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  INTRODUCTION 
 

Healthy lambs are very important for the rancher from a 
commercial point of view. In a primary period of life, the 
growth pattern of intestinal colonies is very important. The 
first settled colony is very important because the bacteria 
make intestine a suitable settlement with changing gene 
expression in epithelial cells (Siggers et al. 2007). Artificial 
changes in the lamb’s intestinal flora may change the gut 
environment to a better condition. The new intestinal col-
ony can play its role as a barrier against antigens from mi-
croorganisms and food. The generation of immunophysi-
ologic regulation in the gastrointestinal tract depends on the 

establishment of indigenous microflora. This has led the 
researchers to introduce the novel therapeutic interventions 
based on the consumption of cultures of beneficial live mi-
croorganisms that act as probiotics (Isolauri et al. 2001). 
The gastrointestinal tract of a newborn ruminant is sterile; 
microbes are introduced from the environment and from the 
dam's birth canal and colonize in the gastrointestinal tract 
(Ewaschuk et al. 2004). Using antibiotics in an animal’s 
diet eliminates profitable bacteria and does not make good 
support for cellular immunity system (Heinrichs et al. 
2009) and excess use of antibiotics increases bacterial resis-
tance against them (Langford et al. 2003). With the ban of 
antibiotic growth promoters from animal diets in different 

 

The effects of synbiotic supplementation to the Moghani suckling lambs diet were investigated using 18 
lambs (initial BW 5-6 kg, age 3±2 day) were divided into 3 groups and fed experimental diets for 90 days. 
The dietary treatments were: 1) control (lambs were fed with mother’s milk, along with their normal diets), 
2) control + 3 g of synbiotic and control and 3) control + 6 g of synbiotic for each lamb per day. Feed intake 
(FI), body weight gain (BWG) and feed conversion ratio (FCR) were measured monthly throughout the 
experimental period. Blood samples were taken at the beginning and end of the experiment. Intestinal mi-
croflora was assessed monthly in feces, assaying for coliform bacteria, total aerobics and lactic acid bacte-
ria. Also, at the end of study 4 lambs were slaughtered for assaying intestinal morphology changes. The 
lambs that fed 3 g synbiotic had a higher BW, greater BWG, increased FI and a better FCR compared to the 
control diet although the differences not statistically significant. Supplementation with 3 g symbiotic sig-
nificantly reduced (P<0.05) serum cholesterol levels. Fecal coliform bacteria were reduced and lactic acid 
bacteria increased by supplementation. The results indicate that synbiotic can be used as a growth promoter 
in suckling lamb’s diets and can improve their gut health.  
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areas of the world, it is necessary to investigate potential 
alternatives to maintain good growth performance and good 
intestinal microbial flora as well as controlling the growth 
of harmful bacteria (Yakhkeshi et al. 2011). Thus, replace-
ment of antibiotics with other compounds such as prebiot-
ics, probiotics and synbiotics is considered as a suitable 
solution. Probiotics may be defined as living microorgan-
ism which given to animals, assist in the establishment of 
an intestinal microbial population, which is beneficial to the 
animal and have antagonistic properties against harmful 
microbes (Green and Sainsbury, 2001). Probiotics not only 
are used as a growth promoter, but also can induce immune 
system and have protective effects against many diseases 
(Gibson and Fuller, 2000). Frizzo et al. (2010) and Moore 
(2004) reported that in pre-ruminants, probiotics increase 
BWG, improve FCR and control diarrhea by balancing the 
intestinal microbial populations. In adidition, probiotic in-
creased average daily gain (ADG) and FCR in lambs (Lema 
et al. 2001). 

