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ABSTRACT6

7
The effect of a multi-enzyme (Biomix) supplementation on the rate of feed passage, mean retention
time, gut morphology, digesta viscosity and performance of broiler chickens was determined in a 21-
day experiment between August and September, 2014.
Two hundred and sixteen one-day-old Arbor Acres broiler chickens were randomly allotted to 6 dietary
treatments in a randomized complete block design. Of the 6 diets containing soybean meal, wheat
bran and rice bran, 3 were supplemented with the enzyme and 3 without enzyme. Each diet had 6
replicates with 6 birds each. Cumulative and non-cumulative excretion data were calculated from
excreta chromium concentration. Viscosity was determined in digesta from birds and a section of the
ileum removed for measurement of ileal morphological parameters.
Feed type significantly (P = .05) improved body weight gain, feed intake and feed conversion ratio.
Time of 50% (T50) and 1% (Tl) chromium excretion were significantly (P = .05) decreased with
enzyme addition. Non-cumulative excretion data yielded similar results. Enzyme supplementation
significantly (P = .05) reduced retention time by 0.25h and increased (P =.05) feed passage rate,
villus height and crypt depth in the chickens. Digesta viscosity was also significantly (P = .05) reduced
by enzyme addition.
In conclusion, results of the study showed that enzyme supplementation of diets improved digesta
passage through the gut, improved ileal morphological characteristics and performance in broilers.
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1. INTRODUCTION11

12
Traditionally, in most research conducted on poultry feeding, dietary fibre has been considered a13
diluent of the diet [1] with negative influence on voluntary feed intake and nutrient digestibility [2].14
Consequently, commercial diets, especially those for young broilers, are formulated to contain less15
than 3% crude fibre. Polysaccharides are the major components of plant materials used in rations for16
monogastrics. They are macromolecular polymers of monosaccharides linked by glycosidic bonds.17
Non-starch polysaccharides (NSP) include cellulose, hemicellulose, pectin and oligosaccharide. They18
can also be divided into water-soluble and water-insoluble fractions.19

20
Most of the anti-nutritive activities of NSP, which directly affect broiler performance, have been21
attributed directly to soluble polysaccharides. A majority of polysaccharides, when dissolved in water,22
give viscous solutions. Increases in digesta viscosity associated with wheat arabinoxylan were noted23
in poultry [3]. The soluble NSP fraction and not the total NSP fraction are responsible for its anti-24
nutritive responses. These NSP can bind to large amounts of water and as a result, the viscosity of25
fluids in the digestive tract is increased. The increased viscosity causes problems in the small26
intestines because it reduces nutrient availability (particularly fat) and results in increased amount of27
sticky droppings [4].28

29
Soybean NSPs are composed mainly of a mixture of pectic-polysaccharides such as30
rhamnogalacturonans (types I and II), arabinogalactan I and xylogalacturonan [4]. The carbohydrates31
in soybean consist of approximately 10% free sugars (5% sucrose, 4% stachyose and 1% raffose)32
and between 20- 30% NSP, in which approximately 8% are cellulose and the remaining are pectic-33
polysaccharides [5]. The NSP levels and the soluble NSP levels of thirteen wheat samples were34
compared [6]. Wheat bran contains arabinoxylan pentosans, a non-starch polysaccharide thought to35
be anti-nutritive to poultry and causes a depression in nutrient utilization and subsequently leads to36
poor growth [4]. Rice bran also contains an appreciable quantity of arabinoxylan similar to that found37
in wheat and rye. However, whereas the arabinoxylans are of similar structure, those from wheat are38



much more viscous in solution than the rice bran arabinoxylan which is probably a reflection of their39
more branched nature [7].40

