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histomorphology and gut microbiota in broilers fed wheat-based diets 3 

 4 

Abstract 5 

 6 

The effect of supplementation of probiotic and/or carbohydrase on performance and gut health in 7 

broiler chickens was studied.  8 

Diet 1 (Negative control, NC) was the basal diet with no supplement while diets 2 (Positive 9 

control, PC), 3, 4 and 5 were supplemented with antibiotic, probiotic, carbohydrase and 10 

combination of probiotic and carbohydrase, respectively in a randomized complete block design. 11 

The experiment was carried out at the Poultry Unit of the Teaching and Research Farm, of the 12 

University of Ibadan, Nigeria between March and April, 2013. 240 one-day-old unsexed broiler 13 

chickens (Arbor acre strain) were allotted to 5 diets with 6 replicates of 8 birds each in a 35-day 14 

experiment. On day 35, birds were sacrificed and digesta samples from the duodenum, ileum, 15 

caecum and colon were collected for microbial load count. Digesta viscosity and pH from the 16 

ileum were also determined. Sections of the ileum (5cm posterior to Meckel’s diverticulum) 17 

were obtained for morphological measurements.  18 

Result showed that diet had no effect on the feed intake, dry matter intake and feed conversion 19 

ratio of birds at starter (d 0-21), grower phases (d 22-35) and overall period (d 0-35). Body 20 

weight gain was significantly (P = .05) improved at d 0-21 and 22-35 with the addition of 21 

probiotic and/or carbohydrase but not at d 0-35. Diet had no effect on the microbiota in the 22 

various segments of the GIT of birds. Coliform counts of birds fed diet supplemented with 23 

carbohydrase were significantly (P = .05) higher (5.64 x 106 cfu/ml) than the values in other 24 

diets. The crypt depth, villus height, villus width and villus height:crypt depth ratio were not 25 

affected by diet. Highest digesta viscosity (1072mPa) was recorded in birds on the negative 26 

control while the least digesta viscosity (529mPa) was observed in birds on diet supplemented 27 

with carbohydrase enzyme.  28 

It is concluded that probiotic and/or carbohydrase are viable feed supplements in wheat based-29 

diets for broilers. 30 

 31 
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Antibiotics have been used for decades in animal production. At minimal levels of inclusion in 44 

diets, antibiotics have proven to enhance growth and to increase feed conversion in livestock. 45 

However, the prolonged use of antibiotics as feed supplement in poultry has been a serious 46 

concern because of the potential development of antimicrobial resistance and transfer of 47 

antibiotic resistance genes from animal to human [1]. Though the EU has banned the use of 48 

antibiotics in animal feeds [2,3], antibiotic is still used in several other countries where a similar 49 

legislative legislation is yet to take effect. Consequently, the focus in research has shifted to 50 

other feed supplements such as probiotics, prebiotics, organic acids, acidifiers, enzymes, plant 51 

extracts as alternatives to antibiotics in poultry diets. Several possible mechanisms of these feed 52 

additives have been suggested such as altering of the gut pH [4,5], maintaining protective gut 53 

mucins [6], selecting beneficial intestinal organisms or ones antagonistic to pathogens [7], 54 

enhancing nutrient uptake [8,9] or increasing the immune response [10,11]. Apparently, 55 

probiotics and prebiotics have been shown to reduce serum cholesterol and abdominal fat in 56 

broiler chickens [12,13],  increase performance,  improve resistance to pathogenic bacteria 57 

colonization and enhance host mucosa immunity thus resulting in a reduced pathogen load, and 58 

improved health status of broilers [14,15].  59 

 60 

Wheat is an important source of energy in broiler diets because of its high starch and crude 61 

protein contents [16], but arabinoxylans, the predominant non-starch polysaccharide (NSP) in 62 

wheat can form highly viscous solutions thus increasing the intestinal digesta viscosity. 63 

Increased gut digesta viscosity usually limits contact between digestive enzymes and substrates, 64 

as well as contact between nutrients and absorption sites in the intestinal mucosa. [17] observed 65 

abnormal villi in the ileum of laying hens fed wheat middling-based diets without xylanase 66 

supplementation but these adverse effects were reversed with enzyme addition. Carbohydrase is 67 

a commercial multi-enzyme complex that contains β-glucanase and β-xylanase, amylase and 68 

cellulase. Its addition to appropriate relevant poultry diets usually results in numerous beneficial 69 

effects, such as increased utilization of nutrients, improved apparent metabolizable energy values 70 

and decreased viscosity of intestinal digesta and improved growth performance [18,19,20,21]. It 71 

was therefore the aim of this study to investigate the effect of probiotic (Grow Up® grow up), 72 

carbohydrase and their combination on the performance, gut morphology, intestinal microbiota 73 

and digesta viscosity of broiler chickens fed wheat-based diets.  74 

2. MATERIAL AND METHODS 75 

2.1 Experimental diets and management of birds 76 

Two hundred and forty one-day-old unsexed broiler chicks used for this experiment were 77 

obtained from a local commercial hatchery (CHI Farms, Ajanla, Lagos - Ibadan express way). 78 

The birds were tagged, weighed, and randomly allotted to 5 dietary treatments sorted by body 79 

weight in a completely randomized block design. Each diet had 6 replicates of 8 birds per 80 

replicate. The experimental diets and fresh water were supplied ad libitum during the study 81 

period that lasted for 35 days. 82 

The basal diet was a wheat-soyabean meal diet formulated to meet the nutrient requirements [22] 83 

for starter (0 to 21 days) and grower (22 to 35 days) broilers. Diet 1 was the negative control, NC 84 

(basal without antibiotic); Diet 2 was the positive control, PC (basal with oxytetracycline 85 
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hydrochloride added at the rate 0.105g/kg). Diets 3 and 4 were the NC plus either 10g/kg 86 

probiotic (Lactobacillus sporogenes + Saccharomyces cerevisiae) or 0.5g/kg carbohydrase 87 

(amylase -80000U.A/kg, protease -80000000U.P/kg, xylanase -500000U.X/kg, glucanase -88 

300000U.BG/kg, cellulose -700000U.C/kg, lipase 20000U.L/kg. Diet 5 was the NC together 89 

with both probiotic and carbohydrase. The gross compositions of the experimental diets are as 90 

shown in Tables 1 and 2. The analyzed proximate compositions of the diets are shown in Tables 91 

