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SUMMARY

The aim of this study was to establish the effect of non starch 

polysaccharides (NSP), originating from various plant protein sources, on 

broiler intestinal microflora and digestive viscosity. There were 4 treatment 

groups divided according with the amount of crude protein (CP) administrated: 

EG1 (receiving feed containing 34% soybean meal in the 0 to 3 weeks and 30,5 

% soybean meal in the 4 to 6 weeks); EG2 (receiving feed containing 10% high 

quality sunflower meal with 36% CP); EG3 (receiving feed with a low quality 

sunflower meal (27% CP) and EG4 (receiving feed with incorporated pea at a 

level of 15% satisfying the protein and energy requirements). Following plate 

counting the effect of NSP on lactic bacteria showed no difference between 

EG1 (4.81x10

8

) and EG2 (5.17x10

8

). In the case of EG3 group the plate counts 

were 1.61x10

8

 and 1.75x10

8

 for group GE4. However, the number of coliforms 

increased following a reduction in lactic bacteria numbers. We can conclude 

that the presence of coliformic bacteria is clearly dependent on the number of 

lactic bacteria present in the intestinal lumen. Finally our results show the 

correlation between the NSP content of the diet and the viscosity and the 

microflora composition in the broilers intestine. We are also showing that there 

is correlation between the protein and the NSP content of the diet with a direct 

effect on intestinal parameters. 
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INTRODUCTION

Non starch polysaccharides (NSP) of the plant cell wall include cellulose 

and the non-cellulosic polysaccharides pectin and hemicelluloses. They are 

diverse group molecules with varying degrees of water solubility, size, and 
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structure (McDonald, Pethick et al. 2001). In most parts of the world, soya bean 

meal (SBM) is the main protein source for commercial animal feeds. In 

commercial broilers diets, large quantities of SBM are used due to their high 

protein a favourable amino acid composition. 

Water soluble NSP are responsible for the reduction in performance and 

nutrient digestibility in broiler chicks (White, Bird et al. 1981; Fengler and 

Marquardt 1988; Choct and Annison 1990). It is assumed that an increase in 

viscosity of the aqueous fractions, as a result of their viscous properties, is the 

primary mechanism by which these water soluble NSP reduce nutrient 

digestibility (Fengler and Marquardt 1988; Choct and Annison 1992). An 

increase in viscosity of digesta may limit mixing of nutrients with pancreatic 

enzymes and bile acids (Edwards, Johnson et al. 1988). Moreover, movement of 

nutrients towards the gastrointestinal wall is reduced by an increase in digesta 

viscosity, which consequently limits digestion and absorption (Antoniou, 

Marquardt et al. 1981). A second means by which water soluble NSP may 

reduce performance of chicks has also been discussed, namely that the viscous 

character of water soluble NSP, and the excessive stimulation of the intestinal 

microflora is the direct causative agent (Campbell, Classen et al. 1983). 

The aim of this study was to establish the effect of non-starch 

polysaccharides (NSP), originating from various plant protein sources, on 

broiler intestinal microflora and digestive viscosity.

MATERIAL AND METHODS

The experiment was performed during a period of 6 weeks, on 120 broiler 

chickens (hybrid Ross 308) divided in four experimental groups (EG1, EG2, 

EG3 and EG4). The experimental design is described in table 1. The chickens 

from experimental groups were fed in the first period of growth, from hatching

to 3 weeks, with combined forage containing 3025-3194 kcal metabolizable 

energy (ME) and 21.98-22.2% crude protein (CP). In the second period of 

growth from 3 to 6 weeks the combined forage contained 3033-3200 kcal ME 

and 20.02-20.16% CP. Broilers were fed with different amounts of protein as 

presented in table 1.At the age of 6 weeks all birds were slaughtered by cervical 

dislocation in a germ free isolation chamber sterilized by UV (ultraviolet 

radiation). Samples from duodenum and caecum were collected and used for 

viscosity assay and bacterial counting (lactic acid bacteria and coliformic 

bacteria). 

At the age of 6 weeks, after slaughtering, samples of the intestinal content 

were taken (from duodenum and jejunum) in order to determine the intestinal 

viscosity and for bacterial counting. The forage content of NSP was established 

by tabular values (Englyst 1989) and HPLC determination (table 3). The 

intestinal content was inoculated in nutrient broth and incubated at 37 degrees 

Celsius for 24 hours. The culture from nutrient broth was passed on isolation 

medium for lactic bacteria and for coliforms bacteria and incubated for 24 
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hours, at the same temperature. Afterwards, from isolation medium were made 

inoculations in nutrient broth and was determined the total number of coliforms 

and lactic bacteria by the Petri plates method. The determination of intestinal 

viscosity was made at 3 weeks by slaughtering the chickens and sampling the 

intestinal content and respectively at 6 weeks by sampling the content from 

duodenum and jejunum. The viscosity was determined with the Brookfield 

viscosimeter. The statistical method used was Man Whitney test. The 

organization scheme of the experiment is shown in table 1.

