indices, viz., PCV (%), RBC (x106/µl), Hg b (g/dl), MCV (fl), MCH (pg/dl), MCHC (g/dl), WBC
(x103/µl), Granulocyte (x103/µl)), Lymphocyte (%), and Monocyte (%) at different time intervals
(5-120 min) from the base line information (T0) before induction highlighting the efficacy and
safety of propofol anesthesia in Red Sokoto goats (Table-1).
Cardiopulmonary parameters: There was no significant difference (P>0.05) in various
cardiopulmonary parameters, viz., rectal temperature ( 0C), respiration rate (cycles/min), pulse
rate (Beats/min), mean arterial blood pressure, and mean oxygen saturation at different time
intervals (5-120 min) from the base line information (T0), with the unexplainable lone exception
(chance error) with regard to recession of rectal temperature after recovery (T 120) of the
anesthetized animals highlighting the efficacy and safety of propofol anesthesia in general with
respect to the cardiopulmonary parameters in Red Sokoto goats (Table-2).
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Table-1: Effects of Propofol anesthesia on hematological indices.
Parameter

0 Min

5 Min

10 Min

15 Min

30 Min

45 Min

60 Min 120 Min

PCV
(%)

24.36
± 0.7
---

21.90
± 1.4
NS

23.40
± 0.9
NS

22.74
± 0.3
NS

23.40
± 0.5
NS

21.66
± 1.2
NS

22.86
± 1.2
NS

23.94
± 1.4
NS

10.0
± 1.1
---

9.5
± 0.8
NS

9.5
± 1.5
NS

9.2
± 0.7
NS

9.4
± 0.9
NS

13.5
± 9.5
NS

9.5
± 0.9
NS

9.8
± 1.1
NS

7.3
± 0.7
---

6.2
± 0.7
NS

6.4
± 1.2
NS

6.1
± 0.6
NS

6.2
± 0.7
NS

6.2
± 0.7
NS

6.5
± 0.6
NS

6.5
± 0.6
NS

MCV

18.1

17.0

16.9

16.7

16.8

16.6

16.8

16.9

(f l)

± 1.01
---

± 1.8
NS

± 1.9
NS

± 1.8
NS

± 1.8
NS

± 1.8
NS

± 1.8
NS

± 1.7
NS

MCH

7.3

6.3

6.7

6.6

6. 6

6.6

6.7

6.6

(p g/dl)

± 0.4
---

± 0.8
NS

± 0.7
NS

± 0.5
NS

± 0.6
NS

± 0.5
NS

± 0.5
NS

± 0.5
NS

MCHC

40.2

39.0

39.2

39.8

39.3

39.9

39.9

39.5

(g/dl)

± 1.3
---

± 2.4
NS

± 1.9
NS

± 2.4
NS

± 1.6
NS

± 2.1
NS

± 1.9
NS

± 2.6
NS

22.1
± 6.8
---

14.6
± 7.7
NS

18.1
± 6.5
NS

16.6
± 6.2
NS

17.5
± 4.5
NS

18.3
± 5.3
NS

18.9
± 5.5
NS

17.0
± 6.0
NS

12.2
± 2.9
---

9.6
± 4.4
NS

8.7
± 3.2
NS

9.3
± 2.7
NS

8.6
± 3.2
NS

9.1
± 3.3
NS

10.7
± 3.4
NS

11.4
± 4.1
NS

22.1
± 6.8
---

14.6
± 7.7
NS

18.1
± 6.5
NS

16.6
± 6.2
NS

17.5
± 4.5
NS

18.3
± 5.3
NS

18.9
± 5.5
NS

17.1
± 6.0
NS

4.0
± 1.2
---

2.9
± 1.0
NS

2.9
± 0.9
NS

3.0
± 1.9
NS

3.4
± 0.4
NS

3.4
± 0.7
NS

3.3
± 2.0
NS

2.5
± 1.0
NS

t
RBC
(x106/µl)
t
Hg b
(g/dl)
t

t

t

t
WBC
(x103/µl)
t
Granulocyte
(x103/µl)
t
Lymphocyte
(%)
t
Monocyte
(%)
t

(1) The values in each cell represent Mean ± SEM, and each value (T1-T120) has been
compared for statistical significance against the base value (T0) by t test at P<0.05.
(2) NS = Non-Significant.
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Table-2: Effect of Propofol anesthesia on cardiopulmonary parameters.
Parameter