Prebiotics are non-digestible food ingredients that modify 
the microbial ecology of the colon and improve indices of 
host health (Gibson and Roberfroid, 1995). Most identified 
prebiotics are carbohydrates and oligosaccharides with dif-
ferent molecular structures normally occurring in the ani-
mal diet; dietary carbohydrates such as fiber, are candidate 
as prebiotics, but the most promising prebiotics are non-
digestible oligosaccharides (Patterson and Burkholder, 
2003). Kong et al. (2007) reported that the using prebiotics 
increased ADG and FCR, and reduced the incidence of di-
arrhea in piglets. Deng et al. (2007) reported that Cassiae 
seed can be used as a prebiotic to improve intestinal micro-
flora. They showed that dietary inclusion of this prebiotic 
increased lactobacillus count, and reduced coliform counts 
in the gastrointestinal tract of piglets.  

Synbiotics are defined as a mixture of probiotics and pre-
biotics that beneficially affect the host by improving the 
survival and implantation of the live microbial dietary sup-
plements in the gastrointestinal tract (Gibson and Rober-
froid, 1995). 

Therefore, the objective of the present study was investi-
gating the effect of synbiotic on performance, intestinal 
morphology, blood metabolites and fecal microbial popula-
tion in suckling lambs. 

 

  MATERIALS AND METHODS 
Experimental design and husbandry 
Eighteen 3 ± 2 day old Moghani's Race suckling lambs, 
with an initial BW of 5-6 kg, were selected for the experi-
ment. They were grouped based on their BW. The lambs 
were removed from their ewes and housed individually in a 
lamb house with separated pens, each of which was 

equipped with feeding and watering trough as required for 
lambs. All pens were located in the same lamb house and 
the lambs were randomly allocated. The lamb house was 
equipped with controlled ventilation and the bedding in the 
pens was chopped straw. Suckling lambs were fed 1 L of 
fresh milk from ewes (Table 1) by nipple bottle three times 
per day for 3 months. 
 
 
 
 
 
 

Lambs were assigned randomly to one of 3 treatments. 
Treatments included: 1) control treatment (lambs were fed 
with mother’s milk), 2) control treatment + 3 g of synbiotic 
for each lamb per day and control treatment, 3) control + 6 
g of synbiotic for each lamb per day. Also, after 2 weeks 
from birth, lambs were fed ad libtum with a diet (Table 2) 
formulated to meet their requirements according to NRC 
(1985). Feed Intake (FI), body weight gain (BWG) and feed 
efficiency ratio (FCR) were measured monthly throughout 
the experiment period. 

Table 1 Ewes milk composition

Value  Composition 

18.32 Total dry matter (%) 

26.93 Crude protein (% of dry matter)  

28.85  Fat (% of dry matter)  

3.7 Metabolizable energy (Mcal/kg)  

The Biomin IMBO (Biomin GmbH, Herzogenburg, Aus-
tria) that is a combination of the probiotic strain E. Faecium 
(DSM 3530), a prebiotic (derived from chicory) and im-
mune-modulating substances (derived from sea algae) was 
used as a commercial symbiotic. 

 
Microbial sampling and incubation 
On days 1, 30, 60 and 90, fecal samples were obtained from 
4 lambs in each group. Sterile disposable gloves were used 
to collect the samples into sterile tubes. The tubes were kept 
cool during transfer to the laboratory (Stella et al. 2007). 
Then serial dilutions (10−4 to 10−8) were made. Thereafter, 
the selective media of Plate Count Agar (Merck, Germany), 
De Man Rogosa Sharpe Agar (MRS) (Merck, Germany) 
and MacConkey Agar (Merck, Germany) were used for 
assaying total aerobics; lactic acid bacteria and coliforms, 
respectively. Microbial populations for total aerobics and E. 
coli were counted after aerobic incubation at 37 ˚C for 24 h 
and lactic acid bacteria after anaerobic incubation at 37 ˚C 
for 48 h (Walter et al. 2000). 
 
