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Summary 
 
 This study was conducted because of influence of prebiotics (alphamune) and symbiotic (biomin) on histometrical development 

of small intestine and lymphatic tissue of caecal tonsil have been not reported on broiler chicken. In this study, different parts of 

small intestine and caecal tonsil, which is a major area of gut associated lymphatic tissue (GALT) in chicken were selected. One 

hundred and twenty-five 1-day-old broiler chicks were divided into 3 groups: 1) Control group which were fed only by basal diet, 2) 

Alphamune group which were fed basal diet supplemented with prebiotic (0.5 kg/ton alphamune), and 3) Biomin group, fed basal 

diet supplemented with symbiotic (1 kg/ton biomin). At the end of 42 days, 15 chicks (5 chicks from each group) were selected for 

histomorphometrical study. The samples were taken from different parts of small intestine (duodenum, jejunum and ileum) and 

caecal tonsils and fixed in 10% formalin. The 5-6 µ sections were made by paraffin embedding method and stained by H&E. The 

results showed that although alphamune and biomin have a significant improvement on histomorphological structure of small 

intestine (more significant changes were seen in duodenum) and lymphatic tissue of caecal tonsil, the biomin has a more significant 

improvement. Villous height and thickness, the number of goblet cells, number and depth of intestinal crypt, density and area of 

aggregated lymphatic tissue were increased more significantly in biomin group (P<0.05). The knowledge obtained from this study 

showed that alphamune and biomin are considerable feed additives instead of antibiotic for improvement of histomorphological 

structure of small intestine and its associate lymphatic tissue. 
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Introduction 
 

 In the poultry industry, antibiotics are used 

worldwide to prevent poultry pathogens and disease so 

as to improve meat and egg production. However, the 

use of dietary antibiotics resulted  in common problems 

such as development of drug-resistant bacteria (Sorum 

and Sunder, 2001), drug residues in the body of the birds 

(Burgat, 1999), and imbalance of normal micro flora 

(Andremont, 2000). As a consequence, it has become 

necessary to develop alternatives using either beneficial 

microorganisms or nondigestible ingredients that 

enhance microbial growth. A probiotic is defined as a 

live microbial feed supplement that beneficially affects 

the host animal by improving its microbial intestinal 

balance (Fuller, 1989). On the other hand, a prebiotic is 

defined as nondigestible food ingredient that beneficially 

affects the host, selectively stimulating the growth or 

activity, or both, of one or a limited number of bacteria 

in the colon (Gibson and Roberfroi, 1995). Lactobacilli 

and enterococci are among the wide variety of microbial 

species that have been used extensively as probiotics 

(Patterson and Burkholder, 2003). After feeding of 

probiotics, improvements in growth performance and 

feed efficiency have been reported in broiler chickens 

(Cavazzoni et al., 1998; Jin et al., 1998; Zulkifli et al., 

2000; Kabir et al., 2004; Mountzouris et al., 2007; Samli 

et al., 2007). 

 Recently, Chichlowski et al. (2007) reported that a 

probiotic containing Lactobacilli bifidobacterium ther-

mophilum and Enterococcus
 

faecium increased the 

jejunal villous height and decreased the villous crypt 

depth compared with salinomycin and control. 

Moreover, shorter and thinner villi were associated with 

toxins (Yason et al., 1987; Awad et al., 2006). In 

contrast, longer villi were found in the ileum of adult 

male layers with slight improvement in feed efficiency 

after dietary addition of Bacillus subtilis var. natto 

(Samanya and Yamauchi, 2002) and in broilers after 

addition of E. faecium (Samli et al., 2007) or 

Eubacterium sp. (Awad et al., 2006). Inulin and 

fructooligosaccharides are probably the most commonly 

used prebiotics; several typical probiotics contain either 

of these oligosaccharides, thereby comprising a 

synbiotic. A way of potentiating the efficacy of probiotic 

preparations may be the combination of both probiotics 

and prebiotics as synbiotics. The combination of a 

prebiotic and probiotic in 1 product has been shown to 

confer benefits�beyond those of either on its own 

(Gallaher and Khil, 1999). When evaluating the efficacy 

of potential antibiotic alternatives on bird health and 

productivity, it is also important to analyse the 
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competence of the immune cells in the gut associated 

lymphoid tissue (GALT), because it is routinely involved 

in the surveillance of colonizing microbes as well as in 

interacting with the ingested feed antigens. The effects of 

a synbiotic and a probiotic on the development of 

intestinal histomorphology in association to their 

improvement on GALT in broilers chick is still not 

completely clear. Therefore, the present study was 

conducted to investigate the effects of a symbiotic 

(biominimbo) and a probiotic (alphamune) on broiler 

histomorphometrical of developing small intestinal 

mucosa and caecal tonsil (CT) lymphoid tissue, which is 

a major GALT in poultry. 