3 and 4.  92 

At day 35, two birds from each replicate were sacrificed and eviscerated. From each of the birds, 93 

the transverse and longitudinal sections of the ileal tissue were cut and tissues from each group 94 

of birds in replicate were preserved in pre-labeled polyvinyl bottle filled formalin and later 95 

processed for histological examination according to the methods of [23,24]. 96 

 97 

 98 

 99 

 100 

 101 

Table 1. Gross composition (g/ kg) of experimental starter diets (d 0-21) 102 

  Diet1 

Ingredient NC PC NC+Probiotic NC+Carbohydrase 
NC+Probiotic 
+Carbohydrase 

Wheat 550 549.895 540 549.5 559.5 
Soybean meal 270 270 270 270 250 
Fish meal 50 50 50 50 50 
Soybean oil 98.5 98.5 98.5 98.5 98.5 
Dicalcium phosphate2 15 15 15 15 15 
Limestone3 10 10 10 10 10 
DL-meithionine 1 1 1 1 1 
L-lysine 1 1 1 1 1 
Salt 2 2 2 2 2 
Vit-Mineral premix4 2.5 2.5 2.5 2.5 2.5 
Antibiotic 0 0.105 0 0 0 
Probiotic 0 0 10 0 10 
Carbohydrase 0 0 0 0.5 0.5 

Total 1000 1000 1000 1000 1000 
Calculated nutrients and energy 
Crude protein, g/kg 228 228 227 228 221 
ME Kcal/kg 3153 3153 3124 3152 3136 
Crude fiber, g/kg 35.9 35.9 35.6 35.9 34.8 
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Ca, g/kg 10.0 10.0 10.0 10.0 9.98 
Total Phosphorus, g/kg 7.71 7.71 7.67 7.71 7.61 
Non-phytate P, g/kg 4.14 4.14 4.13 4.14 4.10 
Ca:P 1.30 1.30 1.31 1.30 1.31 
Ca:NPP 2.42 2.42 2.43 2.42 2.43 
Amino acid, g/kg      
   Ile 9.24 9.24 9.20 9.24 8.89 
   Leu 16.5 16.5 16.4 16.5 15.9 
   Lys   12.6 12.6 12.6 12.6 12.1 
   Met  4.80 4.80 4.78 4.80 4.70 
  Cys 3.76 3.76 3.73 3.75 3.65 
  Thr 8.20 8.20 8.16 8.20 7.89 
  Trp 3.27 3.27 3.25 3.27 3.13 
  Val 10.4 10.4 10.4 10.4 10.1 

1NC = Negative control, PC = Positive control; 2Contains 22% Ca and 18% P 103 
3Contains 38% Ca; 4Supplied the following per kg DIET: Vit. A, 5484 IU; Vit. D3, 2643 ICU; Vit E,11 IU; Menadione sodium 104 

bisulfite,4.38 mg; Riboflavin, 5.49 mg; d-Vpantothenic acid, 11 mg; Niacin, 44.1 mg; Choline chloride, 771 mg;   Vit B12, 13.2 105 

ug; Biotin, 55.2 ug; Thiamine mononitrate, 2.2 mg; Folic acid, 990 ug; ;  Vit. D3, 881 ICU; Vit E,3.67 IU; Menadione sodium 106 

bisulfite,1.46 mg;  Riboflavin, 1.83 mg; d pantothenic acid, 3.67 mg; Niacin, 4.69 mg;  107 

   108 

 109 

  Table 2. Composition of experimental grower diets (d 22-35) 110 

  Diet1 

Ingredient NC PC NC+Probiotic NC+Carbohydrase 
NC+Probiotic 
+Carbohydrase 

Wheat 620 628.395 618.5 628 618 
Soybean meal 238.5 230 230 230 230 
Fish meal 40 40 40 40 40 
Soybean oil 70 70 70 70 70 
Dicalcium phosphate2 15 15 15 15 15 
Limestone3 10 10 10 10 10 
DL-meithionine 1 1 1 1 1 
L-lysine 1 1 1 1 1 
Salt 2 2 2 2 2 
Vit-Mineral premix4 2.5 2.5 2.5 2.5 2.5 
Antibiotic 0 0.105 0 0 0 
Probiotic 0 0 10 0 10 
Carbohydrase 0 0 0 0.5 0.5 

Total 1000 1000 1000 1000 1000 
Calculated nutrients and energy     
Crude protein, g/kg 218 215 214 215 214 
ME Kcal/kg 3021 3026 3000 3025 2996 
Crude fiberg/kg 35.7 35.3 35.1 35.3 35.0 
Ca, g/kg 9.60 9.58 9.58 9.58 9.58 
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Total P, g/kg 7.52 7.49 7.46 7.49 7.46 
Non-phytate P, g/kg 4.15 4.14 4.13 4.14 4.12 
Ca:P 1.28 1.28 1.28 1.28 1.28 
Ca:NPP 2.31 2.32 2.32 2.32 2.32 
Amino acid, g/kg 
Ile   8.63 8.50 8.45 8.50 8.45 
Leu 15.6 15.4 15.3 15.4 15.3 
Lys   10.7 10.5 10.5 10.5 10.5 
Met  3.56 3.53 3.50 3.52 3.50 
Cys 3.69 3.66 3.63 3.66 3.63 
Thr 7.65 7.53 7.50 7.53 7.49 
Trp 3.07 3.02 3.00 3.02 3.00 
Val 9.85 9.73 9.67 9.72 9.67 

1NC = Negative control, PC = Positive control; 2Contains 22% Ca and 18% P 111 
3Contains 38% Ca; 4Supplied the following per kg DIET: Vit. A, 5484 IU; Vit. D3, 2643 ICU; Vit E,11 IU; Menadione sodium bisulfite,4.38 mg;  112 

Riboflavin, 5.49 mg; d-Vpantothenic acid, 11 mg; Niacin, 44.1 mg; Choline chloride, 771 mg;   Vit B12, 13.2 ug; Biotin, 55.2 ug; Thiamine 113 

mononitrate, 2.2 mg; Folic acid, 990 ug; ;  Vit. D3, 881 ICU; Vit E,3.67 IU; Menadione sodium bisulfite,1.46 mg;  Riboflavin, 1.83 mg; d-pantothenic 114 

acid, 3.67 mg; Niacin, 4.69 mg;  115 

 116 

 117 

 118 

 119 

Table 3. Proximate composition of experimental starter diets (%) 120 

 121 

Variables  NC                  PC               NC + P              NC+ C           NC+ P + C     122 