Intestinal morphology assay 
At the end of the study, 4 lambs in each experimental group 
were slaughtered and duodenum, jejunum, and illeum tissue 
samples were collected to evaluate intestinal morphologic 
changes. The histological indices were measured according 
to Iji et al. (2001) and Garcia et al. (2007). Intestinal tissue 
samples were fixed in 10% formalin and after fixation they 
were dehydrated by graded alcohol in ascending order and 
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then cleared in Xylol. The processed tissue blocks were 
embedded in paraffin. The paraffin blocks were cut in 6µm 
serial sections using a LEICA RM 2145 rotary microtome. 
The sections were floated in warm water (55-60 ˚C) prior to 
mounting on 10% poly L-lysine coated slides. The slides 
were stained by haematoxylin and eosin. Histological indi-
ces were determined by using a computer-aided light mi-
croscopic image analyzer (Analysis Starter, Olympus, Ja-
pan). The villi height and crypt depth were measured and 
calculation was made for villi height: crypt depth rate. 
Mean values of 10 adjacent, vertically oriented villous-
crypt units per section were considered for analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Blood metabolites 
Blood samples were taken via the jugular vein at 1 and 90 
days and stored at -20 ˚C. Serum glucose, triglyceride, cho-
lesterol, albumin, total protein and globulin were measured 
by using the specific kits (Pars Azmoon, Tehran, 2012) and 
spectrophotometry was done by a UV spectrophotometer in 
546 nm wavelength. 
 
Statistical analysis 
A completely randomized design (CRD) was employed. 
One-way analysis of variance was performed using the 
general linear model procedure of SAS (2001) software. 
Duncan’s multiple range test was used for means compari-
son (P<0.05). 

 

  RESULTS AND DISCUSSION 
Performance 
No significant difference was found in FI in the 3 g syn-
biotic group compared to control group at all the days while 
the 6 g synbiotic group showed a significant decrease in FI 
compared the two other experimental groups (P<0.05). 
Moreover, there was no significant difference (P>0.05) in 

BWG between control group and 3 g synbiotic group in 1-
30, 60-90 and 1-90 days of age. The BWG for the 6g sym-
biotic group was significantly lower (P<0.05) compared to 
the other groups. Also, significant differences were found 
in FCR between treatments at 30-60 and 60-90 days of age 
with better performance in the 3 g symbiotic group (Table 
3). 
 
Fecal microbial population 
The population of bacteria in fecal samples was affected by 
synbiotic treatments (Table 4). When compared over all 
day, lambs on 3 g synbiotic treatment had more Lactic acid 
bacteria in their feces especially at 60 days of age. Popula-
tions of Lactic acid bacteria were similar for 3 g and 6 g 
synbiotic groups for all day. Coliform bacteria was reduced 
(P< 0.01) by supplementation. Populations of coliform bac-
teria in 6g synbiotic group were lower compared to the 
other two groups. Total aerobic bacteria were higher 
(P<0.05) for the supplemented groups compared to the con-
trol. All bacteria populations in this experiment demon-
strated significant changes over time. However, no interac-
tion of time and treatment was observed. 

Table 2 Ingredient and chemical composition the diet fed to the suck-
ling lambs 

%  Ingredient 

27 Corn  

40  Barley  

16.4 Wheat bran   

14.9 Soybean meal  

0.5 Mineral and vitamin premix*   

0.5 Calcium carbonate  

0.3 Di calcium phosphate  

0.3  Salt  

17.11 Crude protein  

0.58 Calcium  

0.34 Phosphorus  

2.95 Metabolizable energy (Mcal/kg)  
* Compsition of mineral and vitamin premix (per kg feed): Zn: 4.9 mg; Mn: 4.05 
mg; Cu: 0.45 mg; I: 0.075 mg; Se: 0.1 mg; vitamin A: 2500 IU; vitamin D: 400 
mg and vitamin E: 2.5 IU.  

 
Blood metabolites 
In general results of blood plasma parameters for lambs fed 
the experimental diets indicated that all treatments had little 
effect on blood plasma parameters as the differences in all 
parameters due to treatment effect were not significant ex-
cept for cholesterol levels (Table 5). Cholesterol levels 
were lower (P<0.05) for lambs fed 3 g compared to the con-
trol and 6g group. 
 
