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Abstract 
The objective of this experiment was to determine the main intestine dimension changes generated by the non-starch polysaccharides (NSP) content 
of the combined forage and by xylanase utilization in concordance with wheat proportion in the structure of the combined forage (CF) for broilers. 
In this viewpoint, we carried out an experiment consisted of 5 experimental variants, as follows: an EG

1
 experimental group fed with compound forage 

which did not contain wheat in structure, an EG
2
 experimental group fed with compound forage with 60% wheat incorporated into the structure, an 

EG
3
 experimental group with 60% wheat incorporated into the structure plus the amount of 100 ppm xylanase, an EG

4
 experimental group with 30% 

wheat and barley in the same proportion and an EG
5
 experimental group with 50 ppm xylanase and beta glucanase added to the quantity of wheat and 

barley incorporated in EG
4
. At the end of the experiment, successor to chicken killing, we determined the main changes at gut level dimension and 

stomach muscle. By incorporating the proportioned wheat of 60% in the combined forage structure, the intestinal dimensions (length, diameter) get 
changed, and also the width of the stomach muscle. The incorporation of enzymes in the combined structure forage reduced the differences between 
the intestinal dimensions available in the group fed with enzyme and the one that was not fed with enzyme. 

Key words: Wheat, non-starch polysaccharides, xylanase broiler, intestine size. 

Introduction 
Wheat and barley contain high amounts of antinutritive 
carbohydrates that normally impair feed utilization 1-3. The water 
soluble non-starch polysaccharides (NSP)  present in barley and 
wheat increases the intestinal viscosity in the gastrointestinal 
tract impedes digestive enzymes to contact with substrates 4-6. 
Feeding diets rich in barley, rye, oats, triticale and to a lesser 
extent wheat, often results in the production of viscous, wet 
manure7, 8. The chemical nature of NSP differs from one ingredient 
to the other but most NSP generally increase the digestive 
viscosity which interferes with nutrient intake and body growth 9, 
10. The effects of NSP on intestinal structure and function as well 
as measures aimed at reducing their impact on animal productivity 
have been reported in previous studies 11. Although the effects of 
viscous NSP on poultry have been evaluated by previous 
researchers 5, 12, the impact of these compounds at the intestinal 
level has not been widely reported. In the rat, viscous NSP were 
shown to increase intestinal weight and mucosal cell proliferation 
rate 13. 

With respect to the composition of the carbohydrate fraction 
wheat, rye and triticale all contain arabinoxylans, a soluble fraction 
of NSP. This substances may create a viscous environment within 
the intestinal lumen 10. Supplementation of broiler diets with 
appropriate enzymes capable of degrading the xylan backbone of 
the AX has been shown to improve the nutritive value of triticale 
diets 10; The improvement of performance has been suggested to 
be due to the lowered viscosity 14-16. 

Materials and Methods 
Experimental organization scheme: In order to complete the 
objective of this work, we organized one year experiment consisted 
of five experimental groups, as follows: an EG

1
 experimental group 

fed with forage which did not contain wheat structure, an EG
2
 

experimental group fed with compound forage with 60% wheat 
incorporated into the structure, an EG

3
 experimental group with 

60% wheat incorporated plus xylanase in the amount of 100 ppm, 
a EG

4
 experimental group with 30% wheat and barley in the same 

proportion and an EG
5
 that in addition to wheat and barley 

incorporated in compound forage for EG
4
 were added 50 ppm 

xylanase and beta glucanase. This amount is available for the 
period of 3-6 weeks and 0-3 weeks as well. At the age of 6 weeks, 
5 chickens were killed from each experimental variant and the 
intestine dimensions, length, diameter of duodenum, jejunum, 
ileum, cecum, muscle stomach length, width, and stomach wall 
width, were determined. The organizational scheme of the 
experiment is shown in Table 1. 