Dry matter   89.83   90.58   91.20   86.76   93.46 123 

Crude protein  23.18   20.56   23.84   24.28   21.00 124 

Ether extract   11.00   13.00   22.00   22.00   13.00  125 

Ash    7.50   6.00   6.00   5.50   9.00 126 

Crude fibre   4.20   3.50   2.70   1.10   3.00 127 

NFE    54.12   56.94   45.46   47.12              54.00 128 

GE (Kcal/g)  4.54  4.53  4.53  4.53  4.53 129 

NC- Negative control, PC- Positive control, P- Probiotic, C- Carbohydrase, NFE- Nitrogen free extract, GE- Gross energy.  130 

 131 

 132 

 133 

 134 

 135 

 136 

 137 

 138 



6 

 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

Table 4. Proximate composition of experimental grower diets (%) 150 

 151 

Variables  NC                   PC                NC + P               NC + C         NC + P + C       152 

Dry matter   91.46   91.16  91.02   91.38   90.97 153 

Crude protein  24.19    23.63  22.53  21.87  21.87 154 

Ether extract   22.00   21.00   23.00   22.00   23.00  155 

Ash    5.50   6.50   8.50   5.50   8.50 156 

Crude fibre   1.30   0.90   2.30   4.20   3.30 157 

NFE    47.01   47.97  43.67  46.43  43.33 158 

GE (Kcal/g)  4.52  4.53  4.54  4.53  4.54 159 

NC- Negative control, PC- Positive control, P- Probiotic, C- Carbohydrase, NFE- Nitrogen free extract, GE- Gross energy.  160 

 161 

 162 

 163 

 164 

 165 

 166 

 167 

 168 
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 169 

 170 

 171 

 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

2.2 Gut Histomorphometry. 180 

The slides of tissues of the gastrointestinal tract were examined under the light microscope at 181 

x400 magnification and villus height, villus width and crypt depth were measured with the aid of 182 

the graticle in micrometers (µm) and the multiplication factor of 0.138305755. 183 

2.3 Microbial count 184 

Digesta was collected from the duodenum, ileum, caecum and colon of each bird for microbial 185 

count and stored in a sterile container and refrigerated at 4oC [25]. Digesta was mixed in a 10ml 186 

pre-reduced salt medium and serially diluted according to the procedure described by [26] to 187 

examine the count of Lactobacilli (Rogosa, CM 0627, incubated anaerobically 48h) and 188 

coliforms (Mackonkey, CM 0115, incubated aerobically 24h). Gut tissue samples were serially 189 

diluted from 10–7 to 10–3. From each dilution, 0.1ml of the sample was plated onto the 190 

appropriate medium for enumeration of bacteria.    191 

 192 

2.4 Viscosity measurements 193 

Ileal digesta was diluted (1:1) with distilled water and homogenized for 20 min at room 194 

temperature before centrifugation centrifuging at 3500 RPM for 15 min. The viscosity of the 195 

supernatant was measured at 29.1oC and at a shear rate of 60rpm using a viscometer with coaxial 196 

cylinders and a mobile rotor (model NDJ-8S).  197 

2.5 Digesta pH  198 
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The pH of fresh ileal digesta was obtained using a pH meter (Model E-HI98128) immediately 199 

after collection from the specified sections. 200 

2.6 Organs weights  201 

 202 

At day 35, two birds per replicate were sacrificed through cervical dislocation. They were 203 

subsequently opened and the liver, heart, gizzard and pancreas harvested and weighed.  204 

 205 

2.7 Chemical and statistical analyses 206 

The proximate composition of diets was determined by the methods of AOAC [27]. Data 207 

obtained were analysed using ANOVA of SAS [28] and significant level of P = .05 was used. 208 

The treatment means were compared using Tukey HSD. 209 

 210 

 211 

 212 

 213 

 214 

 215 

RESULTS AND DISCUSSION 216 

 217 

The performance of broilers fed wheat based-diets supplemented with antibiotic, probiotic and/or 218 

carbohydrase enzyme at the end of starter and grower phases is shown in Table 5. The dietary 219 

treatments had no effect on the feed intake, dry matter intake and feed conversion ratio of birds 220 

at the two phases or overall. This result is in agreement with observations of [29] and [30] who 221 

reported that supplementation of probiotics had no effect on the performance of broilers in any of 222 

the breeding phase. Similar results were reported for turkey poults by [31] and [32]. 223 

Furthermore, [33] also reported that dietary mannanoligosaccharides and probiotic addition did 224 

not affect the feed intake of young turkeys from 0 to 8 wks of age and Bronze bronze turkeys 225 

from 7 to 21 weeks of age. Supplementation with antibiotic, probiotic and carbohydrase resulted 226 

in significant (P = .05) body weight gain (BWG) at d 0-21 and d 22-35 over the NC diet. Birds 227 

on the probiotic, carbohydrase and probiotic + cabohydrase diets had significantly (P = .05) 228 

higher BWG than those on the NC diet. For the overall period small significance (P = 0.06) was 229 

obtained for BWG in birds on the diets with antibiotic, probiotic, carbohydrase and probiotic + 230 

carbohydrase over those NC and PC diets. The gain: feed was significantly (P = .05) higher in 231 

birds on diets with antibiotic, probiotic, carbohydrase and combination of probiotic and 232 

carbohydrase than those on the NC diets only at d 0-21. There was no effect of diet on the 233 

parameter at d 22-35 and for the overall period. There was no effect of diet on the feed 234 

conversion ratio at any of the phases. [34] has reported similar results for broiler chickens on 235 

days 22 and 42 when enzyme was included in their diets. The report of [20] on the positive effect 236 

of Roxazyme 2G2 on the final weight and weight gain of birds fed 10% or 20 % wheat diets 237 

shows the positive effects of feed enzymes on broiler growth as reported in the current study. 238 

Though [35] did not observe improvement in weight by feed enzyme beyond the brooding, the 239 
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improved BWG of birds even at the grower phase could be due to the ability of birds to carry the 240 

advantage of enzyme supplementation on weight gain from the early starter to grower phase. 241 