 

Materials and Methods 
 

 One hundred and twenty-five 1-day-old broiler chicks 

were obtained from commercial hatchery. The birds were 

randomly divided into 3 groups: 1) Control group which 

were fed only by basal diet, 2) Alphamune group which 

were fed basal diet supplemented with prebiotic (0.5 

kg/ton alphamune which is a yeast extract antibiotic 

alternative, mannan-oligosaccharide), and 3) Biomin 

group, which were fed basal diet supplemented with 

symbiotic (1 kg/ton biomin which is a combination of the 

probiotic strain Enterococcus faecium (DSM 3530), a 

prebiotic (derived from chicory), and immune-

modulating substances (derived from sea algae). 

 At the end of 42 days, 15 chicks (5 chicks from each 

group) were selected for histomorphometrical study. The 

samples were taken from different parts of small 

intestine (duodenum, jejunum and ileum) and caecal 

tonsil and were fixed in 10% formalin. The 5-6 µ 

sections were made by paraffin embedding method and 

stained by H&E. The micrometrical analysis was done 

using Dino-Lite Digital Microscope, Digital Dino-Lite 

Eye-Piece and Dino-Capture 1 software on microphoto-

graphs. 

 
Statistical analysis 
 One way analysis of variance (ANOVA) was 

performed for data analyses. Differences between groups 

were considered to be significant in P<0.05. 

 

Results 
 
 The histomorphometrical measurement results of 

different parts of small intestine and lymphoid tissue of 

caecal tonsil are shown in Tables 1 and 2. 

 

Small intestine 
Duodenum 

 As shown in Table 1, the height and thickness of 

villous, the number and depth of liberkuhn glands and 

goblet cells number of chicken duodenum were increased 

significantly in biomin group compared to control groups 

(P<0.05), but height and depth of liberkuhn glands were 

only increased in alphamune group. These differences 

are also observable in Fig. 1. 

 
Jejunum and ileum 

 No significant changes were seen on jejunum and 

ileum villous height and thickness in different groups. 

The number of jejunal and ilial liberkuhn glands and 

goblet cells number were increased significantly in 

biomin and aphamune groups compared to control group 

(P<0.05). The depth of liberkuhn glands increased in 

biomin group significantly (P<0.05). These differences 

are also observable in Fig. 2. 

 
Table 1: The mean±SD of small intestine histomorphometrical results in different groups 

Factors 

Group 

Intestinal parts 
Villi height 

(mm) 

Villus thickness 

(mm) 

Intestinal crypt depth 

(mm) 

Intestinal crypt 

number in ×4 

Goblet cells number 

in 1 mm length 

    Biomin   1.445±0.046a    0.302±0.64a 0.163±0.006a         29.8±0.734a       121.2±4.81a 

    Alphamune   1.375±0.044a    0.266±0.059b 0.173±0.017a         24.4±0.4b       96±3.53b Duodenum 
    Control 
 

  0.817±0.123b    0.259±0.039b 0.105±0.001b         24±1.08b       100.25±1.11b 

    Biomin   1.015±0.116    0.287±0.039a 0.171±0.013a         28.4±1.122a       135±4.183a 

    Alphamune   0.957±0.146    0.191±0.011b 0.175±0.029a         21.6±0.678b       99±3.535b Jejunum 
    Control 
 

  0.926±0.019    0.216±0.001b 0.150±0.013b         19.25±0.478b       104.75±8.34b 

     Biomin   0.600±0.048b    0.251±0.017 0.204±0.030a         30.4±4.273a       540.2±24.854a 

Ileum     Alphamune   0.708±0.13a    0.218±0.018 0.169±0.018b         23±1.095b       225±26.496b 

     Control   0.586±0.074b    0.222±0.020 0.147±0.016b         20.75±1.03b       165±12.416c 

Different letters in each column indicates significant difference (P<0.05) 

 
Table 2: The mean±SD of caecal tonsil (CT) histomorphometrical results in different groups 

Factors 

Group 
The relative of lymphoid area of CT to 

entire CT circumference 
Height of nodular unit fold (µ) Thickness of nodular unit fold (µ) 

Biomin                       0.983±179a               1.088±0.361a                 0.899±0.064a 

Alphamune                       0.434±0.11b               0.709±0.066b                 0.540±0.087b 