Analyses of the nutrient content in combined forage: To determine 
the nutritive value of the combined forage offered to broiler 
chickens in our experiments, we applied the standard methods 
according to WEENDE scheme, respectively: DM (%) stove- 
drying at 105°C,  CP ( % ) Kjeldahl method, CF ( % ) Soxhlet 
method,  CC (%) Van Soest method and  soluble and insoluble 
NSP 17. The nutritive characteristics of combined forage used in 
the experiment are shown in Table 2, which shows that in the 
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Growth 

period  

Specifi-

cation 

NSPs* 

(%) 

Percentage 

differences 

NSPi** 

(%) 

Percentage 

differences 

NSPt*** 

(%) 

Percentage 

differences 

Beta-

glucans 

0% barley 0.788  9.46  10.248  - Period  

0-3 weeks 40 % barley 2.564 1.776 10.68 1.22 13.244 2.996 1.72 

0 % barley 0.865  9.55  10.415   Period  

3-6 weeks 40 % barley 2.504 1.639 10.75 1.2 13.254 2.839 1.72 

Table 3. Non-starch polysaccharide content of the combined forages (CF) used in experiment. 

* soluble non-starch polysaccharides. ** insoluble non-starch polysaccharides. *** total non-starch polysaccharides. 

period from 0-6 weeks combined forage for broilers had an energy 
level between 3204-3244 kcal ME and a protein level from 20.16 to 
22.91% in EG

1
, 3173.0 - 3222.8 kcal and 20.11 to 22.97% in EG

2
 and 

EG
3
 and from 3082.2 to 3131.2 kcal ME and a protein level of 19.49 

to 22.25% in EG
4
 and EG

5
 18. 

Biological material used in experiment: The hybrids used for 
meat production in intensive system are tetra-linear biracial, 
obtained through the simple hybridization of two White Cornish 
lines (paternal genotype) and two White Plymouth Rock lines 
(maternal genotype). Actually, the cross-breeding occurs between 
hybrid Cornish cocks and hybrids Plymouth Rock hens. The 
experiments were carried out on meat chickens, the hybrid Ross 
308, Department of Animal Nutrition and Alimentation, from the 
Didactic Station of Banat’s University of Agricultural Sciences 
and Veterinary Medicine from Timisoara. Intestine dimensions in 
broiler chickens determined were as follows: length, diameter of 
duodenum, jejunum, ileum, cecum, muscle stomach length, width 
and stomach wall width. 

Results and Discussion 
According to tabular data and to the determinations performed in 
the laboratory from Dublin University, we obtained the soluble, 
insoluble and total NSP content of the combined forage (Table 3). 
Cereals contain variable amounts of non-starch polysaccharides. 
Some of them, like wheat, contain high amounts of arabinoxylan 
(8.1%), and others, like barley, contain high amounts of beta glucan 
(4.3%) 17. Cereals’ content in NSP increases with cereals’ proportion 
of participation in the structure of combined forage. 

Table 3 shows that regarding the content in NSPs during the 0- 
3 weeks growth period, these have a 60% higher value in compound 
forage given to the experimental groups with a grain structure, 
1.25 percentage points more compared to EG

1
 and in the variants 

with 30% wheat and 30% barley, 1.87 percentage points (p%) 
more. As regards NSPt, they are higher by 0.2 percentage points 
for the 60% wheat groups, and by 1.08 percentage points for the 
30% wheat and 30% barley groups. As regards NSPt, they grow 
with 1, 45 percentage points in 60% wheat groups and with 2.95 
percentage points in 30% wheat and 30% barley groups. 

During the growth period from 3 to 6 weeks, there can be noticed 

Period 0-3 weeks 

EG1 EG2 EG3 EG4 EG5 

CF 

(0 % wheat) 

 

 

 

ME (kcal/kg) 

3204 

CP 22.91% 

CF 

(60 % wheat) 

 

 

 

ME (kcal/kg) 

3173.01 

CP 22.97% 

CF 

(60 % wheat plus 

xylanase 100 ppm) 

 

 

ME (kcal/kg) 

3173.01 

CP 22.97% 

CF 

(30 % wheat 30 % 

barley 

 

 

ME (kcal/kg) 

3082.28 

CP 22.25% 

CF 

(30 % wheat 30 % 

barley plus xylanase 

50 ppm i 50 ppm  

beta glucanase ppm) 

ME (kcal/kg) 

3082 

CP 22.25% 

Period 3-6 weeks 

EG1 EG2 EG3 EG4 EG5 

CF 

(0 % wheat) 

 

 

 

ME (kcal/kg) 

3244 

CP 20.16% 

CF 

(60 % wheat) 

 

 

 

ME (kcal/kg) 

3222.85 

CP 20.11% 

CF 

(60 % wheat plus 

xylanase 100 ppm) 

 

 

ME (kcal/kg) 

3222.85 

CP 20.11% 

CF 

(30 % wheat 30 % 

barley 

 

 

ME (kcal/kg) 

3131.21 

CP 19.49% 

CF 

(30 % wheat 30 % 

barley plus xylanase 

50 ppm and 50 ppm 

beta glucanase) 

ME (kcal/kg) 

3131.21 

CP 19.49% 

Table 1. The organizational scheme of the experiment. 