[36] has also reported that such improved body weight gain in broilers could be attributed to the 242 

effect of probiotics in improving absorption of nutrients and reducing harmful bacteria that cause 243 

growth depression. Similar to the results of the present study for FCR, [37] reported that 244 

probiotic had no effect on the FCR in broiler chickens. [38] posited that dietary inclusion of 245 

prebiotic and probiotic had no significant effect on feed conversion ratio in broiler chickens 246 

while [9] observed no remarkable effect of diets supplemented with probiotic or symbiotic on 247 

final weight, feed conversion ratio, protein efficiency ratio and protein intake in turkey poults. 248 

Results of the present study showed that gain:feed ratio of birds on the experimental starter diets 249 

was significantly improved. The improvement in gain to feed ratio by probiotic and carbohydrase 250 

is due to improved growth caused by the two feed additives. Probiotic ultimately enhanced the 251 

efficiency of nutrient utilization by reducing the competition between the host and its intestinal 252 

microbial inhabitants, thereby conferring a beneficial effect on the animal health by improving 253 

its intestinal microbial balance. The results of relative weights of organs organs weights and 254 

digesta pH are shown in Table 6. The organ weights and digesta pH were not significantly 255 

affected by supplementation with antibiotic, probiotic, carbohydrase or a combination of 256 

probiotic and carbohydrase. These results are similar to the findings of [39] who reported that 257 

relative internal organ weights of chickens were not influenced by dietary probiotics. Similar to 258 

the findings of [9], the relative weights of the gizzard, heart, liver and pancreas were unaffected 259 

by the supplementation of probiotic and symbiotic to the diets of turkey poults.  260 

Table 5. Performance of birds on experimental diets 261 

  Parameter    
 
Phase/Diet 

Feed intake, 
g/bird 

BWG, 
g/bird 

Dry matter 
intake, g/bird 

Gain:Feed, 
g/kg 

Feed conversion 
ratio 

Day 0-21      
Negative control 1063 482c 960 472c 1.94 
Positive control 1084 617b 974 592b 1.84 
NC + Probiotic 979 697a 894 670a 1.69 
NC + Carbohydrase 1083 670a 967 586b 1.77 
NC + Probiotic + 
Carbohydrase 

 
1091 

 
642a 

 
991 

 
561b 

 
1.88 

SEM 49.9 45.1 45.1 18.3 0.08 
P value 0.4946 0.0401 0.6108 0.0005 0.3515 
Day 22-35      
Negative control 1724 620c 1570 409 2.37 
Positive control 1708 837b 1556 491 2.15 
NC + Probiotic 1740 901a 1588 503 2.20 
NC + Carbohydrase 1769 964a 1617 518 1.95 
NC + Probiotic + 
Carbohydrase 

 
1904 

 
881a 

 
1735 

 
452 

 
2.47 

SEM 87.8 55.2 80.1 37.1 0.20 
P value 0.5333 0.0197 0.5383 0.4098 0.4355 
Day 0-35      
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Negative control 2787 987 2531 449 2.17 
Positive control 2792 1431 2530 515 2.01 
NC + Probiotic 2777 1471 2482 526 2.04 
NC + Carbohydrase 2852 1610 2584 542 1.88 
NC + Probiotic + 
Carbohydrase 

 
2996 

 
1504 

 
2726 

 
489 

 
2.18 

SEM 126.1 147.2 118.0 31.4 0.15 
P value 0.7183 0.0618 0.6429 0.3543 0.5822 

a,b,cMeans with different superscript on same column and in each growth phase are significantly different (P<0.05). 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

Table 6. Organ weight (g/100 g live weight) and digesta pH in broilers on experimental diets 270 

Parameter 
Diet Heart Liver Gizzard Pancreas Digesta pH 
Negative control 0.55 2.70 3.71 0.28 5.03 
Positive control 0.66 2.62 4.21 0.31 5.10 
NC + Probiotic 0.66 3.13 4.49 0.32 4.80 
NC + Carbohydrase 0.63 3.04 3.67 0.34 5.33 
NC + Probiotic + 
carbohydrase 

 
0.69 

 
3.68 

 
4.72 

 
0.34 

 
4.95 

SEM 0.058 0.257 0.405 0.033 0.210 
P value 0.5393 0.0800 0.2501 0.7519 0.5148 
Means with the same superscripts on each column are similar significantly 271 

 272 

273 
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According to [40] the weights of liver, spleen, and heart were not considerably affected by 274 

addition of enzyme to the diet of broilers.  275 

Results of the Lactic Acid Bacteria (LAB) lactic acid bacteria, coliform and total bacteria count 276 

in the duodenum, ileum, caecum and colon of birds are presented in Table 7. There was no effect 277 

of diet on the microbiota in the various segments segment of the GIT of birds except the coliform 278 

in the ileum of birds on the diet supplemented with carbohydrase, which was significantly (P = 279 

.04) higher than that in the other diets. However the LAB in ileum was numerically higher in the 280 

probiotic, carbohydrase and probiotic + carbohydrase diets than the NC and PC diets. Several 281 

workers have reported the effects carbohydrase [41] and probiotics [42,43] have on microbial 282 

population of poultry. In this study, inclusion of probiotics and/or carbohydrase did not affect gut 283 

microbiota in different sections of the GIT of broilers with the exception of coliform in the ileum 284 

of the birds. Coliform count is used as an indicator for determining the presence and population 285 

of pathogen in the intestine. The coliform count was reduced in birds on supplementation with 286 

antibiotic and probiotic as similarly reported by [5], who observed a lowered coliform count in 287 

the ileum of turkey poults fed probiotic and synbiotic diets. This is similar to the report of [7] 288 

that Lactobacilli reduce coliform by competitive exclusion. The results of coliform count in this 289 

study showed an effective modulation of intestinal microflora and significant inhibition of 290 

pathogenic microbes in the antibiotic, probiotic and/or carbohydrase diets. According to [41], 291 

enzymes simply reduce the number of bacteria by increasing the rate of digestion and limiting 292 

the amounts of substrates available to the microflora in the ileum. In contrast to the present 293 

study, coliform count in the ileum of birds on the carbohydrase diet increased significantly when 294 

compared to other diets. This high coliform count on the carbohydrase diet was unexpected. It 295 

could be that in the gut microbiota of normal birds, the results of probiotics or carbohydrase 296 

supplementation are variable because of the difference in origin, strain as well as species of 297 

probiotics or enzyme. The reports of [44] and [45] showed that reduced caecal coliform 298 

populations were noticed in chickens given a diet supplemented with Lactobacilli lactobacilli 299 

strains, isolated from chicken intestine, but the populations of other kinds of bacteria were not 300 

affected. 301 

The pH level in specific areas of the gastrointestinal tract (GIT) is a factor, which establishes a 302 

specific microbial population, and also affects the digestibility and absorptive value of most 303 

nutrients. Most of the pathogens grow in a pH close to 7 or slightly higher. In contrast, beneficial 304 

microorganisms live in an acidic pH (5.8-6.2) and compete with pathogens [46]. [26] reported 305 

that the addition of xylanase reduced the pH in the contents of duodenum and jejunum from pH 306 