41
Multi-enzymes have been approved for use in poultry feed because they are natural products of42
fermentation and therefore pose no threat to the animal or the consumer, [8]. A considerable amount43
of nutrients such as starch remains encapsulated in the cell walls in the small intestine of chickens [9]44
and was removed upon xylanase supplementation. Although the insoluble NSP have mainly been45
regarded as nutrient diluent in the diet, they can also affect digesta transit time and gut motility.46
Enzymes with affinity for insoluble NSP can elicit a positive response in growth performance of47
broilers [10]. The use of chromic oxide as a marker for determining feed passage rate has been48
reported [11]. Fluorescent dye (Day-Glo) and ferric oxide had been used by [12,13,14] to measure49
feed passage rate respectively.  The rate of feed passage refers to the amount of digesta that passes50
a point along the alimentary tract in a given time and is an exponential function. Retention time can be51
defined as the time it takes the nutrients of a meal to be absorbed by the birds in the gastrointestinal52
tract [15]. This study was conducted to determine digesta passage rate of soybean meal, wheat bran53
and rice bran in broiler chickens.54

55
56

2. MATERIALS AND METHODS57
58

2.1 EXPERIMENTAL SITE, DIETS AND MANAGEMENT OF BIRDS59

The study was carried out at the Teaching and Research Farm, University of Ibadan. One-day-old60
Abor acre broiler chicks (n=216) were obtained from a reputable commercial hatchery. The birds were61
raised in battery cages. The birds were tagged, weighed and allotted to 6 dietary treatments by body62
weight. Each diet had 6 replicates with 6 birds per replicate. The experimental design was a 2x363
factorial arrangement in a randomized complete block design. Birds were vaccinated following the64
vaccination schedule for broilers and other routine management practices were carried out.65
Diet 1 was a corn-soybean diet without enzyme, diet 2 corn-wheat bran without enzyme, diet 3 corn-66
rice bran without enzyme, diet 4 corn-soybean supplemented with enzyme, diet 5 corn-wheat bran67
supplemented with enzyme and diet 6 corn-rice bran supplemented with enzyme. Diets were68
formulated to meet the nutrient requirements of the birds. The experimental protocol was in69
accordance with the regulations of the Animal Care and Use Committee of the University of Ibadan.70

71
2.2 DATA COLLECTION72

73
2.2.1 Performance indices74
The chicks were weighed at day 1 and day 22, the difference between the weights was used to75
estimate weight gain. Feed intake was calculated as difference between quantity of feed given in and76
left over. Feed intake and weight gain were used to estimate feed conversion ratio.77

78
2.2.2 Excreta collection79
The birds were fed with experimental diets for 21 days and excreta collected on day 22. The birds80
were exposed to 5 hours of darkness which ended 2 hours (5 am) before chromium II oxide (Cr2O3)81
was administered orally with the use of gelatine capsules at the rate of 0.5g/ bird. They were82
monitored for 2 hours after which excreta collection followed immediately. Excreta trays were placed83
under each cage for excreta collection while the total excreta were scooped out from each tray 284
hours post ingestion of chromium oxide. The collection continued on hourly basis at 2, 3, 4, 5, 6, 8,85
12, and 16 hours post ingestion corresponding to 9am, 10am, 11am, 12noon, 1pm, 3pm, 7pm and86
11pm respectively).  Fresh samples were weighed, freeze-dried, ground through 1mm sieve, and87
stored at -20oC for dry matter and chromium concentration analysis. The chromium content of88
samples was determined using an atomic absorption spectrophotometer following the methods of89
[16].90

91
Cumulative excretion curves92
Data on excreta chromium concentration from each cage was calculated as cumulative fractions of93
the total amount of chromium determined during the 16h collection. The cumulative excretion curves94
of each diet was plotted and fitted to the Hill equation as recommended by [11]. The mathematical95
function of the curve was:96
y = tm/(tm + k)97



where  y = amount of chromium excreted, t = time of collection (hour), m = slope of the line, k =98
constant,99
To determine m and k, curves were transformed into as linear equation as follows:100

Y = a X + b101
Where Y= ln{y/(l-y)}; a = m(the slope of the line ); x = ln (t); and b = -ln k.102

103
Non-cumulated excretion data104
Non-cumulative chromium concentration from each cage was calculated as a percentage of total105
amount of chromium excreted during the 16 h collection. Time of 1% excretion (Tl) was the time at106
which 1% of the chromium intake was excreted, and the T50 was the time necessary to excrete half of107
the marker administered. These were calculated as in [17] for each cage from the cumulative108
excretion curve. Retention time (RT) was calculated from the equation proposed by [18]:109