Intestinal morphology 
Synbiotic treatment increased (P<0.05) jejunum and ileum 
villus height as compared to control diet (Table 6). The 
highest and lowest villus height in the duodenum and jeju-
num were observed in 6 g synbiotic group (P<0.05). More-
over, no significant difference (P<0.05) was observed be-
tween control and 3 g synbiotic treatments in the villus 
height in duodenum and jejunum, In addition, no significant 
difference (P>0.05) was found between treatments in the 
crypt depth in jejunum and ileum in all ages. However the 
crypt depth in the duodenum was higher (P<0.05) for the 6g 
group than the 3 g group. The 6 g synbiotic supplementa-
tion decreased (P<0.05) the villus height: crypt depth ratio 
compared to 3 g synbiotic and control group in the jejunum. 
 
Performance 
The improvement in performance of suckling lambs fed 3 g 
symbiotic vs. 6 g synbiotic seen in these experiments can be 
attributed to retention of beneficial microbial population in 
digestive tract.  
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Table 3 Suckling lambs performance in response to different treatments

  Treatments    
SEM  

6 g synbiotic 3 g synbiotic Control  
Measurement  

        Feed intake (g/day) 

10.87  99.44b 117.11a  122.9a 1-30 day 

104.15  399.03b 517.66a 424.34a 30-60 day 

84.81  1088.8b 1258.45a 1212.8a 60-90 day 

151.05  529.4b 634.61a  608.77a 1-90 day 

        Weight gain (g/day) 

54.81  154.94b 246.94a 266.67a 1-30 day 

74.88  176.4b  279.44ab 265.00a 30-60 day 

59.44  145.95a 206.93a 192.5a 60-90 day 

120.3  160.42b 244.66a  225.06a 1-90 day 

        Feed conversion ratio 

0.14  0.67a 0.48b  0.55ab 1-30 day 

0.79  2.28a  2.12a  2.28a  30-60 day 

3.56  8.04a  6.38a  7.93a 60-90 day 

0.47  3.36a 2.74b 2.85b  1-90 day 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 Effects of synbiotic on faecal flora (log10/g of faeces) at 0, 30, 60 and 90 day

 P-value   

Treat × day Day  Treatment  
SE Day 90  Day 60  Day 30  Day 0  Treatment  Measurement 

                Total coliforms 

       9.83 9.23 10.45 9.54 Control    

NS  **  **  0.45  8.76 7.99 9.89 9.14 3 g synbiotic   

        7.74 7.62 9.27 9.38 6 g synbiotic   

                 Lactic acid bacteria  
     8.89 5.37 7.49 4.94 Control    

NS  NS  **  0.16  9.99 10.03 9.37 9.96 3 g synbiotic   

       9.55 9.52 10.02 9.00 6 g synbiotic   

                 Total aerobic  
       7.71 9.53 8 8.04 Control   

NS  **  **  0.17  8.92 11.47 10.27 9.4 3 g synbiotic   

        10.13 12.01 10.91 9.5 6 g synbiotic    
* (P<0.05) and ** (P<0.001). 
NS: non significant. 
SE: standard error. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 The effects of treatments on some blood parameters of suckling lambs

  Treatments    
SEM 

6 g synbiotic  3 g synbiotic  Control  
Day  Items  

0.44 6.99 5.84 6.09 0 

0.68  7.08 7.81 5.95 90 
Total protein (g/dL)  

0.3 4.28 4.81 4.96 0 

0.53 4.1 4.87 5.11 90 
Albumin (g/dL)  

0.57 2.71 1.03 1.13  0 

0.94 2.98 2.94 0.84  90 
Glubulin (g/dL)  

2.29 81.38 83.1 76.78 0 

2.98 79.52 73.3 74.20 90 
Glucose (mg/dL) 

2.43 20.96 21.34 19.13 0 

2.37 19.76 18.41 20.98 90 
Triglyceride (mg/dL)  