5.68 to 5.61, (P = 0.048) and in the contents of the caecum from pH 5.63 to 5.52 (P = 0.017). 307 

However the pH values of 4.80-5.33 obtained in this study were lower than those of [26]. The 308 

intestinal pH recorded in birds fed with dietary supplements was similar to those on the negative 309 

control. This suggests that the inclusion of enzyme to wheat diets reduced the digesta pH to that 310 

of the control diet leading to cleaving of the arabinoxylan in wheat to enhance the production of 311 

more lactic and other volatile fatty acids, thereby causing a reduction in the intestinal pH. This is 312 

supported by the report of [47,48,4]. Similarly, the pH recorded in the probiotic group could be a 313 

result of the fermentative action of lactic acid bacteria on carbohydrate to produce more lactic 314 

acid, resulting in the decrease of pH level. This indicates the germicidal effect of LAB at lower 315 

pH as postulated by [49], who admitted that fermentation of food provides characteristic taste 316 

profiles and lowers the pH, which prevents contamination by potential pathogens. 317 
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Table 7. Gut microbiota (x106 CFU) in broilers on experimental diets 318 

                                                                    Gut section 
Microbiota/Diet       Duodenum  Ileum Caecum Colon  
Lactic acid bacteria    
Negative control 2.87 0.47 1.68 1.77 
Positive control 1.37 0.52 0.23 1.33 
NC + Probiotic 1.98 1.42 1.27 1.50 
NC + Carbohydrase 0.86 2.80 1.19 1.24 
NC + Probiotic + 
Carbohydrase 

 
1.98 

 
3.06 

 
0.75 

 
0.25 

SEM 1.19 1.05 0.77 1.10 
P value 0.8270 0.3963 0.7327 0.8928 
Coliform     
Negative control 3.07 3.10b 1.97 3.26 
Positive control 2.78 1.25c 1.74 1.16 
NC + Probiotic 1.55 1.10c 1.60 2.81 
NC + Carbohydrase 4.33 5.64a 3.87 1.53 
NC + Probiotic + 
Carbohydrase 

2.43 1.37c 2.74 0.75 

SEM 1.12 1.05 1.31 0.97 
P value 0.5233 0.0367 0.7251 0.3253 
Total bacteria count    
Negative control     1.87   0.52  1.66 2.65 
Positive control     0.73   2.17  0.25 0.40 
NC + Probiotic     2.17   1.07  2.85 0.53 
NC + 
Carbohydrase 

    1.20   0.90  2.59 3.06 

NC + Probiotic + 
Carbohydrase 

    1.62  1.33  0.85 1.47 

SEM     0.98   0.92  0.99 1.10 
P value    0.8554  0.5470 0.3114 0.3385 
a,b,cMeans with different superscript in same column and for each microbial specie 319 

are significantly different (P<0.05). 320 

321 
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The results of gut morphology and digesta viscosity are shown in Table 8. The crypt depth, villus 322 

height, villus width and villus height:crypt depth ratio of birds on experimental diets were not 323 

affected by the supplementation. As expected, the addition of probiotic and carbohydrase 324 

significantly (P < 0.05) reduced digesta viscosity compared to the NC diet. There was a 46.8 and 325 

50.6 percentage point reduction in digesta viscosity by addition of probiotic and carbohydrase, 326 

respectively. According to [50] and [51], high gut viscosity decreases the rate of diffusion of 327 

substrates and digestive enzymes and hinders their effective interaction at the mucosal surface. 328 

Inclusion of cereals which are rich in NSP increases the digesta viscosity, reduces apparent 329 

nutrient digestibility, alters bacterial profiles and gut physiology. [52] considered increased 330 

digesta viscosity to be one of the greatest influences of NSP on broiler chicken productivity. 331 

Through enzyme supplementation, as shown in the current study the digesta viscosity is reduced 332 

and nutrient uptake and animal performance are improved [53]. [21] found that enzyme 333 

supplementation of wheat-based diets significantly reduced foregut digesta viscosity of birds. 334 

The reduction in viscosity was achieved primarily by reducing the molecular weight through 335 

hydrolysis of xylan backbone by endo-xylanase into smaller compounds and thus reduction in 336 

viscous effects of the feed because foregut digesta viscosity is directly proportional to the 337 

molecular weight of wheat arabinoxylans [54]. This agrees with the report of [41] and [18] on 338 

the benefits of exogenous enzyme. Thus, the reduced digesta viscosity observed in this study can 339 

be attributed to the effectiveness of carbohydrase in degrading the xylan backbone found in 340 

arabinoxylan, which is the predominant non starch polysaccharide in wheat. The effects of 341 

enzyme supplementation to wheat or barley-based diets on gut morphology have been reported 342 

in turkeys [55]; layers [17] and broilers [23]. The use of exogenous enzymes that promote 343 

hydrolysis of NSPs can increase the height of villi and the proportion height-to-depth of the 344 

crypts, and lower the bacterial activity of the GIT as well [56]. [57] reported that the jejunum of 345 

birds fed a diet containing 60% barley without β-glucanase showed shortening, thickening and 346 

trophy of the villi and decreased number of globlet cells compared to those fed a corn-soy diet. 347 

Similarly, significant improvement in the gut morphology in turkey poults fed corn-soybean 348 

meal supplemented with probiotic or synbiotic was reported by [5]). According to [58], an 349 

increased villus height is paralleled by an increased digestive and absorptive function of the 350 

intestine due to increased absorptive surface area, expression of brush border enzymes and 351 

nutrient transport systems. The villus crypt is considered as the villus factory and deeper crypts 352 

indicate fast tissue turnover to permit renewal of the villus as needed in response to normal 353 

sloughing or inflammations from pathogens or their toxins and high demands for tissue [59]. 354 