110
RT = Ʃxi  x  ti/Ʃx i111

112
where xi is the amount of marker excreted at the ith collection at time t, after administration.113

114
2.2.3 Digesta viscosity115
On day 22, three birds were slaughtered from each replicate to collect the digesta samples from the116
ileum (section between Meckel’s diverticulum and 2cm anterior to ileo-caeco-colonic junction). The117
content was flushed with distilled water. The digesta was centrifuged at 3500rpm for 15 minutes. The118
supernatants obtained from each sample were stored separately at -20°C until use. The supernatants119
were thawed on ice before the viscosity was measured using a viscometer. Measurements were120
performed at 25°C and at shear rates at spindle 30rpm with the values expressed in centipoise (cP).121

122
2.2.4 Gut morphology123
Intestinal samples of 1 cm in length were taken from the middle of segment of the jejunum. The gut124
samples were then fixed in 10% buffered neutral formaldehyde solution (pH 7.4), processed, and cut125
to 6- μm sections. The sections were stained with hematoxylin and eosin and examined with a light126
microscope. A digital camera was used to measure the villus height and crypt depth. The villus height127
was measured by averaging the height of 10 intact villi, and crypt depth was measured by averaging128
30 measurements.129

130
2.3 PROXIMATE ANALYSIS131
The proximate composition of the test ingredients, diets (Table 2) were analyzed according to the132
methods of AOAC [16].133

134
2.4 STATISTICAL ANALYSIS135
The data collected was subjected to analysis of variance (ANOVA) at (P = .05) using Statistical136
Analysis System [19]. The significant means were separated using Duncan’s Multiple Range Test of137
the same software.138

139
Table 1. Gross composition of experimental broiler starter diets (g/kg)140

Without enzyme With enzyme141

Diets SBM WB RB SBM WB RB
Corn 552.0 396.0 403.0 542.0 386.0 393.0

SBM 303.6 - - 303.6 - -

Wheat bran - 303.6 - - 303.6 -

Rice bran - - 303.6 - - 303.6

Wheat gluten 50.0 180.0 190.0 50.0 180.0 190.0

Soya bean oil 50.0 70.0 50.0 50.0 70.0 50.0

Dicalcium Phosphate 17.0 17.0 17.0 17.0 17.0 17.0

Salt 4.00 4.00 4.00 4.00 4.00 4.00

Limestone 14.0 20.0 23.0 14.0 20.0 23.0

Vitamin Min Premix 3.00 3.00 3.00 3.00 3.00 3.00



DL-Met 3.60 3.60 3.60 3.60 3.60 3.60

L-Lysine 2.80 2.80 2.80 2.80 2.80 2.80
Enzyme Premix - - - 10.0 10.0 10.0
TOTAL 1000 1000 1000 1000 1000 1000
Calculated Nutrients and Energy

ME, kcal/kg 3283 3100 3507 3248 3065 3473

CP, g/kg 237 236 236 236 235 235

Ca, g/kg 6.70 8.77 9.71 6.70 8.77 9.71

Total P, g/kg 4.05 6.04 7.19 4.02 6.01 7.16

NPP, g/kg 1.73 2.37 2.50 1.72 2.36 2.49

Ca:P 1.65 1.45 1.35 1.66 1.45 1.35

Ca:NPP 3.87 3.7 3.88 3.88 3.71 3.89
C-SBM: corn soybean meal, C-WB: Corn Wheat Bran, C-RB: Corn Rice Bran, ME: Metabolizable Energy,CP:142
Crude Protein, P: Phosphorus, Ca: Calcium, NPP: Non Phytate Phosphorus. *Composition of premix per kg of143
diet: vitamin A, 12,500 I.U; vitamin D3 2,500 I.U; vitamin E, 40mg; vitamin K3, 2mg; vitamin B1, 3mg; vitamin B2,144
5.5mg; niacin 55mg; calcium pantothenate, 11.5mg; vitamin B6, 5mg; vitamin B12, 0.025mg; choline chloride,145
500mg; folic acid, 1mg; biotin, 0.08mg; manganese, 120mg; iron, 100mg; zinc, 80mg; copper, 8.5mg; iodine, 1.146
5mg; cobalt, 0.3mg; selenium, 0.12mg; Anti-oxidant, 120mg147