Control                       0.286±0.07c               0.568±0.1c                 0.291±0.07c 

Different letters in each column indicates significant difference (P<0.05) 
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Fig. 1: The increasing of duodenal villus height and thickness in biomin and alphamune compared to control group are considerable 

(H&E, ×4) 

 

 
 

Fig. 2: The increase of the duodenal crypt depth in biomin and alphamune compared to control group is considerable (H&E, ×4) 

 

 
 

Fig. 3: The significant increase of lymphoid tissue, relative lymphoid area of CT to entire CT circumference, height and thickness of 

nodular units in biomin group are considerable (Dino-Lite Digital Microscope Photograph) 

 

 
 

Fig. 4: The density of caecal tonsil lymphoid tissue increased in biomin group which is associated with increasing of height and 

thickness of nodular unit (Micrograph by Dino-Lite Digital Eye-Piece and Dino-Capture 1 software) 
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Caecal tonsil 
 A paired caeca were seen in large intestine in which a 

paired caecal tonsil was situated in the basal part of each 

one. They were recognized easily from other parts by 

more wall thickness and diameter. Caecal tonsil mucosa 

has a different structure; a part of it which contains 

accumulated mass of lymphoid tissue (tonsil) avoids 

villous but instead has thick and high folds containing 

nodular units, so that this part has a thicker wall than 

other parts. The facing wall which is without tonsil is 

covered by long villous, similar to those in small 

intestine and its thickness is less than the tonsil part 

(Figs. 3 and 4). 

 The caecal tonsil lumen is almost closed completely 

by villous and mucosa-submucosa folds of nodular units. 

Nodular units are tonsil like structures formed by 

mucosal-submucosal folds and surrounded by a delicate 

layer of smooth muscle branching out of an inner circular 

muscle layer and muscularis mucosa. Surface epithelium 

has made a deep crypt into the nodular unit, mostly 

covered by short villous. Diffuse and nodular lymphatic 

tissue fills the lamina propria. 

 A more interesting finding is increasing and 

improvement of density and area of aggregated lymphoid 

tissue and the relationship of lymphoid area of CT to the 

entire CT circumference in biomin and alphamune 

groups compared to control group (P<0.05), which 

caused the diameters and wall thickness of CT, height 

and thickness of nodular unit to increase (Table 2). The 

biomin has more significant improvement on lymphatic 

tissue of caecal tonsil compared to alphamune groups. 

The diffuse lymphatic tissue and lymph nodules in 

lamina propria-submucosa were also increased in 

different parts of caecal tonsil. 

 

Discussion 
 

 The results of the present study showed that although 

the alphamune and biomin improved the development of 

histomorphological structure of small intestine and 

caecal tonsil lymphoid tissue of broiler chicken, the 

biomin has more significant improvement which is in 

agreement with Awad et al. (2006). The improvement 

was more effective on duodenum than other parts of 

small intestine. Increasing the villous height suggests an 

increased surface area capable of greater absorption of 

available nutrients (Caspary, 1992). The villous crypt is 

considered as the villous factory and deeper crypts 

indicate fast tissue turnover to permit renewal of the 

villous as needed in response to normal sloughing or 

inflammation from pathogens or their toxins and high 

demands for tissue (Yason et al., 1987) and Anonymous 

(1999). The intestinal epithelial cells originating in the 

crypt migrate along the villous surface upward to the 

villous tip and are extruded into the intestinal lumen 

within 48 to 96 h (Imondi and Bird, 1966; Potten, 1998). 

A shortening of the villi and deeper crypts may lead to 

poor nutrient absorption, increased secretion in the 

gastrointestinal tract, and lower performance (Xu et al., 

2003). In contrast, increases in the villous height and 

crypt depth ratio is directly correlated with increased 

epithelial cell turnover (Fan et al., 1997) and longer villi 

are associated with activated cell mitosis (Samanya and 

Yamauchi, 2002). Longer villi were found in the ileum 

of chicks and turkeys treated with Lactobacillus reuteri 

(Dunham et al., 1993) and in the ileum of adult male 

layers with slight improvement in feed efficiency after 

dietary addition of Bacillus subtilis var. natto (Samanya 

and Yamauchi, 2002). Feeding of probiotics has been 

shown to induce gut epithelial cell proliferation in rats 

(Ichikawa et al., 1999). In addition, longer villi were 

induced by dietary amylase (Ritz et al., 1995). The 

concentrations of amylase in broiler intestine were 

increased after supplementation of diet with either a 

single strain of Lactobacillus acidophilus or a mixture of 

Lactobacillus strains (Jin et al., 2000). Awad et al. 