ME- metabolizable energy, CP-crude protein. 

 
EG1 EG2 EG3 EG4 EG5 

Specification 
Period 

0-3 

weeks 

Period 

3-6 

weeks 

Period 

0-3 

weeks 

Period  

3-6 

weeks 

Period 

0-3 

weeks 

Period  

3-6 

weeks 

Period  

0-3 

weeks 

Period 

3-6 

weeks 

Period 0-

3 weeks 

Period 

3-6 

weeks 

E M (kcal/kg forage) 3204 3244 3173 3222.8 3173 3222.8 3082.2 3131.2 3082.2 3131.2 

Crude protein (%) 22.91 20.16 22.97 20.11 22.97 20.11 22.25 19.49 22.25 19.49 

Lysine (%) 1.27 1.04 1.15 0.94 1.15 0.94 1.17 0.96 1.17 0.96 

Methionine + cystine (%) 0.95 0.73 0.91 0.72 0.91 0.72 0.90 0.72 0.90 0.72 

Calcium (%) 1.03 0.84 1.08 0.89 1.08 0.89 1.10 0.91 1.10 0.91 

Total phosphorus (%) 0.73 0.65 0.72 0.62 0.72 0.62 0.70 0.60 0.70 0.60 

Table 2. The nutritive characteristics of combined forage used for feeding broiler chicken. 
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that the compound forage given to groups who consumed 60% 
compound feed containing wheat had a NSPs of 1.24 percentage 
points higher than the group that had the structure of compound 
forage wheat, and in groups with 30% wheat and 30% barley, the 
NSPs content is 1.87 percentage points higher. NSPt increases by 
0.92 percentage points in the group with 60% wheat and by 2.28 
percentage points in combined forage with 30% wheat and 30% 
barley. 

Anatomic evaluation of intestines of broilers in experimental 
groups: Since the NSP high content leads to changes in intestines 
and muscular stomach after  broilers slaughter, measurements were 
made of these organs, and the values are given in Table 4. In 
studies 19, xylanase supplementation of wheat-based diet 
significantly reduced the size of the duodenum, jejunum, colon 
and pancreas of 21 day broilers and significantly reduced the 
digestive viscosity of pro-ventricle and jejunum of 21 day broilers 
and  the colon of 49 day broilers. These results support previous 
theories 3, 20, 21. Xylanase supplementation of wheat-based food 
reduces the weight of the duodenum, jejunum and pancreas 
(p<0.05) as well  the colon (p<0.01) until 21 days old 22 . 

In the research on broilers fed with different sources of non- 
starch polyglucides 23 the weight of small intestine was higher 

 
EG1 EG2 EG3 EG4 EG5 Specifi-

cation  ± Sx 
CV 

(%)  ± Sx 
CV 

(%)  ± Sx 
CV 

(%)  ± Sx 
CV 

(%)  ± Sx 
CV 

(%) 

Duodenum 

Length 

(cm) 

27 

± 

3.76 

13.92 

34 

± 

0.908 

5.86 

35.9 

± 

1.01 

2.82 

34 

± 

1.58 

4.65 

33.4 

9± 

1.12 

3.36 

Diameter 

(cm) 

0.85 

± 

0.1 

11.76 

1.07 

± 

0.03 

6.26 

0.91 

± 

0.043 

4.74 

1.47 

± 

0.167 

11.33 

1.064 

± 

0.194 

18.26

Jejunum 

Length 

(cm) 

147.6 

± 

6.57 

4.45 

147 

± 

8.8 

5.99 

149.16 

± 

7.22 

4.84 

140.5 

± 

9.34 

6.65 

144.6 

± 

7.25 

5.01 

Diameter 

(cm) 

0.91 

± 

0.1646 

18.09 

1.064 

± 

0.05 

5.09 

0.97 

± 

0.161 

16.61 

1.31 

± 

0.122 

9.32 

1.128 

± 

0.0901 

7.99 

Ileum 

Length 

(cm) 