Table 1. Experimental design

Period 0-3 weeks

EG1 EG2 EG3 EG4

Compound feed –

period 0-3 weeks 

with 

34% soybean meal

Compound feed –

period 0-3 weeks 

with 10 % sun 

flower meal 

(36% CP)

Compound feed –

period 0-3 weeks 

with 10 % sun 

flower meal 

(27 % CP)

Compound feed –

period 0-3 weeks with 

15% peas

Period 4-6 weeks

EG1 EG2 EG3 EG4

Compound feed –

period 4-6 weeks 

with 

30.5% soybean meal

Compound feed –

period 4-6 weeks 

with 10 % sun 

flower meal 

(36% CP)

Compound feed –

period 4-6 weeks 

with 10 % sun 

flower meal 

(27% CP)

Compound feed –

period 4-6 weeks with 

15% peas

The structure of compound forage used in experiment and the nutritive 

characteristics of the forages are presented in table 2. 

Table 2. Nutritive characteristics of the compound feeds

EG1 EG2 EG3 EG4

Specification 0- 3 

weeks

4-6 

weeks

0- 3 

weeks

4-6 

weeks

0- 3 

weeks

4-6 

weeks

0- 3 

weeks

4-6 

weeks

ME (kcal/kg forage) 3204 3244 3170 3185 3162 3179 3185 3218

Crude protein (%) 22.91 20.16 22.85 20.21 22.54 19.75 22.28 20.20

Lysine (%) 1.27 1.04 1.16 0.95 1.21 1.00 1.3 1.09

Methionine + cystine (%) 0.95 0.73 0.9 0.79 0.92 0.816 0.94 0.74

Calcium (%) 1.03 0.84 1.03 0.84 1.01 0.856 1.05 0.83

Total phosphorus (%) 0.73 0.65 0.8 0.7 0.79 0.682 0.76 0.64

The low average metabolizable energy value of soy bean meal (SBM) is 

caused by the carbohydrate fraction, which consists mainly of non starch 

polysaccharides (NSP) in the range from 160 to 220 g & kg dry matter (Irish 

and Balnave 1993). NSP cannot be digested by the endogenous enzymes of non 

- ruminants and their digestibility is especially low in poultry (Jorgensen, Zhao 

et al. 1996; Leske and Coon 1999). 
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Table 3. Compound feed (CF) content of non-starch polysaccharides

Growth 

period

Specification

NSPs

*

(%)

NSPi**

(%)

NSPt***

(%)

CF with 34% soybean meal 0.86 9.55 10.415

CF with 10 % sunflower meal (36% CP) 1.95 10.79 12.753

CF with 10 % sunflower meal (27% CP) 2.02 11.98 14

Period

0-3 

weeks

CF cu 15% peas 1.087 12.6 13.687

CF with 30.5% soybean meal 0.78 9.46 10.24

CF with 10 % sunflower meal (36% CP) 1.9 10.8 12.25

CF with 10 % sunflower meal (27% CP) 1.96 11.69 13.65

Period 

4-6 

weeks

CF cu 15% peas 1.02 12.67 13.69

* soluble non-starch polysaccharides; ** insoluble non-starch polysaccharides; 

*** total non-starch polysaccharides

Table 4. The evolution of intestinal viscosity at broiler chickens at 3 weeks

Experimental groups

Viscosity (cP) 

small intestine*

Percentage differences

EG1 2.34 100

EG2 2.5 106.83

EG3 2.56 109.4

EG4 2.36 100.85

*p<0.05

RESULTS AND DISCUSSION

In our experiments we have investigated the effect of NSP on intestinal 

viscosity during the first 3 weeks of age and during the finishing period of 4-6 

weeks. In the first 3 weeks, as shown in table 4, the viscosity at intestinal level 

rises with 6.83% for EG2, at EG3 the viscosity raises with 9.4% and with 

0.85% at EG4. At 6 weeks of age the increase in viscosity at the duodenum 

level was with 21.91%, 28.31% at EG3 and 10.04% at EG4. The increases in 

viscosity at the jejunum level were much lower (10.7% at EG2, 21.74% at EG3 

and only 4.34% at EG4). These results show the importance of NSP and protein 

source/level in controlling the viscosity. There is increasing evidence that 

viscous dietary soluble NSP can interfere with nutrient digestion and absorption 

in the single-stomached animals, although consequences differ between species. 