Crypt depth is implicated in the production of enterokinase – a proteolytic enzyme that changes 355 

inactive trypsinogen to trypsin, which helps in digestion of protein. Increased crypt depth 356 

indicates high mucosal secretion [60] and cell turnover [59]. [61] and [5] observed deeper crypt 357 

depth in the gut mucosa of broiler chickens and turkey poults respectively when fed with 358 

probiotic and mannanoligosaccharide mannaoligosaccharide, as compared to those fed antibiotic 359 

supplemented diet. Increase in villus height to crypt depth ratio is related to an increase in 360 

digestion and absorption as reported by [62]. Similarly, [56] reported a lower villus length-to-361 

crypt depth ratio in broiler chickens fed the rye-based diet than in those fed the corn- or rye-362 

based diet supplemented with xylanase and β-glucanase. Supplementation of diets with probiotic 363 

and/or carbohydrase had no substantial effect on the villi to crypt ratio in this study.  364 
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Table 8. Gut morphology (mm) and digesta viscosity (mPa) in broilers on experimental diets 365 

Parameter 
 
Diet 

 
Crypt depth 

 
Villus 
height 

 
Villus 
width 

Villus 
height:crypt depth 

Digesta 
viscosity 

Negative control 1.03 9.23 1.67 8.86 1072a 
Positive control 1.48 10.6 1.67 7.28 661c 
NC + Probiotic 1.32 12.7 2.05 10.1 570cd 
NC + Carbohydrase 1.06 8.66 1.48 8.67 529d 
NC + Probiotic + 
carbohydrase 

1.15 8.90 1.39 8.33 772b 

SEM 0.201 1.38 0.287 1.11 108.6 
P value 0.4790 0.2354 0.5536 0.5300 0.0341 
a,b,c,dMeans with different superscript in same column are significantly different (P<0.05). 366 

 367 

 368 

 369 

CONCLUSION 370 

The present study showed that inclusion of probiotic and/or carbohydrase to wheat based-diets in 371 

35-day-old broilers did significantly improve feed intake, dry matter intake and feed conversion 372 

ratio. Probiotic and carbohydrase enzyme supplementation resulted in improved BWG at starter 373 

and grower phases and the gain:feed at starter phase over the diets with or without antibiotic.  374 

Organ weights and gut microflora were not affected by diet. The digesta viscosity was reduced 375 

by probiotic and carbohydrase enzyme supplementation. The villus height, crypt depth and their 376 

ratio were not affected by diet.  377 

It can be concluded that probiotic and/or carbohydrase are viable feed supplements in wheat 378 

based-diets for broilers. 379 

References 380 

 381 

1. Mathur S, Singh R. Antibiotic resistance in food lactic acid bacteria: a review. 382 

International Journal of Food Microbiology. 2005; 105: 281–295.  383 

 384 

2. EU (European Commission). Regulation 1831 of the European Parliament and of the 385 

Council of 22 September 2003 on additives for use in animal nutrition. Official Journal of 386 

European Union L. 2003; 268/29. 387 

 388 

3. EU (European Communities). Commission of the European Communities, Commission 389 

Regulation No. 1831/2003. Official Journal of European Union. 2006; 268: 29–43. 390 

 391 



15 

 

4. Williams J, Mallet S, Leconte M, Lessire M, Gabriel I. Effects of fructo-oligosaccharides 392 

or whole wheat on the performance and digestive tract of broiler chickens. British Poultry 393 

Science. 2008; 49(3): 329-339.  394 

 395 

5. Agboola AF, Aroniyo  I, Suberu SA, Adeyemi WT. Dietary supplementation of 396 

probiotics and synbiotics on intestinal microbial populations and gut morphology of 397 

turkey poults. African Journal of Livestock Extension. 2014a; 14:13-20. 398 

 399 

6. Kim JJ, Khan WI. Goblet cells and mucins: Role in innate defense in enteric infections. 400 

Pathogens 2013; 2 (1): 55-70. 401 

 402 

7. Kizerwetter-Swida M, Binek M. Protective effect of potentially probiotic Lactobacillus 403 

strain on infection with pathogenic bacteria in chickens. Polish Journal of Veterinary 404 

Science. 2009; 12:15-20. 405 

 406 

8. Markovic R, Šefer D, Krstic M, Petrujkic B. Effect of Different Growth Promoters on 407 

Broiler Performance and Gut Morphology. Archives of Medical Veterinary. 2009; 408 

41:163-169. 409 

 410 

9. Agboola AF, Omidiwura BRO, Odu O, Adeyemi WT, Suberu SA, Aroniyo I, et al. 411 

Influence of dietary supplementation of probiotics and symbiotics on growth 412 

performance, nutrient digestibility and organ weights in turkey poults. Ibadan Journal of 413 

Agricultural Research. 2014b; 10 (10) (In Press).  414 

 415 

10. Midilli M, Alp M, Kocabağli N, Muğlalı ÖH, Turan N, Yılmaz H, et al. Effects of dietary 416 

probiotic and prebiotic supplementation on growth performance and serum IgG 417 

concentration of broilers. South African Journal of Animal Science. 2008; 38, 21-27. 418 

 419 

11. Irani M, Gharahveysi S, Rahmatian R, Zamani M, Pour VR. The effect of butyric acid 420 

glycerides on serum lipids and carcass analysis of broiler chickens. African Journal of 421 

Biotechnology. 2011; 10(53):11087-11092. ISSN 1684-5315. 422 

 423 

12. Yusrizal N, Chen TC. Effect of adding chicory fructons in feed on broiler growth 424 

performance, serum cholesterol and intestinal length. International Journal of Poultry 425 

Science. 2003; 2: 214-219. 426 

 427 

13.  Gaggia F, Mattarelli P, Biavati B. Probiotics and prebiotics in animal feeding for safe 428 

food production. International Journal of Food Microbiology. 2010; 141: S15–S28. 429 



16 

 

 430 

14. Yalcinkaya I, Gungor T, Basalan M, Erdem E. Mannan oligosaccharides (MOS) from 431 

Saccharomyces cerevisiae in broilers: Effects on performance and blood biochemistry. 432 

Turkish Journal of Veterinary Animal Science. 2008; 32: 43-48 433 

 434 

15.  Choct M. 2009. Managing gut health through nutrition. British Poultry Science, 50, 9–435 

15. 436 

 437 

16.  Gutierrez A, Verstegen MW, Den Hartog LA, Perez P, Villamide MJ. Effect of wheat 438 

cultivar and enzyme addition to broiler chicken diets on nutrient digestibility, 439 

performance and apparent metabolizable energy content. Poultry Science. 2008; 87: 759-440 

