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ABSTRACT - The experiment was carried out to evaluate the effects of continuous ingestion of pectin on intestinal
viscosity, intestinal transit time, excreta moisture content, nutrient digestibility and energy metabolism of broilers at starter
and growth phases. We used 240 one-day-old Cobb male broiler chicks, distributed in a completely randomized experimental
design. Treatments consisted of four concentrations of pectin (0, 10, 30 and 50 g kg'") with six replicates of 10 birds each. The
ingestion of pectin supplied in the feed by broilers at the starter phase increased intestinal viscosity and intestinal transit time,
reduced excreta moisture, improved the use of apparent metabolizable energy, nitrogen-corrected apparent metabolizable energy,
coefficient of apparent metabolizability, coefficient of nitrogen-corrected apparent metabolizability, apparent digestibility
coefficient of crude protein and organic matter; worsened calcium utilization and coefficients of apparent digestibility of dry
matter; and did not influence the coefficients of apparent digestibility of crude fat, ash and phosphorus. Pectin ingestion during
the growth phase increased intestinal viscosity and apparent digestibility coefficients of ash and organic matter, but decreased
the dry matter, crude fat, crude protein and calcium. Intestinal transit time, energy metabolism and apparent digestibility
coefficient of crude protein showed quadratic behavior according to pectin levels in the feed. Therefore, pectin ingestion by
broilers at the starter phase increases intestinal viscosity and intestinal transit time, reduces excreta moisture and improves
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energy utilization, whereas at the growth phase nutrient digestibility is decreased.
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Introduction

Fat deposition in animals bred for meat production is
an important matter for the production sector and public
health, thus the efficient utilization of dictary soluble fibers
aiming at the decrease of fat deposition has been the scope
of several studies. Evidence about hypocholesterolemic,
hypolipidemic, and hypoglycemic effects of the soluble
fibers has been observed in studies with humans and other
animals (Oliveira & Sichieri., 2004; Cérdova et al., 2005;
Martins et al., 2005; Ramos et al., 2007; Eufrasio et al., 2009;
Pinhdo et al., 2010). These effects can be related to the long
surface area and the amount of hydrophilic groups of the
soluble fibers, such as pectin. Soluble fibers absorb water
and the digesta acquires a jelly consistency, increasing in
volume, which leads to resistance against peristaltism,
resulting in increased viscosity and transit time of digesta
(Annison & Choct, 1994). Therefore, alterations in digesta
properties may reduce nutrient digestibility and absorption
(Ferreira, 1994; Back Knudsen, 1997; Freire et al., 2000;
Wenk, 2001), impairing animal development (Adrizal &
Ohtani, 2002; Conte et al., 2003).
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Dietary soluble fibers decrease the apparent digestibility
of lipids in broilers (Smits et al., 1998) and turkeys
(Sklan et al., 2003). Non-starch polysaccharides have
been correlated with the variation of nutritional values of
cereal grains in experiments with domestic birds (Rowe
et al.,, 1999), because these polysaccharides decrease
the digestibility of starch, protein, fat, and mineral salts
(Choct & Annison, 1990; Choct et al., 1996).

The use of new additives in feed should not cause
negative effects on animal performance and on cost-benefit
analysis; otherwise the use of these substances would be
economically unfeasible. Composition, processing (Larbier
& Leclerq, 1994) and other factors, such as age, genotype
and sex of the animals (Nir, 1988; Doeschate et al., 1993;
Huang et al., 2005) influence digestibility of diets.

Alterations according to different levels of pectin supplied
in feed on digesta viscosity, transit time and excreta moisture
in broilers were assessed to verify if they explain the changes
in metabolizable energy and digestibility and absorption of
nutrients. Also, two production phases (starter and growth)
with different nutritional requirements were compared to
determine the behavior of these alterations in both phases.
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Material and Methods

The experiment was conducted at the Laboratory
of Poultry Science of the School of Agricultural and
Veterinary Sciences of Universidade Estadual Paulista
(FCAV/UNESP), Campus Jaboticabal, Sdo Paulo, Brazil,
from July to August 2008.