22.5 

± 

1.931 

8.58 

18.1 

± 

1.955 

10.8 

19.654 

± 

2.041 

10.38 

22.1 

± 

0.64 

2.9 

24.24 

± 

0.678 

2.80 

Diameter 

(cm) 

0.82 

± 

0.0321 

3.89 

1.01 

± 

0.13 

13.3 

0.94 

± 

0.102 

10.84 

0.73 

± 

0.126 

17.17 

0.784 

± 

0.077 

9.78 

Cecum 

Length 

(cm) 

22.5 

± 

1.237 

5.5 

14.1 

± 

0.927 

6.58 

20.404 

± 

0.673 

3.3 

21.7 

± 

0.962 

4.43 

23.24 

± 

0.918 

3.95 

Diameter 

(cm) 

1.09 

± 

0.077 

7.13 

1.756 

± 

0.272 

15.46 

1.73 

± 

0.0932 

5.38 

1.416 

± 

0.267 

18.86 

0.868 

± 

0.2199 

25.34

Muscular stomach 

Length 

(cm) 

6.5 

± 

0.464 

7.13 

5.2 

± 

0.316 

6.08 

6.1 

± 

0.412 

6.76 

6.8 

± 

0.316 

4.65 

6.6 

± 

0.361 

5.46 

Diameter 

(cm) 

5 

± 

0.748 

14.97 

4.4 

± 

0.579 

13.1

5 

5 

± 

0.8 

16.00 

5.7 

± 

0.608 

10.67 

5.146 

± 

0.639 

12.42

Thickness 

(cm) 

0.441 

± 

0.0534 

12.12 

0.534 

± 

0.0654 

12.2

5 

0.436 

± 

0.0365 

8.36 

0.39 

± 

0.1513 

38.2 

0.30 

± 

0.0919 

30.64

Table 4. The main parameters of the internal organs of the chicken used for the experimental variants. 

(p≤0.001) in chickens that ate combined forage with a NSP 
supplementation in the form of guar gum or xanthan gum. 

By including beta glucanase in barley-based compound, there 
were no differences between liver weight and pancreas weight, 
the duodenum, jejunum, ileum and cecum length in chickens fed 
with corn-based forage and those fed with barley-based and beta- 
glucanase24 . 

Table 5 shows that between EG
1
 and EG

2
 regarding the 

parameters of internal organs, length, diameter, and for the muscular 
stomach, length, width and wall thickness we can find the 
following: in duodenum, between its length and its diameter from 
EG

1
 and EG

2
 there were  statistically significant differences (p<0.05). 

Between the size of jejunum of EG
1
 and EG

2
 broilers the differences 

were statistically insignificant. Between the ileum of EG
1
 and EG

2
 

broilers there were significant differences (p<0.05). In cecums there 
were also statistically significant differences (p<0.05). The 
muscular stomachs of broilers of the two groups differed 
significantly regarding the gizzard length and the muscular 
stomach wall diameter. Therefore, it can be concluded that wheat 
NSP lead to changes in dimensions of the main internal organs, 
and changes of length and diameter. 

After adding the specific enzyme for wheat arabinoxylan, it 
results the following changes: between the duodenum, jejunum 
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and ileum of chickens in EG
2
 and EG

3
, those differences were 

statistically insignificant (Table 6). The cecums of the two groups 
present no statistical differences regarding their length (p<0.05). 
Between the muscular stomach of broilers in EG

2
 and EG

3
 there 

were differences in the length and wall thickness (p<0.05). Adding 
the enzyme at 100 ppm reduced size changes that occur between 
groups. 

Substitution of wheat with barley of 50% in compound feed 
structure made the following changes: between the diameter of 
duodenum, jejunum and ileum in broilers EG

3
 and EG

4
 those 

differences were statistically significant (p<0.05) (Table 7) . There 
were also statistically significant differences in the length of the 
muscular stomach. It can be seen that the introduction of barley 
in the structure of the combined forage results in an increase in 
diameter of the intestines. 