0 Min

5 Min

10 Min

15 Min

30 Min

45 Min

60 Min

120 Min

Rec. Temp

39.24

38.60

38.40

38.26

38.26

38.08

37.96

37.0

(0C)

± 0.56
---

± 0.61
NS

± 0.67

± 0.6

± 0.59

± 0.58

± 0.47

± 0.66

NS

NS

NS

NS

NS

SIG

25.20

15.80

20.40

16.0

19.60

18.20

17.2

19.0

± 4.60
---

± 2.49
NS

± 5.36

± 3.74

± 10.7

± 6.87

± 7.15

± 3.31

NS

NS

NS

NS

NS

NS

79.40

75.60

71.40

70.80

71.60

71.80

74.0

69.8

t

± 5.55
---

± 8.44
NS

± 8.14
NS

± 9.31
NS

± 12.30
NS

± 11.12
NS

± 12.02
NS

± 16.34
NS

MABP

72.40

63.40

62.20

62.40

61.0

59.80

64.20

76.0

± 7.31

± 8.20

± 8.16

± 6.54

± 9.79

± 11.62

± 11.75

± 11.76

t

---

NS

NS

NS

NS

NS

NS

NS

SpO2

66.40

79.0

72.40

90.0

83.40

81.60

92.80

71.4

t

±22.56
---

±14.42
NS

±19.50
NS

± 5.78
NS

± 6.06
NS

± 10.43
NS

± 4.08
NS

±2 7.26
NS

t
RR
cycles/min
t
PR
(Beats/min)