148
3. RESULTS149

150
Performance151
The results of performance are shown in Table 2. Diet significantly (P=.05) affected the live weight,152
body weight gain, feed intake and feed conversion ratio in broilers. These response criteria were153
better (P = .05) on the SBM compared to WB and RB diets irrespective of enzyme supplementation.154
There was no difference between the effect of WB and RB on the performance of the birds. Enzyme155
had no effect on any of the performance criteria, neither was the interaction between diet and156
enzyme.157

158
Digesta passage rate159
(i) Cumulative excretion curves160
The cumulated chromium excretion curves (Figures 1 and 2) were sigmoidal. The excretion patterns161
of chickens fed SBM, WB and RB diets without enzyme (Figure 1) or with enzyme (Figure 2) were162
similar. Estimation of times for the excretion of 1% (T1) and 50% (T50) of the chromium for all163
treatments is shown in Table 3. The excretion times were not significantly different between chickens164
fed diets with SBM, WB or RB. However, for chickens fed the diets supplemented with enzyme, the165
times for excretion of 1 and 50% of the marker were significantly (P =.05) reduced compared with166
those fed diets with no enzyme. The T1 of chickens fed diets supplemented with enzyme was167
reduced by 0.57h (SBM), 0.34h (WB), 0.22h (RB), respectively, compared with those of chickens fed168
diets without enzyme supplementation. The T50 of chickens fed enzyme-supplemented diets was169
also significantly (P =.05) reduced. Mean values of retention time for birds fed SBM, WB and RB diets170
with enzyme were 5.80 h, 5.56 h, 5.88 h, respectively while for birds fed the same diets but without171
enzyme, the mean retention times were 5.43 h, 4.85 h, and 3.85 h, respectively.172

173
(ii) Non-cumulative data of marker excretion174
Results of non-cumulative chromium excretion are shown in Figures 3 and 4. A delay of 2h in175
excretion of chromium was observed in chickens fed the diets without enzyme supplementation than176
chickens fed the diets with enzyme. In chickens fed SBM, WB and RB diets without enzyme,177
maximum excretion occurred at 4 h, 6 h, and 5 h, respectively. When enzyme was added to the diets,178
maximum excretion occurred at 11-12 h. The peak excretion was also higher when enzyme was179
included. After 8 h, the excretions of Cr from chickens of all dietary treatments were not significantly180
different.181

182



Table 2: Performance of broiler chickens fed soybean meal, wheat bran, rice bran without or with multi-enzyme supplementation183
Without enzyme With enzyme P value

SBM WB RB SBM WB RB SEM Diet Enzyme Diet*enzyme
Live weight, g 709.0a 215.0b 186.5b 699.7a 227.1b 175.1b 39.8 <.0001 0.9267 0.8812

Body weight gain, g 665.9a 172.1b 143.0b 656.6a 184.1b 127.3b 39.7 <.0001 0.9180 0.8815

Feed intake, g 1062.8a 469.4b 500.0b 1046.1a 519.4b 447.2b 31.2 <.0001 0.8133 0.3080

FCR 1.62c 2.73b 3.66a 1.64c 2.87b 3.32a 0.212 <.0001 0.7382 0.5597
abcMeans on the same row with different superscripts are significantly (P<0.05) different. SBM = soybean meal, WB = Wheat bran,184
RB = Rice bran185
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Table 3.  Excretion and retention times of experimental diets without or with multi-enzyme208
supplementation in 3weeks broiler chickens.209