767. 441 

 442 

17. Jaroni MA, Scheideler SE, Beck MM, Wyatt C. The effect of dietary wheat middling and 443 

enzyme supplementation 11: Apparent nutrient digestibility, digestive tract size, gut 444 

viscosity and gut morphology in two strains of leghorn hens. Poultry science. 1999; 78: 445 

1664-1674. 446 

 447 

18. Broz J, Ward NE. Effect of enzyme supplementation of feed enzymes in combating 448 

metabolic challenges and disorders. Journal Applied Poultry Research. 2007; 16: 150-449 

159. 450 

 451 

19. Guilherme F, Goulart CC, Figueiredo DF, Oliveira CFS, Silva JHV. Economic and 452 

environmental impact of using exogenous enzymes on poultry feeding. International 453 

Journal of Poultry Science. 2008; 7: 311-314. 454 

 455 

 456 

20. Agboola AF, Fagbemi MA, Oluwadamilare EI, Majolagbe OH. Effect of Roxazyme G2G 457 

supplementation on performance and carcass characteristics of broilers fed wheat-based 458 

diets. International Journal of Agriculture and Biosciences 2013. 2(6): 321-326. 459 

www.ijagbio.com. 460 

 461 

21. Agboola AF, Inyang UO, Awoyemi OM. Digesta viscosity and ileal morphology of 462 

broilers fed wheat-based diets supplemented with Roxazyme G2G enzyme. Editors. 463 

Abdullah A-R, Tayo GO, Okubanjo AO, Akinsoyinu OA. Positioning Animal Production 464 

in the Agricultural Transformation. Proceedings of the 39th Annual Conference of Nigeria 465 

Society for Animal Production, March 16-19, 2014 at Babcock University, Ilishan-Remo, 466 

Ogun State, Nigeria. 2014c; 352-355.  467 

 468 

22. National Research Council (NRC). Nutrient Requirements of Poultry. 9th ed. Editor. 469 

National Academy Press: Washington. DC. 1994; 35-39. 470 

 471 



17 

 

23.  Iji PA, Hughes RJ, Choct M, Tivey DR. Intestinal structure and function of broiler 472 

chickens on wheat based diets supplemented with  a microbial enzyme. Asian-Australian 473 

Journal of Animal Science, 2001 ; 4:54-60. 474 

 475 

24. Ewuola EO, Imam TK, Amadi CU. Ileal mucosal development and growth indices in 476 

rabbits fed dietary natural growth promoters. Editors: Adeniji AA, Olatunji EA, Gana ES. 477 

Value re-orientation in animal production: A key to national food security and stable 478 

economy. Proceeding of the 36th Annual Conference, Nigerian society for Animal 479 

Production (NSAP), 2011 March 13-16; University of Abuja, Abuja, FCT, Nigeria. 2011; 480 

330-332. 481 

 482 

25. Cowan ST. Identification of medical bacteria. 2nd ed. Cambridge University Press. 483 

London; 1981. 484 

 485 

26. Engberg RM, Hedemann MS, Steenfeldt S, Jensen BB. Influence of whole wheat and and 486 

xylanase on broiler performance and microbial composition and activity in the digestive 487 

tract. Poultry Science, 2004; 83:925-938. 488 

 489 

27. AOAC. Association of Official Analytical Chemists Official methods of analysis. 16th ed. 490 

Arlington, V.A., USA.; 2000  491 

 492 

28. SAS. Statistical Analysis System, SAS users guide: statistics. SAS institute Inc. cary, 493 

N.C. USA; 2008. 494 

 495 

29. Loddi MM, Gonzalez E, Takita TS, Mendes AA, Roca RO, Roca R. Effect of the use of 496 

probiotic and antibiotic on the performance, yield and carcass quality of broilers. 497 

Reviews Braileiros Zootecnia, 2000; 29:1124–1131. 498 

 499 

30. Willis WL, Reid L. Investigating the effects of dietary probiotic feeding regimens on 500 

broiler chicken production and Campylobacter jejuni presence. Poultry Science. 2008; 501 

87:606-611. 502 

 503 

31. Zdunczyk Z, Juskiewicz J, Jankowski J, Biedrzycka E, Koncicki A. Metabolic response 504 

of the gastrointestinal tract of turkey to diets with different levels of mannan-505 

oligosaccharide. Poultry Science. 2005; 84:903–909. 506 

 507 



18 

 

32. Stanczuk J, Zduńczyk Z, Juśkiewicz J, Jankowski J. Indices of response of young turkeys 508 

to diets containing mannan oligosaccharide or inulin. Veterinary Zootechnology. 2005; 509 

31: 98-101. 510 

 511 

33. Cömert N. The effects of avilamycin, bio-moss, cylactin and yucca schidigera extract 512 

added to the corn-soybean meal based diets on fattening performance, slaughter results 513 

and some blood and intestinal parameters of male broiler turkey. Ph.D Thesis. Ankara 514 

University Graduate School Natural and Applied Sciences, Animal Science Department. 515 

2004. 57. 516 

34. Lu H, Adedokun SA, Preynat A, Legrand-Defretin V, Geraert PA, Adeola O, et al. 517 

Impact of exogenous carbohydrases and phytase on growth performance and nutrient 518 

digestibility in broilers. Canadian Journal of Animal Science. 2013, 93(2): 243-249, 519 

10.4141/cjas2012-138. 520 

35. Yeo J, Kim KI. Effect of feeding diets containing an antibiotic, a probiotic or yucca 521 

extract on growth and intestinal urease activity in broiler chicks. Poultry Science. 1997; 522 

76: 381–385. 523 

36. El-Nagmy KY, Ghazalah AA, Bahakim AS. The effect of probiotics supplement on 524 

performance of broiler chicks fed diets varying in protein content. 4th World Poultry 525 

Conference, Sharm El- Sheikh, Egypt. 2007; 27-30. 526 

 527 

37. Racevičiūtė-Stupelienė A, Šašytė V, Gružauskas R, Šimkus A. Influence of probiotic 528 

preparation yeasture-w on the productivity and meat quality of broiler chickens. 529 

