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SUMMARY 
Fibre is the most widespread natural polymer. It is essential for the plants, 

but it is also present in bacteria, fungi and even in animals. The fibre is one of 
the NSPs (non-starch polysaccharides), commonly called dietary fibre, which 
are difficulty digested by the poultry. Nevertheless, the optimization of diets 
takes into consideration the concentration of this element in the raw 
ingredients because the fibre content influences the energy concentration of 
the different feedstuffs. In terms of nutrition physiology, energy is the most 
important and the most expensive ingredient of poultry diets. The fibre-high 
ingredients are cheaper than the ingredients currently used for the 
manufacture of diets for poultry. Our study investigated the possibility of using 
high-fibre raw ingredients for pullet-layer diets as early as from the starter 
stage. The working hypothesis is that a pullet layer has to get used to high-
fibre diets, which are good for its performance as adult hen, starting from its 
early days. This will also increase its ingesting capacity because the high-fibre 
diets are more voluminous. The study attempted to accustom Lohmann Brown 
pullet-layer from their growing period with high-fibre diets which included: 
DDGS, rice bran, wheat bran and sunflower meal. The feeding regimen 
included three stages: stage 1 (1-3 weeks) 21% CP, 3050 kcal ME and 4% fibre; 
stage 2 (4-8 weeks) 18.5% CP, 2950 kcal ME and 5% fibre; stage 3 (9-16 weeks) 
16,5% CP, 2800 kcal ME and 4% fibre. Cellulozolytic enzymes were used to 
enhance fibre digestibility, and a mycotoxin inhibitor was used just in case. The 
results showed that the early feeding of different levels of fibre didn’t affect 
the growth performance of the pullets during the period from 1-16 weeks. The 
pullets-layers displayed a good adaptability to this kind of diets as shown by a 
good feed conversion ratio, a body weight comparable to the producer’s 
guidelines and a perfect health state. 
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INTRODUCTION 
The most widely accepted definition of fibre states that fibre is the sum of 

lignin and polysaccharides that are not digested by endogenous secretions of 
the digestive tract (Trowell, 1976). This definition segregates dietary 
polysaccharides into starch and non-starch polysaccharides (NSP). NSP is used 
interchangeably with the term, fibre, when referring to fibre in diets.  On the 
surface, the definition proposed by Trowell, (1976) seems simple and easily 
applied to practical animal nutrition. In reality, the definition and 
quantification of fibre in non-ruminant diets is difficult due to the complexity 
and diversity of polysaccharides involved. Optimizing the fibre content is an 
important aspect of formulating diets of laying hens. To what extent fibre is 
actually included in layer diets will depend on the availability of suitable raw 
materials. The options are limited where classic maize/soya diets are used. But 
awareness of the benefits of fibre might encourage animal nutritionists and 
feed manufacturers to actively search for raw materials not previously used, in 
an attempt to introduce these into established formulations (Pottgüter, 2008). 
Negative effects on performances and nutrient utilization were observed when 
feeding fibre to poultry, due to a poor metabolizable energy contents of the 
ingredients with high fibre content (Lee et al., 2003), fibre being considered 
“useless roughage” with no nutritive benefits in poultry nutrition. It has 
commonly been accepted that an increase in dietary fibre reduces feed intake 
in poultry (Mateos et al., 2012) and the differences in the structure and 
properties of the existing fibre sources affect the rate of passage in different 
ways, and affect digesta pH and volatile fatty acid production in the different 
segments of the gastrointestinal tract (Montagne et al., 2003; Raninen et al., 
2011). But, other authors (Couch, 1967; Hartini et al., 2003; Pottgüter, 2008; 
van Krimpen, 2008) reports that diets with higher fibre content have a 
favourable effect on laying hens in non-cage production systems. These 
authors suggested that diets with higher fibre content should be taken into 
account as a contribution to ensure continued success of the egg industry 
when adapting production systems to consumer preferences for eggs from 
non-cage systems. Pottgüter (2008) stated that many countries have had very 
positive results from using raw materials with higher fibre content. Results 
from commercial farms suggest that monitoring or deliberately manipulating 
the fibre content can be highly beneficial if the aim is to optimise the diet for 
`gut health´. Dietary fibre can have positive effects on welfare and 
reproductive performance of poultry. High fibre diets have important value in 
welfare friendly moulting programs for laying hens and permit a controlled 
growth of pullets and makes fibrous feedstuffs useful in these phases of 
poultry production (Lee et al., 2003). Digestibility of dietary fibre depends by 
the fibre source and the effects of dietary fibre on poultry physiology and 
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productivity depend on the inclusion level and source of fibre (Mateos et al., 
2012; Jiménez-Moreno et al., 2011; Jørgensen et al., 1996) as well as on the 
nature of the basal diet (Jiménez-Moreno et al., 2010), the physical structure 
of the fibre source (Jiménez-Moreno et al., 2010; Story and Kritchevsky, 1976), 
the feed form (Jiménez-Moreno et al., 2007), and the type and age of the birds 
(González-Alvarado et al., 2010).  