(1) The values in each cell represent Mean ± SEM, and each value (T1-T120) has been
compared for statistical significance against the base value (T0) by t test at P<0.05. (2)
SIG = Significant, NS = Non-Significant.
DISCUSSION
The result of the present study showed that hematocrit (PCV%) decreased significantly
(P<0.05) throughout the period of anaesthesia and 1 hour post recovery in all the goats. It
concurs with the finding that a significant decrease was observed in PCV when
acetylpromazine-propofol anaesthesia was administered in dogs (Gill et al., 1996).
Handel et al. (1991) have also reported a decrease in PCV during the first 10 minutes of
induction of propofol in sheep (ewes). Wagner et al. (1990) and Wagner et al. (1991) attributed
this to be due to inter-compartmental fluid shift in order to maintain normal cardiac output, and
due to decrease in resting sympathetic tone and hemodilution that occur when drugs are been
administered. In a different study conducted by Robertson et al. (1992) and Kwon et al. (1999)
no significant change in haematocrit was observed in dogs. Brzeski et al. (1994) have reported
that all hematological parameters when propofol was administered in sheep were found to be
within the normal physiological range. PCV value was found to be within the physiological limit
when xylazine was administered after induction with both high and low dose of propofol in
horses (Mama et al., 1998).
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There was no significant change (P>0.05) in RBC in this study which is contrary to the findings
of Kilic (2008) where a decrease in Red Blood Cell count (RBC) at 60 minutes of anaesthesia
was observed when propofol was administered in dogs and this was attributed to be due to
pooling of circulating blood cells in the spleen or other reservoirs secondary to decrease
sympathetic activity.
There was significant (P<0.05) decrease in Mean Corpuscular Volume (MCV) at 5, 10, 15, 30,
40 and 60 minutes. There was also significant (P<0.05) difference in the mean corpuscular
hemoglobin concentration (MCHC) between the baseline value and at all other timing intervals
post administration of the drug. However, there was no significant (P>0.05) decrease in MCHC
throughout the anesthetic timing intervals. This is contrary to the findings of Kim and Jang
(1999), where no significant changes in MCV and MCH were observed in propofol premedicated
with xylazine in dogs.
Vishwakarma et al. (2013) have reported lymphocytes to be within the normal range when
propofol was administered in sheep, however, in our own finding lymphocytes decreased
significantly (P<0.05) at 5, 15, and 30 minutes within the period of anaesthesia and 1 hour after
recovery. This might be due to the stress caused by pre-anaesthetic handling and restraint.
There was no significant change (P>0.05) in total leucocytes count when propofol premedicated
with xylazine was used by Kim and Jang (1999) in dogs, but in the present study, a significant
(P<0.05) decrease in WBC was observed, however these changes could be attributed to the
stress arising from manual handling and restraint and the cannulation of the jugular veins during
premedication.
When propofol-triflupromazine was administered in buffalo calves, a non-significant decrease in
hemoglobin concentration (Hgb) was observed (Singh et. al., 2014). Similarly, Ratnesh (2010)
and Kumar et al. (2011) recorded a significant change in Hgb concentration when propofol
anaesthesia was administered in buffalo calves, but Suresha et al. (2012) observed a significant
decrease in Hgb when triflupromazine and propofol were administered in dogs. Decrease in
hemoglobin has also been reported in dogs after the administration of dexmeditomidine ( Gupta,
2010), in sheep after administration of butorphanol and in buffaloes after midazolam and
butorphanol administration (Malik et al., 2011). A significant (P<0.05) change in Hgb
concentration was recorded in this present study and this decrease may be as a result of
splenic pooling of blood constituents (Hewson et al., 2006; Welberg et al., 2006).
The result of the present study showed a non-significant (P>0.05) fluctuation in respiratory rate
following induction of anesthesia which persisted throughout the maintenance period and at 1
hour post recovery. This is in line with the work of Bayan et al. (2002) who reported an increase
and then a subsequent decrease in respiratory rate after administration of propofol bolus in
dogs.
Contrary to our findings, a decrease in respiratory rate were observed in goat by Carroll et al.
(1998) when Detomidine-Butorphanol were used in dogs compared to propofol alone (Cullen
and Reynoldson, 1997), and in horses when propofol in combination with detomidine was used
(Mathews et al., 1999).
Propofol has been reported to cause depression of respiratory function expressed by a
decrease in tidal volume and respiratory rate in animals and humans. Incidence of apnea is
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common and is attributed to be dependent on the dose, speed of infection, concomitant
premedication and the presence of hyper ventilation and hyperoxia (Langley and Heel, 1988;
Smith et al., 1994). Lumb and Jones (1997) and Carroll et al. (1998) attributed the decrease to
be due to reduction of sensitivity of respiratory centre to carbon dioxide and tissue oxygen
uptake in goat.
A significance decrease in heart rate was observed in the present study following induction
throughout the period of anesthesia and one hour post recovery; this is in line with the work of
(Brussel et al., 1989) where a significant decrease in heart rate was observed in dogs after
administration of propofol. However, our work goes contrary to the work of Kim and Jang (1999)
when propofol alone was used in dogs or when tiletamin/zolazepam combination was used
(Cullen and Reynoldson, 1997).
Higher heart rates were also observed by Lin et al. (1997) in xylazine-ketamine-halothane
anesthesia in sheep as compared to medetomidine-propofol in dogs. In another finding, no
statistically significant difference was observed in heart rate in dogs anesthetized with
medetomidine/propofol combination (Thurmon et al., 1995). Intermittent increase and decrease
were observed in propofol anesthetized dogs (Bayan et al., 2002). Boyle et al. (1989) attributed
the decrease in heart rate to be due to negative ionotropic effect of propofol.
The result of the present study showed that there was a significant (P<0.05) decrease in rectal
temperature throughout the period of anesthesia and 1 hour post recovery, as compared to the
base line values. This is in line with the work of Carroll et al. (1998) who reported a decrease in
rectal temperature of dog after propofol administration, also same result in sheep was reported
by Zama et al. (2003). Kim and Jang (1999) reported significant decrease in body temperature
and heart rate. Contrary to our findings Thurmon et al. (1995) reported that no significant
difference in rectal temperature in dogs during medetomidine-propofol anesthesia was
observed.
The result of the present study showed statistically insignificant (P>0.05) intermittent increase
and decrease in systolic, diastolic and mean arterial blood pressure following induction of
anesthesia and the same trend persist throughout the period of anesthesia and at 1 hour post
recovery. This is in line with the work of Grimm et al. (1998) who reported a gradual decrease in
systolic, diastolic and mean arterial blood pressure. Induction of anesthesia with propofol has
been reported to reduce systolic and diastolic arterial blood pressure (Coates et al., 1987;
McCollum and Dundee, 1986).
An intermittent increase and decrease in oxygen saturation level immediately following induction
has been observed in the present study, same trend was observed and at 1 hour post recovery.
Contrary to the present was the work, Ramin et al. (2012) have reported that oxygen saturation
level significantly (P<0.05) decreased when compared with the baseline values in rabbit.
CONCLUSION
It can be concluded that induction and maintenance of propofol anaesthesia in goats at 4mg/kg
and 0.4mg/kg/minute revealed rapid onset, smooth perpetuation with determinant hematological
and cardiopulmonary consequence during anesthetization.
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CLINICAL RESEARCH
SURGICAL MANAGEMENT OF AN OPEN ORCHIECTOMY FOLLOWING
TRAUMATIC UNILATERAL TESTICULAR EVISCERATION IN A 2 YEAR OLD
NIGERIAN LOCAL DOG