Two hundred and forty 1-day-old Cobb male broiler
chickens were obtained from a commercial hatchery. In
order to homogenize replicates and treatments, chicks
were individually weighed and distributed according to
four levels of pectin (0, 10, 30 and 50 g kg') within a
completely randomized experimental design. Treatments
for starter phase (from 1 to 21 d of age) were composed
of six replicates with 10 birds each (total of 60 birds per
treatment); broilers were housed in battery cages equipped
with heating system using light bulbs, nipple drinkers and
gutter-type feeders. Treatments for growth phase (from
22 to 34 d of age), were the same, but composed of six
replications with nine birds each (54 birds per treatment);
broilers were housed in cages with drinker and gutter feeder
under natural light only. Water and feed were provided
ad libitum from the 1st d of age.

Diets (Table 1) were adjusted for each rearing
phase according to recommendations by Rostagno et al.
(2005). All experimental diets were equal in calories and
nutrients so as to allow the evaluation of pectin, avoiding
misunderstandings and/or interference of effects from other
feed upon evaluated parameters.

Chicks were vaccinated against Marek and Bouba
diseases in the incubatory. After housing, birds were
vaccinated against Gumboro and Newcastle diseases on the
8th day and Gumboro again on the 18th day.

Temperature and relative humidity of the poultry
house were measured and recorded during the whole
experimental period with a digital thermo-hygrometer
located at the center of the poultry house. Maximum and
minimum temperature (°C) and relative humidity (%)
were recorded twice each day and the following means
were found from the 1st to 5th week: 30.1+3.5, 28.4+1.40,
26.2+1.04,25.241.1,24.3+1.02 °C; and 36.0+4.94, 36.2+£1.92,
32.0£1.75, 37.3+2.8 and 34.0+1.8%, respectively.

Excreta from starter (from 14 to 18 d of age) and growth
phases (from 27 to 31 d of age) were totally collected with
metal trays covered with plastic and placed under the cages,
twice a day - early in the morning and late in the afternoon.
Iron oxide was added at 0.01 g kg/diet on the first and the
last day of collection as marker to determine the beginning
and the end of total excreta collection. Samples were
placed in plastic bags, identified weighed and frozen. Feed

intake of each replicate was calculated by subtracting the
amount of feed that was not consumed from that supplied
for the broilers. Excreta from each replicate were melted
and homogenized. Then, two samples from each replicate
(200 g/sample) were placed in aluminum containers and
maintained in a forced air laboratory oven (55 °C) during
72 hours to dry. Afterwards, samples were ground in Wiley
mill for analysis.

Feed and excreta were analyzed in duplicates to assess
the levels of nutrients and energy. Dry matter was obtained
in laboratory oven at 100 °C during 16 hours; total nitrogen
was obtained by the Kjeldahl method (Nx6.25); and crude
fat was determined by extraction with petroleum ether
and ashes in muffle furnace at 600 °C during 4 hours.
Mineral solution was obtained from ashes according to
recomendations of Silva & Queiroz (2002), minerals were
decomplexed by adding chloride acid, which allowed
for calcium and phosphorous analysis. Calcium was
determined by atomic absorption in a GBC equipment
(932AA, Analitica, Sao Paulo, Brazil) and phosphorus with
a spectrophotometer (B-395, Micronal, Sdo Paulo, Brazil).
Gross energy was determined by oxygen bomb calorimeter
(Parr, Modelo — 1271, Moline, USA).

Metabolizable energy was calculated using the
equations proposed by Matterson et al. (1965) and the
apparent digestibility coefficient (ADC) of the nutrients
was calculated by:

ADC nutrient — VoNutrient ingested — % Nutrient excreted * 1)
DM ingested

Intestinal transit time corresponded to the time from
feed ingestion until full elimination of excreta, both marked
with iron oxide (as described previously). This parameter
was evaluated at 14 and 27 d of age in each experimental
replicate.

Intestinal viscosity at 20 and 34 d of age was determined
with one bird from each replicate, which was euthanized
by cervical displacement for collection of digesta content
from jejunum. Samples were centrifuged at 15,000 rpm for
15 minutes, then 0.5 mL of supernatant was separated and
left to heat at 25 °C. Viscosity was measured in duplicates
with digital viscometer (Brookfield DV-III) with a spindle
CP-40.