This study purpose is to investigate the possibility of using high-fibre raw 
ingredients for layer diets as early as from the starter stage with beneficial 
effects on productive performances, in the case of using enzymes. 
 
 

MATERIAL AND METHODS 
The experiment run in an industrial hall, fitted with Big Duchmann 

equipment, on an average stock of 30618 Lohmann Brown hens (from 0 to 16 
weeks old), reared on the floor on permanent litter. The pullet-layers were 
assigned to two groups: group C (15317 pullets) and the experimental group 
(15301 pullets). The trial lasted for 16 weeks, the hens receiving diets 
according to their age: stage 1 (0-4 weeks); stage 2 (5-8 weeks) and stage 3 (9-
16 weeks). Table 1 shows the composition of the six experimental diets. Three 
diets formulation were developed for each group of stage pullet hens, which 
covered the 16 weeks growth period, optimized for the use of fibre-rich 
ingredients. Diets optimization was done in agreement with the feeding 
requirements of the Lohmann Brown hybrid stated in the rearing book 
(Lohmann Brown Classic, Management Guide Layers, 2012). 

Cellulolytic enzymes (produced by aerobe Pseudomonas strains and 
anaerobe Clostridium or Cellulomonas strains) were used to improve the 
dietary fibre digestibility by their partial or total hydrolysis of the fibre. The 
two enzymes used in the experiment, xylanase and beta-glucanase (produced 
by BIOMIN Company), are enzymes produced by submerged fermentation by 
Trichoderma fungus (ascomycete which excretes large amounts of mixed 
enzymes which allow the hydrolysis of the amorphous and crystalline fibres). 
They act on the gut improving nutrient digestibility and decrease digesta 
viscosity cause by the arabinoxylans by cleaving the main constituents of the 
cell wall of the endosperm and aleurone. They also regulate the energy 
metabolism by increasing the protein metabolism by 3% in average (Biomin 
Catalogue of Additives and Specialties Premixes, Concentrates and Complete 
Feed, 2014). 

The layers had free access to the feed, observing the levels recommended 
by the requirements of this hybrid. The feeders were in the shape of a 
truncated cone, supplied from a line bunker, via a sensor which detects the 
minimal level of feed in the feeder, and which commands its filling. The first 
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day start was recorded both by the electronic feeders and on paper. These 
records allowed the determination of the productive parameters: average daily 
feed intake (g feed consumption/day/layer) and the feed conversion ratio (g 
feed consumption/g gain), estimated for the whole experimental period. The 
body weight was determined by the weekly weighing of a random sample of 
pullet-layers. The lighting was done with electric bulbs, according to a 23-h 
light regimen during the first 2 days, which decreased gradually to 9 h for the 
period 5-15 weeks. 

 
Table 1 – Composition of the experimental diets 

Specification 

Pullet hens stage 

1-3 weeks 4-8 weeks 9-16 weeks 

C E C E C E 

DDGS-corn - 15 - 15 - 10 
Corn, 8% 53.52 15 48.48 15 42.60 15 
Wheat bran 15.6% - - - 4.16 4.26 10.46 
Rice bran, % - 2.92 - 5 - 5 
Sorghum, % 5.77 35.69 20.00 36.98 25.00 34.97 
Sunflower meal, 34.0 % - - 2.42 4.8 15.00 20.86 
Soybean meal, 46.0 % 34.44 25.57 25.11 14.62 9.83 - 
Vegetable oil, % 2.00 1.39 - 0.5 - 0.5 
Lysine, % 0.09 0.3 0.12 0.32 0.11 0.21 
Dl – methionine, % 0.27 0.28 0.09 0.07 0.06 0.05 
L- threonine, % - 0.02 0.01 0.02 - - 
Calcium carbonate,% 1.63 1.56 1.57 1.63 1.56 1.58 
Monocalcium phosphate, % 1.39 1.4 1.31 1.03 0.72 0.53 
Salt, % 0.40 0.38 0.41 0.38 0.37 0.35 
Premix 0.4%  A3 0.40 0.4 0.40 0.4 0.40 0.4 
Xylanase, % 0.02 0.02 0.02 0.02 0.02 0.02 
Beta glucanase, % 0.02 0.02 0.02 0.02 0.02 0.02 
Mycotoxin inactivator, % 0.05 0.05 0.05 0.05 0.05 0.05 
Total ingredients 100 100 100 100 100 100 