Without enzyme With enzyme
SBM WB RB SBM WB RB SEM

T1, h 0.66a 0.46a 0.44a 0.08b 0.12b 0.22b 0.03
T50, h 0.42a 0.25a 0.36a 0.25b 0.24b 0.19b 0.09
Mean retention time, h 5.81 5.56 5.88 5.43 4.86 3.86 0.06

abcMeans on the same row with different superscripts are significantly (P<0.05) different.210
SBM = soybean meal, WB = Wheat bran, RB = Rice bran.211
T1%: time of appearance of 1% of marker in excreta, T50%: time of excretion of 50% of marker in212
excreta.213

214
215



Gut morphology216
The effects of diets on the villus height and crypt depth of section of small intestine are shown in217
Table 4.  Feed type and enzyme supplementation significantly (P <.0001) affected villus height. Birds218
fed the SBM diet had the highest villi followed by WB and RB diets. The crypt depth of birds on dietary219
treatments differed significantly (P=.05). Birds fed with enzyme-supplemented diets had similar crypt220
depth. The highest crypt value was obtained in birds fed SBM with enzyme while birds fed RB without221
enzyme had the shortest crypt depth.222

223
Digesta viscosity224
The effects of dietary treatments on digesta viscosity of birds are shown in Table 4. Significantly (P225
=.05) reduced viscosity (1841.6, 1902.9, 2116.5 mPa-s) was observed in broiler chickens fed SBM,226
WB and RB diets supplemented with enzyme respectively compared with birds on diets without227
enzyme supplementation.228



Table 4: Ileal morphological and digesta viscosity in broiler chickens fed soybean meal, wheat bran, rice bran without or with multi-enzyme229
supplemented diets230
.231

Without enzyme With enzyme P value
SBM WB RB SBM WB RB SEM Diet Enzyme Diet*enzyme

Villus height, m 385.4ab 329.9c 256.7d 410.4a 347.7b 322.1c 10.90 <.0001 <.0001 0.2905
Crypt depth, m 41.9b 34.4cd 32.1d 55.3ab 38.4cb 38.9cb 1.729 <.0001 <.0001 0.0544
Viscosity, mPa 3630.8a 3706.7a 3662.9a 1841.6c 1902.9cb 2116.5b 84.39 0.2720 <.0001 0.3154

abcMeans on the same row with different superscripts are significantly (P<0.05) different. SBM = soybean meal, WB = Wheat bran,232



233
4. DISCUSSION234
Growth performance235
Choct and Sinlae [20] reported degradation of β-mannan and 70% NSPs into soluble metabolizable236
products for monogastrics when enzymes [d1]were added to high fibre monogastric[d2] diets. Cleavage237
of the NSPs in fibre fraction is expected to improve digestion and nutrient absorption but this is238
contrary to what was observed in this study, growth performance of chicks fed diets with or without239
muti-enzyme supplementation was similar. Also, lower weights of birds fed increasing levels of fibrous240
diet without enzyme supplementation has been reported [21,22]. The interaction effects of diets and241
enzyme on live weight, body weight gain, feed intake and feed conversion ratio were not significant.242
This could be as a result of some factors such as the strain of the birds, management, enzyme type.243

244
Digesta passage rate245
The representations of the experimental data fit a sigmoidal curve. The Hill equation used is only one246
of a large number of sigmoidal equations [23] that can be used to calculate the rate of feed passage.247
Differences in Tl and T50 between diets were significant.  With the improved intestinal characteristics,248
the rate of feed passage in chickens fed the enzyme-supplemented diets was decreased compared249
with those of chickens fed the diets without enzyme. Chickens fed enzyme-supplemented diets250
irrespective of type of fibre source took 0.25h to excrete 50% of the administered marker, whereas251
chickens fed the same diets but without the multi-enzyme took an additional 0.25h to excrete the252
same amount of marker. Mean retention time (MRT) calculated from Equation (3) showed an inverse253
proportionality between rate of feed passage and retention time.  The mean retention time showed the254
same tendencies as rate of feed passage. The slower retention time in chickens fed with enzyme255
supplemented diet indicated a higher rate of passage, which could have improved nutrient,256
digestibility, absorption and utilization. These results agree with those of [24], where the effect of β-257
glucanase addition was to increase the rate of feed passage in broiler chicks at 2 weeks of age;258
however, in Leghorn chicks at 16 week of age, there was no difference in rate of feed passage.259