Experimental results were analyzed to verify the
presence of outliers, the attendance to presumptions of
normality for studentized errors and the homogeneity of
variances. Data was subjected to analysis of variance using
the GLM procedure of software SAS® (Statistical Analysis
System, version 9.1) to determine the adequate regression
equations according to the levels of pectin supplementation.
Correlation coefficients (r?) between the intestinal transit
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Table 1 - Composition and nutrients of the experimental diets (g kg as fed)
Starter phase Growth phase

Ingredients Pectin

0 10 20 50 0 10 30 50
Corn 475.0 475.0 475.0 475.0 525.0 525.0 525.0 525.0
Soybean meal 369.2 369.2 369.2 369.2 309.5 309.5 309.5 309.5
Soybean oil 57.5 57.5 57.5 57.5 74.0 74.0 74.0 74.0
Dicalcium phosphate 19.0 19.0 19.0 19.0 16.4 16.4 16.4 16.4
Limestone 8.2 8.2 8.2 8.2 7.5 7.5 7.5 7.5
Salt 4.7 4.7 4.7 4.7 43 43 43 43
L-lysine- HCL (78%) 6.1 6.1 6.1 6.1 3.0 3.0 3.0 3.0
DL-methionine (99%) 3.4 3.4 3.4 3.4 4.0 4.0 4.0 4.0
L-threonine 1.4 1.4 1.4 1.4 0.8 0.8 0.8 0.8
Antioxidant! 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin and mineral premix? 5.0% 5.0? 5.0% 5.0% 5.0° 5.0° 5.0° 5.0
Inert* 50 40 20 0.0 50 40 20 0.0
Pectin® 0.0 10 30 50 0.0 10 30 50

Calculated composition
Metabolizable energy (Kcal kg™') 3,000 3,000 3,000 3,000 3,175 3,175 3,175 3,175
Crude protein 216.2 216.2 216.2 216.2 190.2 190.2 190.2 190.2
Calcium 9.2 9.2 9.2 9.2 8.1 190.2 190.2 190.2
Available phosphorus 4.6 4.6 4.6 4.6 4.0 8.1 8.1 8.1
Sodium 22 2.2 22 22 2.0 4.0 4.0 4.0
Digestible lysine 15.0 15.0 15.0 15.0 11.3 2.0 2.0 2.0
Digestible methionine 6.3 6.3 6.3 6.3 6.6 11.3 11.3 11.3
Digestible lysine + methionine 9.1 9.1 9.1 9.1 9.1 6.6 6.6 6.6
Digestible threonine 8.3 8.3 8.3 8.3 7.0 9.1 9.1 9.1
Analyzed nutritional composition

Dry matter 898.6 897.8 903.3 891.1 892.3 894.6 880.9 888.0
Humidity 101.4 102.2 96.7 108.8 101.7 105.4 119.0 112.0
Crude protein 248.4 249.8 248.5 2433 218.2 214.1 219.1 217.1
Crude fat 83.8 82.7 83.8 82.3 103.7 106.7 112.0 115.0
Gross energy (Kcal kg™ 4,082 4,132 4,147 4,202 4,557 4,546 4,828 4,891
Ash 102.9 99.2 90.2 69.4 103.2 95.0 79.5 62.0
Calcium 8.8 8.8 9.0 9.0 8.0 7.9 8.1 8.1
Phopshorus 7.1 6.,8 6.2 5.6 5.7 6.5 6.0 6.4

! Antioxidant - Butylated hydroxytoluene.

2 Composition of vitamin-mineral premix per kilogram of feed: selenium (54.6 mg); copper (25,000 mg); calcium pantothenate (1,900 mg); niacin (69.30 mg); manganese (15,252 mg);
iodine (260 mg); zinc (18,250 mg); biotin (32 mg); choline (120 g); vitamin A (1,400,000 1U); vitamin B1 (356 mg); vitamin B12 (2,000 mcg); vitamin B2 (1,920 mg); vitamin

B6 (693 mg); vitamin D (600,000 IU); vitamin E (5,000 mg); vitamin K (196 mg); antioxidant (100 mg); coccidiostat (25,000 mg); bacitracin zinc: (10,000 mg).

3 Composition of vitamin-mineral premix per kilogram of feed: selenium (54.6 mg); copper (25,000 mg); calcium pantothenate (1,900 mg); niacin (69.30 mg); manganese (15,252 mg);
iodine (260 mg); zinc (18,250 mg); biotin (32 mg); DL-methionine (270 g); choline (120 g); vitamin A (1,400,000 IU); vitamin B1 (356 mg); vitamin B12 (2,000 mcg); vitamin
B2 (1,920 mg); vitamin B6 (693 mg); vitamin D (600,000 IU); vitamin E (5,000 mg); vitamin K (196.5 mg); antioxidant (100 mg); coccidiostat (22,000 mg); growth promoter

(bacitracin zinc: 10,000 mg).
4 Inert: kaolin.