1.2 54.11 55.232 53.24  0 

1.68 50.65a 48.66b 52.29a 90 
Cholesterol (mg/dL)  

The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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If the synbiotics are added to animal feed in appropriate 
amounts they will lead to improve digestive and absorptive 
functions. Very high dietary levels of synbiotic (6 g for 
each lamb per day), introduce serious challenges to the gas-
trointestinal tract environment such as a decrease in gut pH, 
which in turn decreases FI and lowers the performance in 6 
g synbiotics group. The positive effects of adding 3 g for 
each lamb per day synbiotic to suckling lamb’s diet on their 
performance obtained in this experiment are in agreement 
with the other researchers report (Hillal et al. 2011; Tripathi 
and Karim, 2011; Frizzo et al. 2010). Sudies about dietary 
supplementation including probiotic, prebiotic and syn-
biotic have reported growth promotion, nutrient digestibil-
ity enhancement, and feed efficacy mechanisms in ruminant 
(Ellinger et al. 1980; Salama et al. 2002). Results of studies 
by Krehbiel et al. (2003) and Fleige et al. (2009) indicated 
beneficial effects of using Enterococcus faecium in the 
small ruminants. These data support the benefits of using 
synbiotic on BWG and FCR observed in our experiments. 
Furthermore, synbiotics help to eliminate the harmful bac-
teria and thus increase the utilization of nutrients in the gut 
and improve FCR. 
 
 
Fecal microbial population 
Synbiotics improve the intestinal microbial balance of suck-
ling lambs. Furthermore, it has been known that probiotics 
change gene expression in intestinal cells (Siggers et al. 
2007). The changes in the function of the intestinal tract 
also affect bacterial population and colonization. Synbiotic 
cultures of Lactobacillus spp. cause a challenge in pathoge- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6 The Intestine histomorphological parameters of suckling lamb at 90 days age

  Treatments    
SEM 

6 g synbiotic 3 g synbiotic Control  
Intestine morphology 

        Villus height (µm) 

19.89  493.00a 381.37b  358.15b Duodenum  

15.91  295.81b 396.7a 365.5a Jejunum 

11.55  402.87a 335.63b 324.12b Ileum 

      Crypt depth (µm) 

genic bacteria for obtaining nutrients. Synbiotics reduce 
nutrient availability for harmful bacteria and increase lactic 
acid bacteria colonies in the intestine. The results of the 
present study have shown further that synbiotic increase 
lactic acid and Enterobacteria population, and reduce the 
number of coliforms counts in the intestinal contents. Mann 
et al. (1980) showed that a strain of E. coli, which causes 
illness and death in young lambs, could be tolerated in the 
presence of Lactobacilli and also it has been reported that 
coliforms decrease in calves when an increase of Lactoba-
cilli was found (Bruce et al. 1979). This might result from a 
reduction in pH, which can preventthe growth of many 
pathogens (Fuller, 1977). Moreover, Enterococcus faecium 
is a normal inhabitant in the gastrointestinal tract (Willard 
et al. 2000) and it shows anti- enteropathogenic effects 
against some bacteria, such as E. coli, Salmonella typhi-
murium, Staphylococcus aureus and Clostridium perfrin-
gens (Willard et al. 2000). By decreasing the gut pH 
(Huang et al. 2004) and increasing the population of Lacto-
bacilli bacteria in the gastrointestinal tract, synbiotics can 
cause a reduction in competition for microbial nutrients in 
the host’s gastrointestinal tract and thereby increases avail-
ability of nutrients. This can improve FCR and increase 
BWG in lambs (Lubbadeh et al. 1999; Tripathi et al. 2007) 
as shown for the 3 g synbiotic group. 
 