260
In a study carried out by [11], the addition of β-glucanase significantly decreased the time for261
excretion of 50% of the administered marker by 3h in 3-week-old chickens. The rate of feed passage262
is suggested to be related to the intestinal viscosity [11]. The T50 and MRT values obtained in the263
current study are similar to those reported by [25,26] for complete diets fed to broilers. However,264
methodology has varied among research determining rate of passage in poultry. In addition to diet265
composition and form, rate of passage can be affected by the strain and age of the bird [13,25],266
fasting period, ambient temperature and marker type and administration [13,17,27]. Additionally,267
interpretations of results can be made when considering different measurements of rate of passage,268
such as first appearance of feed or marker, the time required to reach a specified amount of marker269
excretion such as T1 or T50 [17], or the time required for a feed or marker substance to pass through270
a specified section of the gastrointestinal tract [18].271
An inconsistent relationship among the rate of passage measurements was observed as T1 and T50272
indicated faster initial rate of passage for diets without the multi-enzyme. The determination of T1273
resulted in analyzing low concentrations of Cr in the excreta, possibly leading to increased variability.274
Furthermore, [17] found no differences in T1 of birds fed chromium-mordanted wheat bran particles275
varying in particle size, while differences were observed in MRT for both particle size and ingredient276
source. Thus, T50 and MRT may be less variable and more accurate indicators of rate of feed277
passage than T1.278

279
Gut morphology280
The results of the present study showed that the absorptive function in the jejunum of chickens fed281
the multi-enzyme supplemented diets were higher compared with those on the same diets but with no282
enzyme added, which is an indication that the enzyme used in this study enhanced digestion and283
absorption of available nutrients. No significant differences in villus heights and crypt depths of284
chickens fed diets with different viscosities during the first period of the experiment (7 d) were found285
[28] but at the end of the second period (21 d), the ileal villi were significantly longer in chickens fed a286
less viscous diet. It was reported [29] that increasing villus height suggests an increased surface area287
for the greater absorption of available nutrients while deeper crypt is implicated in a greater288
production of enterokianse, which is the precursor for the production of trypsin. Trypsin is needed for289
digestion of protein, which culminates into increased availability of amino acids vital for birds’290
performance. Thus the results of this study show that the use of multi-enzyme in soybean meal, wheat291
bran, rice bran based diets improved the surface area for absorption of available nutrients but much292



more improved in soybean meal supplemented with enzyme. This could be due to the low level of293
NSPs present in SBM compared to WB and RB. The results are supported by those of [30] and [31]294
who showed that carbohydrase can improve performance and nutrient digestibility when added to a295
viscous diet. The lowest villus height observed in birds on diets without enzyme indicates a reduction296
of absorption of available nutrients and consequently reduced performance.297

298
Digesta viscosity299
The highest viscosity observed in birds fed rice bran diets without enzyme could be as a result of high300
insoluble fibre as well as soluble NSPs in the WB and RB, which act as a barrier to nutrient digestion301
and absorption by changing gut functions. This is in line with a study carried out by [32] who observed302
an increased digesta viscosity in wheat bran and rice bran based diets due to high level of NSPs in303
the diets. These NSPs were considered to be one of the factors that influence chicken productivity304
due to their negative effects. [d3]The lowest digesta viscosity observed, increased the nutrient305
digestibility and performance of birds on the SBM, WB and RB supplemented diets, but best for306
chickens on SBM+Enzyme diet. This is supported by reports of [33,34,35]. The authors reported the307
beneficial effects of using feed enzymes to poultry diets which include; reduction in digesta viscosity,308
enhanced digestion and absorption of nutrients especially fat and protein, improved apparent309
metabolizable energy value of the diet, reduced water content of excreta, reduced production of310
ammonia from excreta and reduced output of excreta, including reduced N and P. These findings311
showed that the addition of multi-enzyme that contains β- glucanase, xylanase, cellulose and312
pentosanase to broiler diets based on soybean meal, wheat bran and rice bran were adjusted to313
reduce intestinal viscosity and improve nutrient digestibility.314