3 High-ester pectin with high degree of jellying ability, high amount of soluble carbohydrates (85%), and non-starch; extracted from citrus pulp (GENU® pectin B rapid set-Z,

CP Kelco, Limeira, Brazil).

time, the intestinal viscosity and the excreta moisture
content and the other variables analyzed were obtained
using the PROC CORR procedure of software SAS®. The
statistical significance level was a = 0.05.

Results

In the starter phase, intestinal transit time (ITT),
intestinal viscosity (IV), excreta moisture content (EMC),
apparent metabolizable energy (AME), nitrogen-corrected
apparent metabolizable energy (AMEn), apparent coefficient
of metabolizability (ACM), nitrogen-corrected apparent
coefficient of metabolizability (ACMn) and apparent
digestibility coefficient (ADC) of: dry matter (ADCDM),

crude protein (ADCCP), organic matter (ADCOM) and
calcium (ADCCa) were significantly influenced (P<0.05)
by the pectin level for this phase of development in broilers
(Table 2).

Intestinal transit time and IV presented significant
linear increase (P<0.05) according to the pectin levels in
the diet, whereas EMC decreased linearly. Significant
linear behavior was observed for AME, AMEn, ACM and
ACMn (P<0.05) according to the levels of pectin, thus
these energy values and coefficients increased as the pectin
levels increased.

The results indicated a quadratic effect for ADCDM
and a crescent linear effect for ADCOM and ADCCP as a
function of pectin concentration. However, ADCCF, ADCA
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and ADCP were not influenced (P>0.05) by the levels of
ingested pectin (ADCCF: y = 80.22, ADCA: y = 32.45;
ADCP: y = 59.95) and ADCCa presented significant linear
effect (P<0.05), decreasing as the pectin levels increased
(Table 2).

In the growth phase (Table 3), the ITT presented
significant quadratic effect (P<0.05) as a function of pectin
levels, and the highest ITT values were obtained with the
ingestion of levels between 10 and 30 g pectin/kg of diet
(Table 4). Results of IV and EMC presented significant linear
and quadratic effect (P<0.05), respectively, as a function of
the pectin levels. The lowest percentage of EMC occurred
with the ingestion between 10 and 30 g pectin/kg diet.

The AME, AMEn, ACM and ACMn values were
described by a significant quadratic effect (P<0.05) as a
function of the pectin levels in the feed. The highest values
of AME and AMEn were obtained between 10 and 30 g
pectin/kg diet. When pectin levels were below 1%, ACM
and ACMn presented the highest values.

The ADCDM, ADCCF and ADCCP values increased
linearly (P<0.05) as a function of the pectin levels, whereas
for the values of ADCOM, a quadratic behavior could be
observed (P<0.05) and the levels below 10 g pectin/kg diet
resulted in the highest ADCOM. Linear behavior (P<0.05)
was be observed for ADCA and ADCCa and quadratic
behavior for ADCP as a function of pectin levels. The

Table 2 - Means and regression equations of the pectin levels in the feed considering the parameters for the starter phase

Pectin (g kg)

Regression equations 2 P-value CV (%)
0 10 30 50
ITT 149.83 141.68 168.83 160.00 Y =0.0004x + 1.68 0.2801 0.0135 5.22
v 5.10% 5.34 69.03 271.30 Y=0.13x + 1.11* 0.8398 <0.0001 8.07
EMC 0.761 0.752 0.731 0.712 Y =-0.010x +0.762 0.7757 <0.0001 1.53
AME 2,856.83 3,026.74 3,213.30 3,099.90 Y =162.74x +2.867.46 0.3954 0.0129 3.41
AMEn 2,669.51 2,828.21 2,986.09 2,911.48 Y =139.96x + 2.682.65 0.4075 0.0179 3.45
CAM 0.699 0.732 0.775 0.748 Y =-0.035x +0.701 0.3091 0.0361 4.40
CAMn 0.654 0.684 0.720 0.683 Y =0.029x + 0.656 0.2860 0.0324 3.33
ADCDM 0.652 0.691 0.757 0.726 Y =-0.006 x> + 0.047x + 0.652 0.4210 0.0014 3.92
ADCOM 0.813 0.841 0.905 0.948 Y =0.033x +0.811 0.8951 0.0008 1.48
ADCCP 0.563 0.593 0.682 0.668 Y =0.049x + 0.558 0.4994 0.0289 6.03
ADCCF 0.8.6 0.825 0.842 0.783 Y =0.802 - 0.1284 9.99
ADCA 0.374 0.253 0.472 0.486 Y =0.324 - 0.3654 31.56
ADCCa 0.648 0.601 0.583 0.503 Y =-0.026x + 0.643 0.6310 <0.0001 6.85
ADCP 0.583 0.611 0.574 0.485 Y =0.599 - 0.2649 9.00

Data was compared using the transformed variable * (y0.00558).