A. S. Yakubu1, A. Jibril2
ABSTRACT
Testicular trauma results from a direct blow to the testis. Testicular trauma may occur with
multiple and diverse mechanisms.

But, blunt trauma is the most common, particularly in

athletes. Testicular trauma is relatively uncommon in animals. It is defined as an injury to the
testicle as a result of blunt trauma, penetrating abrasion or degloving trauma through the
scrotum and scarcely envisaged in canines. This case report is aimed at describing the clinical
findings, treatment and outcome of testicular evisceration in a 2 year old Nigerian male dog as a
result of trauma. The injury described in this report could be as a result of bite during mating by
other competing dogs around. This case is unique in that the clinical history and the severity of
the condition of the scrotal wound and the eviscerated testicle indicated a complete rupture and
soiling of the parietal tunica vaginalis, which is the layer of fibrous connective tissue surrounding
the testicle. The spermatic cord and the epididymis were intact. The case was managed by
surgical exploration of the trauma site and tissues followed by bilateral orchidectomy under
general anesthesia. The patient was premedicated using 0.02mg-kg atropine, then sedated with
0.5mg-kg xylazine. Anesthesia was induced and maintained with 10mg-kg Ketamine.
Orchidectomy was carried out on both testes by ligating and transecting the spermatic cord
through the traumatic opening. The traumatized scrotal skin was sutured and the sutures were
removed 14 days post-surgery. The patient recovered uneventfully. This case highlights that
despite the low reported incidence of traumatic injury, it should be included among other causes
of scrotal diseases in canines.
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Evisceration,
Canine,
Orchiectomy,
Scrotal,
Surgical,
Testicular,
Trauma
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INTRODUCTION
The testicle is the male gonad, or reproductive organ, responsible for the production of sperm
and androgens (sex hormones), primarily testosterone. The testicle is contained in an extension
of the abdomen called the scrotum. Within the scrotum, the testicle is surrounded by the tunica
vaginalis, epididymis, spermatic cord, and appendix testis which are all important anatomic
structures that may be involved in acute testicular trauma. It is more common in humans,
particularly in athletes, and is relatively rare in animals.
There are several forms of testicular injuries, but the incidence of blunt trauma (63%) was found
to be higher than penetrating trauma (37%) in an investigation in 53 human patients (Altarc,
1994). Testicular trauma is defined as an injury to the testicle as result of blunt trauma,
penetrating injury or degloving trauma through the scrotum in canines (Awasum, 2008) and in
humans (Papoutsoglou and Thiruchelvam, 2013). Blunt trauma is the most common etiology of
testicular injuries (Altarc, 1994), and mostly occur during sport events such as racing assaults or
traffic accidents, and usually involves unilateral testicle (Chandra, 2007).
Penetrating injury occur as a consequence of assaults through sharp objects or animal bite.
Penetrating testicular trauma usually requires scrotal exploration to determine the severity of
testicular injury, to assess the structural integrity of the testis, and to control intra-scrotal
hemorrhage. If the tunica albuginea is violated, early surgical exploration, debridement, and
closure of the tunica albuginea are necessary (Archibald, 1974; Buckley and McAninch, 2006).
The mobility of the scrotum may be one reason for rarity of severe injuries. Given the
importance of preserving fertility, traumatic injuries of the testicle deserve careful attention.
History and a thorough physical examination are essential for an accurate diagnosis. Scrotal
ultrasonography with Doppler flow evaluation is particularly helpful in determining the nature and
extent of injury especially in blunt trauma cases, due to the difficulty of scrotal examination and
the repercussions of missing a testicular rupture (Chandra, 2007).
Additional imaging tests or scrotal exploration is required if testicular rupture is suspected during
clinical findings or when a patient experiences out of proportion pain to the physical examination
findings. Blunt trauma to the testes may manifest as a hematocele or a ruptured testis. The
complete absence of pain in a patient with scrotal swelling and hematoma raises the possibility
of testicular infarction or spermatic cord torsion (Fossum, 2002; Buckley and McAninch, 2006).
Treatment is either conservative or surgical. Conservative treatment is indicated for minor
injuries such as contusion or minor lacerations. Surgical treatment is indicated for more severe
injuries (Boothe, 2000; Bjorling, 2003; Atalan, et al., 2005).
This case report describes the surgical management of an open orchiectomy in a 2 year old
Nigerian local dog following traumatic left testicular evisceration.
CASE REPORT
A 2 year old Nigerian local dog was presented to the Small Animal Clinic of the Veterinary
Teaching Hospital, Usmanu Danfodiyo University Sokoto.
The owner complained about a deep laceration on the scrotal sac that resulted in evisceration
of the left testicle and other scrotal contents which was discovered 2 hours before presentation.
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According to the client, the patient was in good condition, the previous night. He also mentioned
that the dog usually strays at night because of the low level fenced compound where it was kept
and returns in the morning. There was history of vaccination with anti-rabies vaccine and
ivermectin injection was administered 2 months before presentation.
On physical examination, it was found that the patient was in pain, restless. It weighed 20kg.
The rectal temperature was 38.5°C, pulse and respiratory rates were 68 beats/min and 33
cycles/min respectively.
On further examination, the left testicle together with the attached epididymis and efferent duct
were hanging outside the scrotum through a traumatic laceration (Plate 1). The tunica vaginalis
was ruptured and soiled while the testis and the attached epididymis were intact. Another
laceration was found on the left side of the face around the maxillary region (Plate2).
The animal was restless, the ocular mucous membrane was pinkish and the capillary refill time
was less than 2 seconds. Based on the clinical findings, traumatic testicular evisceration was
diagnosed and was planned to be managed by bilateral orchidectomy following the client’s
consent.