315
5. CONCLUSION316

317
The study showed that exogenous enzyme did not improve the performance of the birds despite318
higher passage rate and lower mean retention time. Results of the study showed that a fibrous diet319
without enzyme slows down the rate of feed passage, feed intake and efficiency, but supplementation320
with multi-enzyme helps to improve the rate of digesta passage and nutrient flow. [d4]The study also321
showed that the multi Multi enzyme supplementation also reduced digesta viscosity of the digesta,322
resulting ed in higher villus height and improved crypt depth as a, which result ed in of higher nutrient323
absorption but surprisingly did not culminate in improve d performance of the birds.324

325
REFERENCES326

1. Rougière N, Carré B. Comparison of gastrointestinal transit times between chickens from D+327
and D− genetic lines selected for divergent digestion efficiency. Journal of Animal Science.328
2010; 4:1861–1872.329

2. Janssen WMMA, Carré B. Influence of fibre on digestibility of broiler feeds. In Recent330
Advances in Animal nutrition. D. J. A. Cole and W. Haresign, ed. Butterworths, London, UK.331
1985; 78–93.332

3. Choct M, Annison G. Anti-nutritive activity of wheat arabinoxylans: Role of viscosity. British333
Poultry Science 1992; 33: 821-834.334

4. Choct M, Hughes RJ, Wang J, Bedford MR, Morgan AJ, Annison G. Feed enzymes eliminate335
the anti-nutritive effect of non-starch polysaccharides and modify fermentation in broilers.336
Proceedings of Australian Poultry Science Symposium. 1995; 7: 121-125.337

5. Choct M, Hughes RJ. The nutritive value of new season grains for poultry. British Poultry338
Science. 1997; 42:508-512.339

6. Annison G. Relationship between the levels of soluble non-starch polysaccharides and the340
apparent metabolizable energy of wheats assayed in broiler chickens. Journal of Agricultural341
and Food Chemistry. 1990; 39:1252-1256.342

7. Choct M, Annison G. Anti-nutritive activity of wheat pentosans in broiler diets. British Poultry343
Science. 1990; 28: 620-632.344

8. Barrier-Guillot B, Casado P, Maupeti P, Jondreville C, Gate F. Wheat phosphorus availability:345
1. In vitro study; Factors affecting endogenous phytasic activity and phytic phosphorus346
content. Journal of Science Food and Agriculture. 1996; 70: 62-68.347

9. Bedford MR. The role of carbohydrases in feedstuff digestion. In: Poultry Feedstuffs – Supply,348
Composition and Nutritive Value. J. M. McNab and K. N. Boorman, ed. CABI Publ., England349
2002; 319–336.350



10. Choct M. The effects of different xylanases on carbohydrate digestion and viscosity along the351
intestinal tract in broiler. Proceedings of Australian Poultry Science Symposium.1998; 10:111-352
115.353

11. Almirall M, Esteve-Garcia E. Rate of passage of barley diets with chromium oxide: Influence354
of age and poultry strain and effect of β-glucanase supplementation. Poultry Science. 1994;355
73:1433–1440.356

12. Hillerman JP, Kratzer FH, Wilson WO. Food passage through chickens and turkeys and some357
regulating factors. Poultry Science. 1953; 32: 332-335.358

13. Washburn KW. Efficiency of feed utilization and rate of feed passage through the digestive359
system. Poultry Science. 1991; 70: 447-452.360

14. Hughes RJ. The rate of passage of digesta influences energy metabolism in broiler chicken.361
Proceedings of Australian Poultry Science Symposium. 2004; 16: 63-66.362

15. Brant CS, Thacker EJ. A concept of rate of food passage through the gastrointestinal tract.363
Journal of Animal Science. 1958; 17:218-223.364

16. AOAC (Association of Official Analytical Chemist). Official Methods of Analysis. 14th ed.365
Association of Official Analytical Chemists, Washington, DC, 2000.366