ITT - intestinal transit time (min); I'V - intestinal viscosity (Centipoise); EMC - excreta moisture content (%); AME - apparent metabolizable energy (kcal/kg); AMEn - nitrogen-
corrected apparent metabolizable energy (kcal/kg); CAM - coefficient of apparent metabolizability (g/g); CAMn - coefficient of nitrogen-corrected apparent metabolizability
(g/g); ADC - apparent digestibility coefficient: DM - dry matter (g/g); CF - crude fat (g/g); CP - crude protein (g/g); OM - organic matter (g/g); A - ash (g/g); Ca - calcium (g/g);

P - phosphorus (g/g).
CV(%) - coefficient of variation.

Table 3 - Means and regression equations of the pectin levels in the feed considering the parameters for the growth phase

Pectin
Regression equations 12 P-value CV (%)
0 10 30 50
ITT 162.67 172.17 172.17 147.83 =-3.08x%+ 12.40x + 162.73 0.5005 0.0014 6.65
v 9.04** 12.37 150.14 258.58 Y =0.15x + 1.28** 0.8252 <0.0001 8.08
EMC 81.48 80.30 78.80 81.37 Y = 0.40x% — 2.09x + 2867.46 0.6245 <0.0001 1.07
AME 3457.02 3373.62 3414.66 3045.34 Y =-26.92x> + 63.76x + 3.415.20 0.5612 0.0289 4.16
AMEn 3244.52 3154.33 3254.15 2866.97 Y =-28.52x% + 85.08x + 3.193.52 0.5069 0.0006 4.07
CAM 75.86 74.20 70.76 61.01 Y =-0.57x%> - 0.02x + 75.49 0.8226 0.0191 4.08
CAMn 71.20 69.37 67.43 57.83 =-0.69x%+ 0.77x + 70.54 0.7999 0.0100 3.98
ADCDM 66.80 66.31 63.25 57.09 Y =-195x+67.75 0.6397 <0.0001 4.62
ADCOM 82.86 75.89 74.52 59.28 Y =-4.07x + 82.17 0.5179 <0.0001 10.77
ADCCP 64.92 65.50 55.69 50.79 =-3.16x + 66.35 0.6709 <0.0001 7.43
ADCCF 72.86 72.09 68.17 60.84 Y =-042x>-0.31x +72.84 0.8094 0.0435 3.71
ADCA 13.71 15.90 22.92 25.01 Y =2.39x + 14.00 0.3951 0.0010 30.60
ADCCa 58.89 60.84 64.18 61.91 =-2.11x+61.08 0.4334 0.0005 7.74
ADCP 53.91 54.59 58.90 44.85 Y =- 1.49x% + 6.04 + 52.57 0.6410 <0.0001 7.28

Data was compared using the transformed variable and **(y0.12674).

ITT - intestinal transit time (min); IV - intestinal viscosity (Centipoise); EMC - excreta moisture content (%); AME - apparent metabolizable energy (kcal/kg); AMEn - nitrogen-
corrected apparent metabolizable energy (kcal/kg); CAM - coefficient of apparent metabolizability (g/g); CAMn - coefficient of nitrogen-corrected apparent metabolizability (g/g);
ADC - apparent digestibility coefficient: DM — dry matter (g/g) - CF - crude fat (g/g); CP - crude protein (g/g); OM - organic matter (g/g); A - ash (g/g); Ca - calcium (g/g); P - phosphorus

(g/®).
CV(%) - coefficient of variation.
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Table 4 - Pearson’s correlation coefficients (1) between intestinal transit time, intestinal viscosity and excreta moisture content and the other
evaluated parameters for each developmental phase of the broilers