Biotechnology in Animal Husbandry. 2007; 23:543–550. 530 

38. Jung SJ, Houde R, Baurhoo B, Zhao X, Lee BH. Effects of galactooligosaccharides and a 531 

Bifidobacteria lactis-based probiotic strain on the growth performance and fecal 532 

microflora of broiler chickens. Poultry Science. 2008; 87: 1694–1699. 533 

39. Konca Y, Figen K, Selim M. Effects of mannan-oligosaccharides and live Yeast in diets 534 

on the carcass, cut yields, meat composition and colour of finishing turkeys. Asian 535 

Australasian Journal of Animal Science. 2009; 22: 550 – 556. 536 

40. Iyayi EA, Yahaya BA. Performance of broilers maintained on diets supplemented with 537 

commercial polysaccharidase enzyme in the Tropics. Tropical Animal Production 538 

Investigation, 1999; 122-130. 539 

41. Bedford MR. Antibiotic growth promoters from poultry diets: implications and strategies 540 

to minimize subsequent problems. World Poultry Science Journal. 2000; 56: 347 – 365. 541 

42. Higgins SE, Higgins JP, Wolfenden, AD, Henderson SN, Torres-Rodriguez A, Tellez G, 542 

et al. Evaluation of a Lactobacillus-based Probiotic Culture for the Reduction of 543 

Salmonella enteritidis in Neonatal Broiler Chicks. Poultry Science. 2008; 87:27–31. 544 



19 

 

43. Vila B, Fontgibell A, Badiola I, Esteve-Garcia E, Jiménez G, Castillo M, et al. Reduction 545 

of Salmonella enterica var. enteritidis colonization and invasion by Bacillus cereus var. 546 

Toyoi inclusion in poultry feeds. Poultry Science. 2009; 88:975–979. 547 

44. Watkins BA, Kratzer FH. Effect of oral dosing of Lactobacillus strains on gut 548 

colonization and liver biotin in broiler chicks. Poultry Science. 1983; 62:2088-2094. 549 

45. Jin LZ, Ho YW, Abdullah N, Jalaludin S. Growth performance, intestinal microbial 550 

populations and serum cholesterol of broilers fed diets containing Lactobacillus cultures. 551 

Poultry Science. 1998; 77, 1259-1265. 552 

46. Rahmani HR, Speer W. Natural additives influence the performance and humoral 553 

immunity of broilers. International Journal of Poultry Science.2005; 4 (9): 713-717. 554 

47. Howard MD, Kerley MS, Gordon DT. Effect of dietary addition of fructooligosaccharide 555 

on colonic microflora populations and epithelial cell proliferation in neonatal pigs. 556 

Journal of Animal Science. 1993; (1): 71-77. 557 

48. Choi KH, Namkung H, Paik IK. Effects of dietary fructooligosaccharides on suppression 558 

of intestinal colonization of Salmonella typhimurium in broiler chickens. Korean Journal 559 

of Animal Science; 1994; 36:71-284. 560 

49. WGO (World Gastroenterology Organization). Probiotics and Prebiotics. World 561 

Gastroenterology Organization Practice Guidelines. 2008. 562 

50. Edwards CA, Johnson II, Read NW. Do viscous polysaccharides slow absorption by 563 

inhibiting diffusion or convection? European Journal of Clinical Nutrition. 1988; 42: 307-564 

312. 565 

51. Ikegami S, Tsuchihashi F, Harada H, Tsuchihashi N, Nishide E, Innami S.Effect of 566 

various indigestible polysaceharides on pancreatic – biliary secretion and digestive 567 

organs in rats. Journal of Nutrition. 1990; 120: 353-360. 568 

52. Smith CHM, Annison G. Non-starch polysaccharides in broiler nutrition: towards a 569 

physiological valid approach to their determination. World’s Poultry Science Journal. 570 

1996; 52: 203-221. 571 

53. Bedford MR. 2001. The role of carbohydrases in feedstuff digestion, in: Editors Mcnab, 572 

J. & Boorman, K. N. Poultry feedstuffs: Supply, composition, and nutritive value, (CAB 573 

international, Edinburgh, UK). 2001; 319-336. 574 

54. Bedford MR, Classen HL. An in-vitro assay for prediction of broiler intestinal viscosity 575 

and growth when fed rye based diets in the presence of exogenous enzymes. Poultry 576 

Science. 1993; 72: 137-143. 577 

55. Ritz CW, Hulet RM, Self BB, Denbow DM. Growth and intestinal morphology of male 578 

turkey as influenced by dietary suplementation of amylase and xylanase. Poultry Science. 579 

1995; 74: 1329 – 1334. 580 



20 

 

56. Mathlouthi N, Lallès JP, Lepercq P, Juste C, Larbier M. Xylanase and glucanase 581 

supplementation improve conjugated bile acid fraction in intestinal contents and increase 582 

villus size of small intestine wall in broiler chickens fed a rye-based diet. Journal of 583 

Animal Science. 2002; 80:2773-2779. 584 

57. Viveros A, Brenes A, Pizarro M, Gastano M. Effect of enzyme supplementation of a diet 585 

based on barley and autoclave treatment on apparent digestibility, growth performance 586 

and gut morphology of broilers. Animal Feed Science Technology. 1994; 48: 237-251. 587 

58. Caspary W.F. 1992. Physiology and pathophysiology of intestinal absorption. American 588 

Journal of Clinical Nutrition. 1992; 55(1); 299S-308S. 589 

59. Yason CV, Summers BA, Schat KA. Pathogenesis of rotavirus infection in various age 590 

groups of chickens and turkeys: Pathology. American Journal of Veterinary Research.  591 

1987; 6:927–93. 592 

60. Chiou PWS, Lu TW, Hsu JC, Yu B. Effect of different sources of fiber on the intestinal 593 

morphology of domestic geese. Asian-Australasian Journal of Animal Science. 1996; 594 

4:539–550. 595 

61. Oliveira MC, Rodrigues EA, Marques RH. Gravena RA, Guandolini  GC, Moraes VMB. 596 

Performance and morphology of intestinal mucosa of broilers fed mannan-597 

oligosaccharides and enzymes. Arquivo Brasileiro de Medicina Veterinária e Zootecnia, 598 

Belo Horizonte. 2008; 60 (2)  599 

62. Montagne L, Pluske JR, Hampson DJ. A review of interactions between dietary fibre and 600 

the intestinal mucosa and their consequences on digestive health in young non ruminant 601 

animals. Animal Feed Science Technology. 2003; 103:95-117. 602 