17. Ferrando C, Vergara P, Jimenez M, Gonalons E. Study of the rate of passage of food with367
chromium-mordanted plant cells in chickens (Gallus gallus). Quarterly Journal of368
Experimental Physiology. 1987; 72: 251-259.369

18. Coombe JB, Kay RNB. Passage of digesta through the intestines of the sheep. Retentions370
times in the small and large intestines. British Journal of Nutrition. 1965; 19: 325-338.371

19. SAS. Statistical Analysis System, Inc. User’s Guide. Statistic version for windows. SAS®372
Software, version 8.2. Cary, North Carolina, USA, 2001.373

20. Choct M, Sinlae M. Effects of xylanase supplementation on between-bird variation in energy374
metabolism and the number of Clostridium perfringens in broilers fed a wheat-based diet.375
Australian Journal of Agricultural Research. 2006; 57 (9): 1017-1021.376

21. McDonald P, Edwards RA, Greenhalgn JFO. Animal Nutrition 5th Edition. Longman, London,377
1995.378

22. Ariff Omer M, Hayakawa H, Zahari MW, Tanakak A, Oshio S. Collaboration between MARDI379
and JICA Project publication. 1998; 4.380

23. Warner ACI. Rate of passage of digesta through the gut of mammals and birds. Nutrition381
Abstracts and Reviews Series B. 1981; 51:789-820.382

24. Salih ME, Classen HL, Campbell GL. Response of chickens fed on hull-less barley to dietary383
β-glucanase at different ages. Animal Feed Science Technology. 1991; 33:139–149.384

25. Shires A, Thompson TR, Turner BV, Kennedy PM, Goh YK. Rate of passage of corn-canola385
meal and corn-soybean meal diets through the gastrointestinal tract of broiler and white386
leghorn chickens. Poultry Science. 1987; 66: 289-298.387

26. Hetland H, Svihus B. Effect of oat hulls on performance, gut capacity and feed passage time388
in broiler chickens. British Poultry Science. 2001; 42: 354-361.389

27. Vergara P, Jimenez M, Ferrando C, Fernandez E, Gonalons E. Age influence on digestive390
transit time of particulate and soluble markers in broiler chicks. Poultry Science. 1989; 68:391
185-189.392

28. Iji PA, Saki AA, Tivey DR. Intestinal development and body growth of broiler chicks on diets393
supplemented with non-starch polysaccharides. Animal Feed Science Technology. 2001;394
89:175–188.395

29. Awad WA, Böhm J, Razzazi-Fazeli E, Ghareeb K, Zentek J.  Effect of addition of a probiotic396
microorganism to broiler diets contaminated with deoxynivalenol on performance and397
histological alterations of intestinal villi of broiler chickens. Poultry Science. 2006; 20: 112-398
116.399

30. Fengler AI, Pawlik JR, Marquardt RR. Improvement in nutrient retention and changes in400
excreta viscosities in chicks fed rye-containing diets supplemented with fungal enzymes,401
sodium taurocholate and penicillin. Canada Journal of Animal Science. 1998; 68: 483–491.402

31. Cowieson A, Adeola O. Carbohydrases, protease, and phytase have an additive beneficial403
effect in nutritionally marginal diets for broiler chicks. Poultry Science. 2005; 84:1860-1867.404

32. Smith CHM, Annison G. Non-starch plant polysaccharides in broiler nutrition towards a405
physiologically valid approach to their determination. World Poultry Science Journal. 1996; 5:406
203-221.407

33. Marquardt RR, Brenes A, Zhiqun A, Boros D. Use of enzymes to improve nutrient availability408
in poultry feedstuffs. Animal Feed Science Technology. 1996; 60: 321 330.409



34. Martin EA, Farrell DJ. Strategies to improve the nutritive value of rice bran in poultry diets. I.410
The addition of food enzymes to target the non-starch polysaccharide fractions in diets of411
chickens and ducks gave no response. British Poultry Science. 1998; 39: 549–554.412

35. Malathi V, Devegowda G. In vitro evaluation of nonstarch polysaccharide digestibility of feed413
ingredients by enzymes. Poultry Science. 2001; 80: 302–305.414