CA ADC
ITT v EMC AME  AMEn
M Mn DM CF CP OM A Ca P
Starter phase
ITT - 0.43* -0.57* ns ns ns ns ns ns ns -0.66* 0.56*  -0.71%* ns
v - - -0.81* ns 0.45% ns 0.63* 0.47* ns 0.57*  -0.60* 0.60*  -0.62* ns
EMC - - - -0.54*  -0.58* -0.50* -0.44* -0.58* ns -0.66* 0.61*  -0.59* 0.59* ns
Growth phase
ITT - ns -0.54*  0.57*  0.57* 0.57* 0.58* 0.54%* 0.42%* 0.41%* 0.57* ns ns 0.65*
v - ns -0.60* -0.51* -0.81* -0.78%* -0.74*  -0.69* -0.79*  -0.79%* 0.56*  -0.80* ns
EMC - ns ns ns ns ns ns ns ns ns ns ns

* Level of significance: 5% by T test. n=6 replicates per treatment.

ns - not significant; ITT - intestinal transit time (min); IV - intestinal viscosity (Centipoise); EMC - excreta moisture content (%); AME - apparent metabolizable energy (kcal/kg);
AMEn - nitrogen-corrected apparent metabolizable energy (kcal/kg); CAM - coefficient of apparent metabolizability (g/g); CAMn - coefficient of nitrogen-corrected apparent
metabolizability (g/g); ADC - apparent digestibility coefficient: DM - dry matter (g/g) - CF - crude fat (g/g); CP - crude protein (g/g); OM - organic matter (g/g); A - ash (g/g);

Ca - calcium (g/g); P - phosphorus (g/g).

apparent digestibility coefficient of organic matter increased
and the ADCCa decreased with the higher pectin levels.
Higher ADCP were observed with the ingestion levels from
10 and 30 g pectin/kg diet.

At the starter phase, IV presented positive correlation
with ITT and highly negative correlation with EMC. The
EMC correlated negatively with ITT.

Metabolizable energy and metabolizability coefficients
did not present significant correlations with ITT, whereas
with EMC, a tendency of negative correlation could be
noticed. Intestinal viscosity did not show significant
correlations with AME and ACM but a positive correlation
could be observed with AMEn and ACMn. Correlation of
ITT with ADCOM was negative, whereas with ADCDM,
ADCCF and ADCCP there was no significant correlation.
The apparent digestibility coefficient of dry matter and crude
protein correlated positively with IV, and negatively with
ADCOM. There were no significant correlations between
ADCCEF and IV. Excreta moisture content correlation was:
negative with ADCDM and ADCCP; positive with ADCOM;
and not significant with ADCCF. The apparent digestibility
coefficient of ash presented positive correlation with ITT
and IV, and negative correlation with EMC. The apparent
digestibility coefficient of calcium correlated negatively
with ITT and IV, and positively with EMC. There were no
significant correlations between ADCP and ITT or IV and
EMC.

At the growth phase, IV did not present correlation
(P>0.05) with ITT and EMC. A moderate negative
correlation was observed between ITT and EMC. Apparent
metabolizable energy, AMEn, ACM, and ACMn showed
moderate positive correlation with ITT. Intestinal viscosity
presented moderate negative correlation with AME and
AMEn; and high negative correlation with ACM and
ACMn. There was no significant correlation (P>0.05)

between the energy values and the EMC coefficients. The
apparent digestibility coefficients of DM, CF, CP and OM
presented a moderate positive correlation with ITT and a
high negative correlation with I'V. Significant correlations
among the digestibility coefficients with EMC did not
occur (P>0.05). Positive correlation between ADCP and
ITT (P<0.05), between ADCA and IV (P<0.05), and high
negative correlation between ADCCa and IV (P<0.05) were
detected. However, there was no significant correlation
(P>0.05) between ADCA, ADCCa and ITT, between ADCP
and IV, and between ADCA, ADCCa, ADCP and EMC.

Discussion

This study evaluated the effect of different pectin levels
in the diet on energy utilization, nutrient digestibility and
mineral absorption in broilers at starter and growth phases.