(2006) reported that the crypt depth was not affected by 

dietary treatment (alphamune and biomin) and synbiotic 

and probiotic supplementations increased villous height: 

crypt depth ratio significantly and the villous height 

numerically compared with the control. However, the 

villous height and crypt depth were increased 

significantly in the present study, particularly in 

duodenum. It is assumed that an increased villous height 

is paralleled by an increased digestive and absorptive 

function of the intestine due to increased absorptive 

surface area, expression of brush border enzymes, and 

nutrient transport systems (Pluske et al., 1996). It is 

understood that greater villous height is an indicator that 

the function of intestinal villi is activated (Langhout et 

al., 1999; Yasar and Forbes, 1999; Shamoto and 

Yamauchi, 2000). This fact suggests that the villous 

function is activated after feeding of dietary synbiotic or 

probiotic. Moreover, increased passive absorption of 

glucose and proline was reported in broiler chickens fed 

a probiotic containing Lactobacilli, B. thermophilum, and 

E. faecium (Chichlowski et al., 2007). The density and 

area of aggregated lymphoid tissue was improved 

significantly also in biomin group, which caused an 

increase in the diameters and wall thickness of CT, 

height and thickness of nodular unit. Spring et al. (2000) 

reported that although mannan oligosaccharides (MOS) 

have been used as the prebiotics they do not selectively 

enrich for beneficial bacterial populations. Instead, they 

are thought to act by binding and removing pathogens 

from the intestinal tract and stimulation of the immune 

system. Other studies have demonstrated positive effects 

of biomin on immune system effectiveness and newly 

described prebiotics can modulate various properties of 

the immune system, including those of the gut-associated 

lymphoid tissues (GALT). Changes in the intestinal 

micro flora that occur with the consumption of prebiotic 

fibres may potentially mediate immune changes via the 

direct contact of lactic acid bacteria or bacterial products 

(cell wall or cytoplasmic components) with immune cells 

in the intestine; the production of short-chain fatty acids 

from fiber fermentation; or by changes in mucin 

production (Schley and Field, 2000). However, 

Janardhana et al. (2009) reported that the addition of 

prebiotics to diet resulted in a significant reduction in the 
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proportion of B cells and in mitogen responsiveness of 

lymphocytes in caecal tonsil. The prebiotic maintain a 

beneficial microbial population by competitive exclusion 

and antagonism (Fuller, 1989). Alphamune, a yeast 

extract antibiotic alternative, has been shown to stimulate 

the immune system increased BW in pigs, and reduce 

Salmonella colonization in chickens (Solis de los Santos 

et al., 2007). Hosseini (2011) reported that 

Saccharomysec cerevisiae has significant effects on 

visceral and immune organs. Lactobacilli and 

enterococci are among the wide variety of microbial 

species that have been used extensively as probiotic 

enhanced concentrations of circulating immunoglobulin 

A (IgA), (Kaila et al., 1992; Akinleye, 2000). Inhibition 

of pathogens by the intestinal microbiota has been called 

bacterial antagonism, bacterial interference, barrier 

effect, colonization resistance, and competitive 

exclusion. Mechanisms by which the indigenous 

intestinal bacteria inhibit pathogens include competition 

for colonization sites, competition for nutrients, 

production of toxic compounds, or stimulation of the 

immune system (Patterson and Burkholder, 2003). These 

findings emphasize the need for the analyses of the gut 

immune function following treatment with novel feed 

additives. The knowledge obtained from such study may 

aid in understanding the mechanisms underlying the 

immune competence of the birds, which needs 

consideration when selecting and optimizing new feed 

additives instead of antibiotics for poultry production. 

Although further work is needed to better define the 

changes, mechanisms for immunomodulation, and the 

ultimate impact on immune health, there is convincing 

preliminary data to suggest that the consumption of 

prebiotics can modulate immune parameters in GALT 

and secondary lymphoid tissues. 

 Alphamune and biomin treatment showed that biomin 

significantly improved and increased the small intestine 

(more significantly in duodenum) histomorpholical 

structure and caecal tonsil lymphatic tissue. Furthermore, 

the dietary supplementations resulted in an increase in 

the villous height and crypt depth of intestinal mucosa of 

broilers, and increasing the lymphoid tissue in caecal 

tonsil might be a promising alternative for antibiotic 

growth promoters as pressure to eliminate antibiotic 

growth promoters in animal feed increases. The synbiotic 

offers a good alternative to improve poultry production. 
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