Plate 1: Patient on presentation showing the eviscerated testicle (see Arrow)
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Plate 2: Patient on presentation with laceration around the left maxilla (see Arrow)
MANAGEMENT
Pre-surgical evaluation: Blood samples were collected for complete hemogram and all
parameters were within normal physiological limits (Table 1). The capillary refill time was also
measured and it was less than 2 seconds. The rectal temperature was 38.5°C, pulse and
respiratory rates were 70 beats/min and 33 cycles/min respectively. The patient did not have
any anesthetic risk.
Table 1: Pre-surgical hemogram of a Nigerian local dog with testicular evisceration.

Parameters
PCV (%)
RBC (× 106cells/mm3)

Obtained Values
38.00
6.06

*Reference Values
36-55
5.4-8.5

12.20

6-18

Neutrophils (×103cells/mm3)

9.76

3-12

Lymphocytes (×103cells/mm3)

2.074

1-5

Monocytes (×103cells/mm3)

0.244

0.2-15

Eosinophils (×103cells/mm3)

0.000

0.1-0.8

Basophils (× 103cells/mm3)

0.000

0.0-0.0

WBC(×103cells/mm3)

*Hassan and Hassan (2003)
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Premedication and Anesthesia: The patient was premedicated with atropine (LABORATE
Pharmaceuticals, India) at the dose rate of 0.02mg/kg/ IM, then sedated with xylazine (Kepro,
Holland) at the dose rate of 0.5mg/kg after which the inguinal area was clipped and disinfected
with diluted (10%) chlorhexidine gluconate. The patient was induced using ketamine
(LABORATE Pharmaceuticals, India) at the dose rate of 10.mg/kg intravenously.
Surgical Procedure: The wound and the eviscerated left testicle were cleaned with diluted
(10%) chlorhexidine gluconate. The patient was positioned on dorsal recumbency and surgical
drapes were applied to expose only the surgical field (Plate 3).