Vitamin-mineral supplied per 1 kg of diet: 12,500.000 I.U. Vitamin A; 3,500.000 I.U. Vitamin D3; 80.000 mg 
Vitamin E; 3.000 mg Vitamin K3; 2.500 mg Vitamin B1; 8.000 mg Vitamin B2; 50.000 mg nicotinic acid; 4.000 
mg Vitamin B6; 30.000 µg Vitamin B12; 150.000 µg biotin; 2.000 mg folic acid; 15.000 mg Ca-d-
pantothenate; 350.000 mg  choline chloride; 70.000 mg manganese (Mn); 60.000 mg zinc (Zn); 60.000 mg 
ion (Fe); 8.000 mg copper (Cu); 0.100 mg cobalt (Co); 0.500 mg iodine (I); 0.200 mg selenium (Se); 25.000 mg 
antioxidant 

 
When the diet formulations were changed according to the growth stage, 

compound feeds samples were taken and analysed for their composition. The 
dry matter (DM) was determined with the gravimetric method according to 
Regulation (CE) nr. 152/2009 and standard SR ISO 6496:2001; the crude 
protein (CP) was determined by the Kjeldahl method according to Regulation 
(CE) nr. 152/2009 and standard SR EN ISO 5983-2:2009; the crude fat (EE) was 
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determined by extraction in organic solvents - the method complies with 
Regulation (CE) nr. 152/2009 and standard SR EN ISO 6492:2001; the crude 
fibre was determined by the method with intermediary filtration, according to 
Regulation (CE) nr. 152/2009 and standard SR EN ISO 6865:2002. The amino 
acids were determined by liquid chromatography (HPLC). The method 
complies with Regulation (CE) nr. 152/2009 and standard SR EN ISO 
13903:2005. The fatty acids (content of linolenic acid) were determined by gas 
chromatography according to standard SR CEN ISO/TS 17764 -2: 2008  

The analytical data were compared performing analysis of variance 
(ANOVA), using STATVIEW for WINDOWS (SAS, version 6.0). The differences 
between mean values within the groups were considered significant at P<0.05. 

 
 
RESULTS AND DISCUSSION 
The cellulolytic dietary ingredients were DDGS, rice bran, wheat bran and 

sunflower meal. Different sources of fibre were used, so that the pullets can 
adapt easier to this type of feeding. Figure 1 shows the fibre content of the 
dietary raw ingredients. 

 

 
Fig. 1 - Fibre content of the dietary raw ingredients 

 
Figure 1 shows that the sunflower meal had the highest level of fibre 

(18%), followed by the wheat bran (10% fibre) and rice bran (9.6% fibre). 
Because of its high fibre level the use of sunflower meal in diet is limited. 

Table 2 shows the fibre supply of each ingredients and its share in the diet, 
calculated on the basis of the chemical analyses. 
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Table 2 – Crude fibre supply of each feed ingredient, % 

Ingredients 

Crude fibre content/experimental diet/stage 

1-3 weeks 4-8 weeks 9-16 weeks 

4%  5% 7.24% 

DDGS,% 23.61 19.29 8.70 

Corn , % 13.11 10.72 7.25 

Wheat bran, % - 8.49 14.45 

Rice bran, % 7.00 9.80 6.63 

Sorghum, % 20.51 17.36 11.11 

Sunflower meal, %  - 17.64 51.86 

Soybean meal, % 35.77 16.71 - 
Total, % 100.00 100.00 100.00 

 
Samples were collected from each batch of diets and analysed chemically. 

Data are shown in Table 3. 
 

Table 3 – Chemical analysis of the diets 

Specification 

Chemical composition of the diets by stage 

1-3 weeks 4-8 weeks 9-16 weeks 

C E C E C E 

Dry matter, % 86.54 88.31 86.38 88.43 86.51 88.62 
M.E. Poultry, Kcal/Kg 3.050.0 3.050.0 2.950.0 2.950.0 2.800.0 2.800.0 
Crude Protein, % 21.00 21.00 18.50 18.50 16.50 16.50 
Crude Fat, % 4.00 4.42 2.19 3.70 2.26 3.48 
Crude Fibre, % 3.67 4.00 3.86 5.00 5.39 7.24 
Calcium, % 1.05 1.05 1.00 1.00 0.90 0.90 
Phosphorus Total, 0.70 0.74 0.67 1.14 0.61 1.79 
Sodium, % 0.17 0.17 0.17 0.17 0.16 0.16 
Chlorine, % 0.32 0.37 0.33 0.37 0.31 0.34 
Lysine, % 1.20 1.20 1.00 1.00 0.70 0.70 
Methionine, % 0.60 0.62 0.39 0.39 0.35 0.39 
Met+Cys, % 0.95 0.95 0.70 0.70 0.60 0.70 
Linoleic ac. (C18:2n), % 2.43 1.68 1.32 1.15 1.22 1.10 

 
The data shown in Table 3 have shown that the dietary fibre level 

increased by about 2% for each stage of development in the experimental 
groups compared to the control groups (Fig. 2). By the gradual increase of the 
dietary fibre level, the stage pullet hens are prepared for the adult stage. 