Between EG
3
 and EG

5
, regarding the dimensions of internal 

organs, there were the following differences: between the lengths 

 

 Difference 
Specification 

EG3 EG2 Abs. % 

Student’s 

test t 

Length (cm) 35.9 34 +1.9 5.29 0.3472 ns 
Duodenum 

Diameter (cm) 0.91 1.07 -0.16 17.58 0.163 ns 

Length (cm) 149.16 147 +2.16 1.44 0.834 ns 
Jejunum 

Diameter (cm) 0.97 1.064 -0.094 9.69 0.403 ns 

Length (cm) 19.654 18.1 1.554 7.90 0.296 ns 
Ileum 

Diameter (cm) 0.94 1.01 -0.07 7.44 0.403 ns 

Length (cm) 20.404 14.1 +6.3 30.87 0.012* 
Cecum 

Diameter (cm) 1.73 1.756 -0.026 1.50 0.676 ns 

Length (cm) 6.1 5.2 +0.9 14.75 0.016* 

Diameter (cm) 5.0 4.4 0.6 12 0.210 ns 
Muscular  

stomach 
Thickness (cm) 0.436 0.534 -0.098 22.47 0.021* 

Table 6. Significance of differences between digestive system components of EG
3
 and EG

2
. 

L length, L width, D diameter. *p<0.05, ns not significant (p>0.05). 

L length, L width, D diameter.* p<0.05, ns not significant (p>0.05). 

 Difference 
Specification 

EG4 EG3 Abs. % 

Student’s 

test t 

Length (cm) 34 35.9 -1.9 5.59 0.094 ns 
Duodenum 

Diameter (cm) 1.47 0.91 0.56 38.10 0.012* 

Length (cm) 140.5 149.16 -8.66 6.16 0.117 ns 
Jejunum 

Diameter (cm) 1.31 0.97 0.34 25.95 0.021* 

Length (cm) 22.1 19.654 2.446 11.07 0.094 ns 
Ileum 

Diameter (cm) 0.73 0.94 -0.21 28.77 0.036* 

Length (cm) 21.7 20.404 1.296 5.97 0.060 ns 
Cecum 

Diameter (cm) 1.416 1.73 -0.314 22.18 0.075 ns 

Length (cm) 6.8 6.1 0.7 10.29 0.036* 

Diameter (cm) 5.7 5.0 0.7 12.28 0.25 ns 
Muscular  

stomach 
Thickness (cm) 0.39 0.436 -0.046 11.79 0.466 ns 

Table 7. Significance of differences between the digestive system components of EG
4
 and EG

3
. 

of duodenum, ileum and cecums of the two groups there were 
statistically significant differences (p<0.05), and also between the 
cecums’ diameters (Table 8). Significant differences occurred 
between the muscular stomach’s wall thickness (p<0.05) in chicks 
of the two groups. 

Between EG
2
 and EG

4
 there were significant differences in 

duodenum diameter (p<0.05), length of ileum, cecum, its diameter 
and length (Table 9). On the muscular stomach there were no 
significant differences in the length and width. Differences between 
the other dimensions were statistically insignificant. 

Adding enzymes to determine the structure of compound feed 
for EG

5
 determined small differences in intestines size, thus the 

diameter of duodena of this group compared with the diameter of 
the duodena of the group that did not consume enzymes shows 
significant differences (p<0.05) (Table 10). The same significant 
differences appear between the length of ileum from the two groups 
and between length and diameter of cecums. 

L length, L width, D diameter.* p<0.05, ns not significant (p>0.05). 

 

 Difference 
Specification 

EG2 EG1 Abs. % 

Student’s  

 test t 

Length (cm) 34.0 27.0 +7.0 20.58 0.016* 
Duodenum 

Diameter (cm) 1.07 0.85 +0.22 20.56 0.021* 

Length (cm) 147 147.6 -0.6 0.40 1.00 ns 
Jejunum 

Diameter (cm) 1.064 0.91 +0.15 14.09 0.174 ns 

Length (cm) 18.1 22.5 -4.4 24.30 0.021* 
Ileum 

Diameter (cm) 1.01 0.82 +0.19 18.81 0.012* 

Length (cm) 14.1 22.5 -8.4 59.57 0.012* 
Cecum 

Diameter (cm) 1.756 1.09 +0.66 37.58 0.012* 

Length (cm) 5.2 6.5 -1.3 25.00 0.012* 

Diameter (cm) 4.4 5.0 -0.6 13.63 0.29 ns 
Muscular  

stomach 
Thickness (cm) 0.534 0.441 +0.09 16.85 0.036* 

Table 5. Significance of differences between digestive system components of EG
2
 and EG