Plate 3: Exposed surgical Field
The spermatic cord was then maximally exteriorized by reflecting fat and fascia from the parietal
tunic with a gauze. Traction was applied on the testicle and the fibrous attachments between the
spermatic cord tunic and scrotum were removed and these were crushed with 2 haemostatic
forceps proximally and distally. An encircling ligature was placed around the entire spermatic
cord and tunics using size-0 chromic cat-gut (Agary®, China). Trans-fixation ligature proximal to
the first ligature was made by passing the needle between structures within the tunic (Plate 4).
The remaining intact right testicle was popped out through the same opening and the same
procedure as described above was repeated. The wound was closed subcuticularly and the
scrotum was close using interrupted suture pattern with size-0 nylon suture materials (Agary®,
China) (Plate 5).
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Plate 4: Proximal and distal crushing of the Spermatic cord with haemostatic forceps
(Arrow)

Plate 5: Closure of the scrotal wound with size-0 nylon suture materials
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Plate 6: Aseptically prepared facial wound
The area around the wound on the face was shaved aseptically prepared and debrided (Plate
6). Three interrupted suture pattern using size-0 nylon suture material was used to close the
wound. Testicular salvage was not attempted because of the informed owner’s consent for
neutering.
Post-Surgical Management: 2.5% Diclofenac Sodium (Nouvasant Pharm Health ltd, China)
was administered at 2.5mg/kg IM for 3 days (Abubakar et al., 2012). Penstrep (Procraine
penicillin 200,000 IU, Dihydrostreptomycin 250mg) were administered at dosage of 20,000 IU
and 20mg/kg/ IM respectively for 5 days. 50 mg of multivitamin injection (Thiamine hydrochloride
25mg, Riboflavin Sodium 5 Phospahate Niacinamide 50mg, Cyanocobalamin 50mcg, Chlorine
Chloride 25mg, Phenol 0.5% w/v) were also administered IM for 3 days . Oxytetracycline spray
BLUE® was applied topically on the wound. Sutures were removed 14 days post-surgery and
the patient recovered fully.
DISCUSSION
Testicular evisceration in dogs and cats is very rare but it can occur during mating season
through a bite by an aggressive competitor. It can also occur as a result of trauma by a sharp
piercing object, barb-wire or automobile accident (Meige et al., 2008; Halfacree et al., 2011;
Yaygingul et al., 2016; Muresan et al., 2019). In a review (Cerundolo and Maiolino, 2002)
identified infectious, immune-mediated, endocrinological and neoplastic conditions as the most
common etiology encountered for canine scrotal lesions, contrary to traumatic lesions.
Surgical management is indicated for very severe scrotal and testicular injuries. Depending on
the severity and the viability of the affected testicle, surgical intervention to restore and maintain
the sexual capacity and fertility of the patient can be achieved (Lulich et al., 2000; Yaygingul et
al., 2016).
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Penetrating scrotal and testicular trauma in humans account for approximately 15%, while such
information is uncommon in animals (Saleh et al., 2009). The injury described in this report
could be as a result of bite during mating by other competing dogs around. This case is unique
in that the clinical history and the severity of the condition of the scrotal wound and the
eviscerated testicle indicated a complete rupture and soiling of the parietal tunica vaginalis
which is the layer of fibrous connective tissue surrounding the testicle. The spermatic cord and
the epididymis were intact.
Considering the contaminative nature of the wound, the removal of the eviscerated testicle was
considered. However the client requested for complete castration of the patient so as to prevent
further straying behavior. Similar cases were reported in humans especially in pediatrics , where
scrotal bites by dogs as results of attack were reported to involve testicular damage (Rosenthal,
1994; Cummings and Boullier, 2000; Presutti, 2001).
In dogs, a case of scrotal wounds complicated with urethral rupture has been reported by
Yaygingul et al. (2016) and a testicular evisceration sequel to trauma was reported by
Nurhusien et al., (2015) in rabbit. Orchidectomy is usually indicated depending on the viability
and extent of damage to the organs and the surrounding tissues as reported in this case.
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