Blood metabolites 
All the blood metabolites investigated were within the nor-
mal range for pre-ruminants (Tripathi et al. 20011; Keithly 
et al. 2011; Dayani et al. 2011). Serum cholesterol and 
triglyceride levels also were reduced by use of synbiotic in 

9.17  265.54a  213.11b  239.75ab  Duodenum  

Jejunum 6.67  231.17 217.93 259.33 

197.71 Ileum 31.22  219.08 240.20  

  Villus width (µm)    

150.68  165.89  Duodenum  4.69  157.48 

133.32  146.99  142.17  Jejunum 6.21  

Ileum 5.7  132.5 168.787  151.68 

  Villus height/crypt depth (µm)       

Duodenum  0.087  1.50 1.80  1.85  

Jejunum 0.075  1.14b  1.82a  1.58a 

Ileum 0.29  1.63  1.65 1.68 

The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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this study, which agrees with results of Antunovic et al. 
(2006) and Collins and Gibson (1999). Probably synbiotics 
influence blood cholesterol level by inhibition of choles-
terol synthesis, or decrease its level directly by assimilation. 
Also lactobacilli can absorb cholesterol in their membranes 
and therefore reduce cholesterol levels in blood. Some 
gram-positive bacteria such as Lactobacillus and Bifidobac-
teria cause deconjugation of bile acids; this causes reduc-
tion of blood cholesterol and reduces the amount of triglyc-
erides. Sadik (1989) found that lactobacillus concentrate 
supplement significantly increased plasma globulin concen-
trations. Synbiotics can improve lactose absorption and also 
increase gluconeogenesis to increase blood glucose levels 
(De Valdez et al. 1997), However the higher serum glucose 
obtained in synbiotic treatment groups was not significant 
in our study (P<0.01). Theresults however, indicated no 
differences in total serum protein among groups. Similar 
results were obtained by Lather, (1975) and Salem et al. 
(2001). This indicates that, treatment with synbiotic did not 
affect utilization of dietary proteins or protein synthesis in 
liver. 
 
Intestinal morphology 
In this study, intestinal morphological characteristics were 
affected by dietary treatments. The results showed that the 
use of synbiotic improved intestinal morphological charac-
teristics, which can lead to increased feed utilization and 
improve performance. Awad et al. (2009) reported that a 
synbiotic containing Enterococcus faecium increased the 
villi height in jejunum compared to control group. Caspary 
(1992) reported that increasing the villus height leads to 
increased surface area capable of greater absorption of 
available nutrient. Crypts are the principal site of cellular 
proliferation in the intestinal tissue (Potten, 1977) and the 
crypt is considered as the villi factory and deeper crypts 
indicate fast tissue turnover to permit renewal of the villi in 
the gastrointestinal tract (Yason et al. 1987). Also Xu et al. 
(2003) reported that deepening of the crypts depth and 
shortening of the villi can lead to a decrease in nutrient ab-
sorption and increase the secretory function in the gastroin-
testinal tract leading to lower performance. An improve-
ment in gut morphology is not only likely to benefit feed 
utilization and absorption, but may help to prevent oppor-
tunistic indigenous bacterial infections by the maintenance 
of an intact, healthy mucosal epithelium (Dimitroglou et al. 
2009). 
 

  CONCLUSION 
Synbiotics are probably most relevant to suckling lambs 
since these animals have a low immunity to enteric diseases 
and require time to develop a functional and balanced intes- 
 

tinal microflora for the effective utilization of nutrients and 
the inhibition of coliform bacteria. In this study, it is con-
cluded that synbiotics can have a positive effect on lamb 
performance, including improved lamb health and increased 
growth rate. Generally, the growth performance of suckling 
lambs was improved when 3 g synbiotic were supple-
mented in the diet, which increased the beneficial bacteria 
and decrease E. coli population in feces during the time of 
the trial. Except for cholesterol, there was no significant 
difference between the different blood parameters in each 
symbiotic treatment group’s vs. control. More studies are 
needed to elucidate the role of dietary synbiotics during the 
first days of life in lambs when they are more susceptible to 
disease and death. The findings of the current study explain 
the improved growth performance and may help the rancher 
for improve economic efficiency. 
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