1
. 
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Conclusions 
By incorporating wheat in the compound forage with 60%, the 
NSP content of compound forages increased up to 1.25 percentage 
points. Substitution of wheat with 50% barley also increased the 
NSP content with 1.87 percentage points compared with the 
combined forage that contains no wheat and barley. By 
incorporating wheat in proportion of 60% in the combined forage 
structure, we obtained changes of intestinal dimensions (the length 
of duodenum, cecum and ileum) or width in the case of the muscular 
stomach (diameter). Substitution of wheat with barley (50%) in 
EG

4
 determined changes in size of the intestines. Enzyme 

incorporation in the combined forage structure reduced with about 
25% the differences available between the intestinal dimensions 
of the group fed with enzyme and the one that did not consume 
enzyme. 

L length, L width, D diameter. * p<0.05, ns not significant (p>0.05). 

 

 Difference 
Specification 

GE4 GE2 Abs. % 

Student’s 

 test t 

Length (cm) 34 34 0 0.00 - 
Duodenum 

Diameter (cm) 1.47 1.07 0.4 27.21 0.012 * 

Length (cm) 140.5 147 -6.5 -4.63 0.403 
Jejunum 

Diameter (cm) 1.31 1.064 0.246 18.78 0.122 

Length (cm) 22.1 18.1 4.0 18.10 0.012 
Ileum 

Diameter (cm) 0.73 1.01 -0.28 -38.36 0.016 

Length (cm) 21.7 14.1 7.6 35.02 0.012 
Cecum 

Diameter (cm) 1.416 1.756 -0.34 -24.01 0.094 

Length (cm) 6.8 5.2 1.6 23.53 0.012 

Diameter (cm) 5.7 4.4 1.3 22.81 0.016 
Muscular  

stomach 
Thickness (cm) 0.39 0.534 -0.144 -36.92 0.094 

Table 9. Significance of differences between the digestive system components of EG
4
 and EG

2
. 

L  length, L  width, D  diameter. * p<0.05, ns not significant (p>0.05). 

 Difference 
Specification 

EG5 EG3 Abs. % 

Student’s 

test t 

Length (cm) 33.4 35.9 -2.5 7.49 0.21 
Duodenum 

Diameter (cm) 1.064 0.91 0.154 14.47 0.347 ns 

Length (cm) 144.6 149.16 -4.56 3.15 0.347 ns 
Jejunum 

Diameter (cm) 1.128 0.97 0.158 14.01 0.094 ns 

Length (cm) 24.24 19.654 4.586 18.92 0.012* 
Ileum 

Diameter (cm) 0.784 0.94 -0.156 19.90 0.036* 

Length (cm) 23.24 20.404 2.836 12.20 0.012* 
Cecum 

Diameter (cm) 0.868 1.73 -0.862 99.31 0.012* 

Length (cm) 6.6 6.1 0.5 7.58 0.094 ns 

Diameter (cm) 5.146 5.0 0.146 2.84 1.00 ns 
Muscular  

stomach 
Thickness (cm) 0.30 0.436 -0.136 45.33 0.028* 

Table 8. Significance of differences between the digestive system components of EG
5
 and EG

3
. 

Llength, L width, D diameter.* p<0.05, ns not significant (p>0.05). 

 

 Difference 
Specification 

EG5 EG4 Abs. % 

Student’s  

test t 

Length (cm) 33.4 34 -0.6 -1.80 0.601 ns 
Duodenum 

Diameter (cm) 1.064 1.47 -0.406 38.16 0.021* 

Length (cm) 144.6 140.5 4.1 2.84 0.530 ns 
Jejunum 

Diameter (cm) 1.128 1.31 -0.182 16.13 0.06 ns 

Length (cm) 24.24 22.1 2.14 8.83 0.012* 
Ileum 

Diameter (cm) 0.784 0.73 0.054 6.89 0.676 ns 

Length (cm) 23.24 21.7 1.54 6.63 0.036* 
Cecum 

Diameter (cm) 0.868 1.416 -0.548 63.13 0.021* 

Length (cm) 6.6 6.8 -0.2 3.03 0.464 ns 

Diameter (cm) 5.146 5.7 -0.554 10.77 0.347 ns 
Muscular  

stomach 
Thickness (cm) 0.30 0.39 -0.09 30.00 0.403 ns 

Table 10. Significance of the differences between the digestive system components of EG
4
 and EG

5
. 
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