In the first phase, as pectin levels in the feed were
increased the IV increased and EMC decreased, which
explains the high negative correlation between these
parameters. Simultaneously, the ITT increased as the pectin
levels increased and fiber was responsible for only 30% of
variability in this parameter. The ITT correlation with IV
was positive and with EMC it was negative, demonstrating
their influence on ITT. The increase in ITT and IV and
the decrease in EMC when the pectin levels increased can
be explained by the hydration property of soluble fibers,
forming jelly (Conte et al., 2003; Fietz & Salgado, 1999;
Santos Junior, 2003; Gutkoski & Trombetta, 1999). Thus,
these three parameters presented significant correlation
at the starter phase. The increase in IV was observed by
several authors who used purified and soluble non-starch
polysaccharide added to the diet in experiments with
broilers (Jia et al., 2009), pigs (Buraczewska et al., 2007)
and fishes (Amirkolaie et al., 2005; Leenhouwers et al., 2006
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and 2007), showing a similar effect in different species of
vertebrates.

Energy utilization increased (AME, AMEn, ACM,
and ACMn), but less than 40% could be explained by
the variation in fiber levels. Concomitantly, ADCOM
and ADCCP also increased, indicating that the increase
in energy absorption involves higher digestibility values
of organic matter, and consequently of crude protein,
considering that pectin does not influence ADCCF. This
fact can be reinforced by the positive correlation observed
between IV and AMEn, ACMn, ADCDM and ADCCP, as
well as by the absence of significant correlation between IV
and AME, ACM and ADCCF. These observations evidence
the pectin properties of water absorption and the ability
of jelly formation (Fietz & Salgado, 1999; Gutkoski &
Trombetta, 1999; Conte et al., 2003; Santos Junior, 2003),
which influenced AMEn, ACMn, and the digestibility of
dry matter and crude protein.

Broilers presented the best apparent digestibility
coefficient of organic matter (ADCOM) when the inclusion
of pectin in the feed was increased. Vergara et al. (1989)
described the retention time of Cr-mordanted fiber from
wheat meal (an insoluble indicator) in broilers and verified
a decrease from the first until the third week of age,
whereas the retention time of Cr-EDTA, another insoluble
marker, increased. Those authors suggested that this result
can be explained by the beginning of cecum functioning,
increasing fermentation rate and causing the disappearance
of the soluble fiber fraction. Benicio (1996) affirmed that
these variations occurred due to the quantity and type
of microorganisms colonizing the gastrointestinal tract.
Biochemical conditions of the digesta are a result from
physiological response to the chemical composition of diet;
and these conditions affect availability and concentration of
substrate, and consequently the formation of products by the
microbiota (Barrow, 1992). Shakouri et al. (2006) evaluated
the effect of non-starch polysaccharides on microbial
population at different intestinal segments and verified that
the addition of pectin to the diet increased the population
of anaerobic microorganisms at the proximal portion of the
intestine. Langhout et al. (1999) found a higher population of
anaerobic bacteria in the ileum when 30 g high-methoxyled
pectin were added per kg of diet, whereas Wanger & Thomas
(1978) found high amounts of bacteria in all portions of
the intestine. Therefore, the good use of organic matter
observed at the starter phase of this study can be related to
the increased number of bacteria from the gastrointestinal
tract of broilers supplied with higher pectin levels.

Apparent digestibility coefficient of crude fat was not
influenced by the increase of pectin levels in the feed. Ide

et al. (1989) and Ikegami et al. (1990) affirmed that the non-
starch polysaccharides can influence the lipid metabolism
because viscosity can increase the secretion of bile, and
consequently result in loss of those acids in feces. Results
from this study do not agree with Edney et al. (1989), who
observed worse results for fecal digestibility of fat in rats
and an increase in IV in broilers.

Apparent digestibility coefficient of ash was not altered
by pectin ingestion, indicating that the influence of levels of
fiber ingestion on dry matter digestibility does not involve
ash digestibility at the starter phase. However, utilization
of calcium decreased as pectin levels in the feed increased
and no alterations in phosphorus digestibility could be
observed. These results were similar to those found by
Hetland & Svihus (2001), who did not observe effect of
the different types of carbohydrates on ash digestibility.
However, Van der Klis et al. (1993), who studied different
concentrations of carboxymethyl cellulose (CMC), verified
lower mineral absorption when the CMC levels in the
feed for broilers was increased. Apparent digestibility
coefficient of ash was positively correlated, whereas
ADCCa was negatively correlated with ITT and I'V. The
decreased calcium utilization can be related to the increased
viscosity because of jelly formation. This can be explained
by the tridimensional structure of the jelly pectin, which
is a sequence of two galacturonic acids situated parallel
to the bond between calcium ion and the free carboxyls
(Braudo, 1991).