The anti-nutritive effects of NSP, in poultry, (non-starch polysaccharides) have 

been linked primarily to increased viscosity within the small intestine. Non-

starch polysaccharides are heterogeneous group of polysaccharides having 

varying degrees of water solubility, size, and structure and are not digested by 

the avian digestive tract (Santos 2006). According with the previous statement 

we are showing that the increase in NSPs, NSPi and NSPt will result in an 

increased viscosity at intestinal level and also in duodenum and jejunum (Table 

5). Also, it stated in the literature that the NSPs are responsible for the increase 

in viscosity in the intestine (McDonald, Pethick et al. 2001). We have also 
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shown that the level and source of protein will affect the NSP level in the ratio 

and as a consequence the viscosity with a possible direct effect on digestibility.

Table 5. Evolution viscosity at duodenum and jejunum level at 6 weeks

Experimental groups

Viscosity cP

Duodenum*

Viscosity cP

Jejunum*

EG1 2.19 2.99

EG2 2.67 3.31

EG3 2.81 3.64

EG4 2.41 3.12

*p<0.05

In poultry, the microorganisms that colonize the gastrointestinal tract 

during the early posthatch period form a synergistic relationship with their host. 

Gastrointestinal microorganisms have a highly significant impact on the uptake 

and utilization of energy (Choct, Sinlae et al. 2006) and other nutrients and on 

the response of poultry to anti-nutritional factors (such as nonstarch 

polysaccharides (NSP). In order to test the possibility of the non-starch 

polysaccharides being involved in the development of microbiota we have 

counted the lactic and coliformic bacteria presence in gut. We were able to 

show (Table 6) that the number of both, lactic and coliformic bacteria is 

affected by the increase in NSP content of the diet. The strongest inhibition of 

bacterial development is detected for EG3 and EG4 groups. The lack of 

bacterial development could be also related to the fact that the protein levels 

available through the diet, for these two groups were low, taking in account that 

these bacteria are, in part, dependent on the diet in order to avail de protein they 

need to develop and function in the gut. 

Table 6. Evolution of lactic and coliform bacteria number at chickens from 

experimental groups

EG1 EG2 EG3 EG4

Lactic 

bacteria

Coliform

bacteria

Lactic 

bacteria

Coliform 

bacteria

Lactic 

bacteria

Coliform 

bacteria

Lactic 

bacteria

Coliform 

bacteria

4.81×10

8

9.65×10

5

5.17×10

8

3.25×10

6

1.64×10

8

2.96×10

7

1.75×10

8

1.24×10

8

The differences between the three experimental groups are not statistical 

significant with the exception of EG2 and EG3, at which the differences 

between the number of coliform bacteria is significant (p = 0.05). 

We have also established the regression equations and the correlation 

coefficients between the NSP content and the number of lactic and coliform 

bacteria. (table 7, figure 1 and 2). The highest correlation coefficient is detected

between the number of lactic bacteria and the NSPi content (r=0.827) and 

between the number of coliform bacteria, actic bacteria and the NSPi content 

(r=0.849). 
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Table 7. The correlation coefficients between the NSPs, i and t content and the number 

of lactic and coliform bacteria at cecum level

Specification Lactic bacteria Coliform bacteria

NSP s r=- 0.097 (p=0.903) r=-0.309 (p=0.691)

NSP i r=0.827 (p=0.173) r= 0.849 (p=0.151)

NSP t r=-0.821 (r=0.179 ) r=0.658 (p=0.542)
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Figure 1. Polynomial regression of lactic bacteria number at caecum level function of 

combined forage content of NSPi (6 weeks)
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Figure 2. Polynomial regression of coliforms bacteria number at cecum level function of 

combined forage content of NSPi (6 weeks)

Following the polynomial regression results we can conclude that the 

insoluble NSP have a negative influence in regards to growth and development 

of lactic bacteria but will positively stimulate the growth and development of 

coliformic bacteria at the caecum level at the end of finishing period.  
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CONCLUSIONS

In conclusion, different intestinal microbial population (lactic and 

coliformic bacteria) profiles were observed among the experimental groups. The 

effect we have observed on intestinal microbiota and viscosity demonstrates the 

importance of the source and protein level in the diet and also the shows clearly 

that the non-starch polysaccharides are very important in controlling these two 

factors. Finally, if the non-starch polysaccharides modifies the content of the 

intestinal microbiota it is possible that they could act against enteric pathogen 

infections in poultry with the added benefit of improved intestinal health and 

food safety.
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