The use of high-fibre diets didn’t produce significant differences in the 
body weight and feed intake (Table 4). The layers displayed good adaptability 
to this type of feeding, as expressed by a good feed conversion ratio, body 
weight in range with the guidebook recommendations and a good health state 
(Fig. 3). 
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Fig. 2 – Percent increase of the dietary fibre in the experimental diets 

 
Similar results were reported by Masa’deh et al. (2012) which tested the 

effects of dietary levels of distillers dried grains with soluble (DDGS) in Single 
Comb White Leghorn pullet diets. The results showed there was no difference 
in feed intake or body weight among pullet chicks fed different levels of DDGS. 
Table 4 shows that mortality decreased by about 1% per growth stage in the 
experimental groups compared to the control groups. The literature showed 
that the inclusion of fibre in diets for laying hens often result in drier litter and 
less mortality. According to field observations (Mateos, 2011), laying hen 
mortality, under commercial conditions, is lower when birds are fed diets that 
contain a high level of dietary fibre (inclusion of barley and sunflower meal) 
than when they are exclusively fed diets based on corn and high-protein 
soybean meal.  
 
Table 4 – Production parameters 

Period / 
Group 

Weight gain, 
g 

Average daily 
weight gain, 

g/day 

Feed  
consumption, 

g 

Feed 
conversion 
ratio, g/g 

Mortality, % 

1-3 
weeks 

C 255.3±11.22 6.49±1.09 26±2.86 5.02±0.98 0.87±0.07 

E 266.1±9.30 6.70±1.23 26.8±3.06 5.10±1.09 0.73±0.08 

4-8 
weeks 

C 623.6±36.40 9.86±1.98 49±3.14 3.74±1.74 0.77±0.09 

E 629±34.18 10.14±1.49 50±3.58 3.67±1.92 0.6±0.085 

9-16 
weeks 

C 1283±40.23 9.94±1.67 70±5.06 2.47±2.03 0.59±0.08 

E 1296±41.97 10.02±1.93 72±4.98 2.45±2.04 0.41±0.05 
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Fig. 3 – Body weight evolution of the stage pullet hens 

 
The cost of feeding (table 5) shows that the total cost of feeding/pullet is 

0.4147 lei lower in the experimental group compared to the control group. 
Even though the feed intake increased with 0.1428 kg/pullet in the 
experimental group compared to the control group, this didn’t influence the 
total price per period in group E compared to group C fed with conventional 
products. This is due to the use of cellulolytic products which have a lower 
purchasing price, which makes feeding more efficient in terms of quality/price. 

 

 
Fig. 4 – Cost of the diets, lei/kg 
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Table 5 – Economic efficiency of the trial 

Specification Feeding days 
Total feed 

consumption/ 
period, kg feed 

Price/diet/ 
period, RON* 

Total cost, 
RON* 

C
o

n
tr

o
l 

gr
o

u
p

 1-3 wks. 21.00 0.546 1.185 0.6470 
4-8 wks.  28.00 1.372 1.024 1.4049 

9-16 wks. 49.00 3.430 0.868 2.9772 
Total  5.348  5.0292 

Ex
p

er
im

en
t

al
 g

ro
u

p
 1-3 wks. 21.00 0.563 1.094 0.6157 

4-8 wks. 28.00 1.400 0.931 1.3034 
9-16 wks. 49.00 3.528 0.764 2.6954 

Total  5.491  4.6145 
*1Ron = about 0.22 Euro 

 
 

CONCLUSIONS 
There were no significant differences in terms of production parameters, 

which showed that high-fibre diets can be used on condition of using specific 
enzymes and of a gradual increase of the dietary fibre level, for a better 
adaptation of the pullets. 

During the first rearing phase there were no significant differences 
(P≤0.05) between the two groups concerning productive performances, which 
were similar with those established in Lohmann Brown guide. 

Increasing progressive the fibre level in laying hens’ diet, from 0 to 16 
weeks it can be reached a level of 7% fibre without any negative influence on 
feed intake and body weight. 

The poultry have a requirement for a minimal amount of fibre in the diet 
to optimize the productive performance.  

Besides preparing the pullets for the high-fibre diets during the adult 
period, we must also notice the economic benefits of feeding high-fibre diets 
compared to the classical raw materials. 
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