In the growth phase, the high pectin levels in the feed
continued to increase IV. However, differently from the
results of the starter phase, the highest ITT and the lowest
EMC values were estimated with 20.14 and 25.83 g pectin/kg
diet, respectively, explaining the absence of significant
correlation between IV and ITT, and between IV and EMC,
as well as the existence of moderate negative correlation
of ITT with EMC. The decrease in ITT and the elevation
in EMC with the ingestion of pectin levels above 3% must
be emphasized. Silva et al. (2010) observed that water
intake in broilers at the growth phase increased with the
ingestion of feed containing high pectin levels. Therefore,
the ITT decrease and the EMC increase with 3% of
pectin can be consequences of an increased water intake.
However, some substances can alter motor, absorptive and
secretory functions of the gastrointestinal tract, resulting
in constipation or diarrhea, dehydration and malnutrition
(Santos Junior, 2003). Thus, high viscosity of digesta
increases the secretion of endogenous water into the
intestine (Choct, 1997). Therefore, the ingestion of feed
with high pectin levels can cause the loss of tissue fluid to
the intestine at the growth phase.
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Energy utilization of feed by broilers decreased as
the pectin levels in the feed were increased. However, the
highest values of AME, AMEn, ACM and ACMn were
estimated using 11.84, 14.91, 0.22 and 05.55 g pectin/kg
diet, respectively. Variation in ME values considering
broiler age was also observed by Shires et al. (1987) for
broiler strains fed diets based on canola and soybean meal.
Those authors discussed that the low energy utilization of
the feed was related to the decrease of digesta passage rate
through the gastrointestinal tract (intake), which happens as
animals grow old. Annison & Choct (1992) also attributed
the variation in metabolizable energy values to the age of
birds and digesta passage rate for broilers fed cereal-based
diets with a high fiber concentration. In this study, the
values of AME, AMEn, ACM, and ACMn were positively
correlated with ITT and negatively with IV. Still, some
signs of difficult intestinal transit could be observed, such
as distended crop filled with feed; and strong and frequent
abdominal movements (these results were not measured).
Then, the decrease of metabolizability and apparent energy
coefficients at growth phase of broilers fed diets containing
pectin can be explained by the lower passage rate of
digesta and increase of IV. The differences observed in this
experiment for AME, AMEn, ACM and ACMn between
starter and growth phases according to the different pectin
levels in the diet demonstrate that the effect of pectin
ingestion depends on the quantity of this substance and the
rearing phase.

As mentioned before, ADCCF was not influenced
by the increase in pectin levels in the feed at the starter
phase. However, this parameter decreased at the growth
phase when fiber ingestion rose. These results are in
agreement with Edney et al. (1989), who verified worse
fecal digestibility of fat as IV increased. Decrease of lipid
absorption can be partially explained by the retention of the
biliar salts by soluble fibers, phospholipids and cholesterol
(Vahouny et al. 1980). Isaksson et al. (1982) performed in vitro
experiments and showed that fiber has more inhibitory
effect on lipase than on other digestive enzymes. According
to those authors, viscosity negatively affects the absorption
rate of simple molecules instead of the whole quantity, and
probably, the mechanism is different for each molecule.
Moreover, larger particles such as micelles must have
strong bindings and present higher resistance to intestinal
peristaltism (Edwards et al., 1988).

Unlike the starter phase, growth phase presented
decreased calcium absorption and improved ash utilization
as pectin concentration increased. Still, the ingestion of
21.7 g pectin/kg diet increased phosphorus absorption,
showing that improvement in ADCA can be explained by

the higher absorption of other minerals, except calcium and
phosphorus. These results are different from the study of
Hetland & Svihus (2001), who did not find effect of the
different types of carbohydrates on ash digestibility. Van der
Klis et al. (1993) studied concentrations of carboxymethyl
cellulose and recorded low mineral absorption when
these concentrations in the feed of broilers increased, also
differing from this study. Similar to the starter phase, ADCA
and ADCCa were positively and negatively correlated with
IV at growth phase, respectively.

Conclusions

Pectin levels in the feed affect intestinal transit time,
excreta moisture content and feed digestibility according to
the developmental phase of the broiler. Intestinal viscosity
increases as pectin ingestion increases. Intestinal transit
time and intestinal viscosity have a higher influence on feed
digestibility at growth than at the starter phase. Therefore,
addition of pectin to the feed improves energy utilization of
broilers at the starter phase.
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