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ABSTRACT

In vitro digestibility methods are important because they & simulate the digestion
performed by the animals and are able to evaliateligestibility of the nutritional principles
of feed more quicklyThis study aimed to evaluate the gas productionimandtro digestibility of
growing rabbits fed with different levels of inclas of beet pulp (0, 9.41, 18.85, 32.94, 42.67 Yy/kg
The techniquef gas productionvasused using the bags of Ankon. Samples of 0.5g wereyhex

in bags of Ankon F57 and used to measure the gatuped. The caecum content was diluted in a
ratio of 1:1 (w/v) with a buffering mineral solutio The pressure generated was measured using a
digital pressure transducer. Fior vitro digestibility, the multienzymatic technique waseds with
ANKON filter bags (F57). An amount of 0.5g of saeplfrom the five dietary treatments, were
weighed in filter bags. In the first step, the s&wpwvere incubated at 40° C for 1.5 h in a fresh
solution of pepsin, in the second step, the sampie® incubated at 40° C for 3.5 h in a fresh
pancreatin solutionAs the last step, the samples were incubated #0°4h in a fresh caecal content
solution. The results were statistically analyzed throughdinaectional ANOVA, with beet pulp levels
as the main factor. For all data, linear and quadeffects were studied for the inclusion levels o
beet pulp using a polynomial contrallo statistically significant differences were ohsat for the
variables of B, C, A, TMTF, MFR and LAG (P>0.00However, a significant linear behavior was
observedas areduction in degradability (51.3 to 39.7%, P<0)08dd invitro digestibility (47.01 to
40.27%, P<0.001)same linear reduction of coefficients is observedhareases the inclusion of beet
pulp in the diet of these animdisr in vivo andin vitro methods.

Key words: degradability, digestibility, multienzymatic, dryatter, fibre.

INTRODUCTION

To determine the nutritional value of new feedsb& used in cuniculture, studies are needed for
adequate diets to be developed. There are varigd Wwa evaluate the digestibility of feed and
consequently their contributiotn vivo studies are more expensive, it is necessary & padkeep
animals, large amount of feed, considerable nurnbanimals, and in addition, time and specialized
workforce making it difficult to carry out theseudtes (Pascuatt al, 2000).In vitro digestibility
methods are important because they aim to simtha&teligestion performed by the animals and are
able to evaluate the digestibility of the nutritabiprinciples of feed more quickly, economicallydan
that still has a high correlation with the deterations made inivo.

This study aimed to evaluate the gas productionimmitro digestibility of growing rabbits fed with
different levels of inclusion of beet pulp (0, 9.48.85, 32.94, 42.67 g/kg).
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MATERIALS AND METHODS

Animals and experimental design

The substrates used in this evaluation were thee dara diets of treatments (Very low beet pulp -
VLBP, Low beet pulp - LBP, Medium beet pulp - MBHigh beet pulp - HBP, Very high beet pulp —
VHBP) with beet pulp inclusions (0, 33, 66, 11591g/kg). The technique of gas production was
described by Theodoraet al (1994) and adapted by Mauri@bal (1999), using the bags of Ankon
(Ankom Technology, Macedon, NY, USA). Samples &dgwere weighed in bags of Ankon F57,
sealed and placed in vials of 50ml previously wdsivh distilled water, dried in greenhouse and
preheated at 39 °C. The caecum content was dilntadatio of 1:1 (w/v) with a buffering mineral
solution (Theodorowt al. 1994). The pressure generated by the accumulatigas at the top of the
vials was measured using a digital pressure tramsdGas production was measured by readings after
0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 and 2df hincubation. Forin vitro digestibility, the
multienzymatic technigue was used (Pasetall, 2000), with ANKON filter bags (F57) proposed by
Abad et al (2013). An amount of 0.5g of samples from theefidietary treatments, previously
grounded to 1 mm, were weighed in filter bags.hie first step, the samples were incubated at 40° C
for 1.5 h in a fresh solution of pepsin, in theaet step, the samples were incubated at 40° C5dn 3

in a fresh pancreatin solution, as the last stéigr ahe second incubation an adaptation to the
technique was made (Ferreetal., 2017), where the cecal content diluted at aghfiel (w/v) with a
mineral buffer solution (Theodorat al.,1994) as an inoculum and incubated for 24h at 40°C

Chemical Analyses

Table 1. Composition of diets with different levels of begtThe chemical composition of
pulp experimental diets was determined
VLBP LBP MBP HBP VHBP by the AOAC (2000) method for
Ingredients (g/kg): dry matter (MS; 934.(?1), ash
Alfalfa hay 167,4 2053 2426 193,5 159,4 (967.05), crude protein (PB;
Corn grain 7.92% 2325 1694 106,2 64 0| 986.06), ether extract (EE; 920.39)
Soybean meal 45% 104,7 101,3 98,1 114,2 11y, ; .
Wheat Bran 1771 1866 1962 1612 187,323”?I caIC|tufrrE) (Ca; 927'0|2)' '?'je“tfa'
Soybean hull 2541 180,1 106,2 82,3 55, detergent iber was analyzed using
Beet Pulp 0 941 1885 3294 4267 thermostable amylase included
Molasses 20 20 20 20 20| residual ash (NDFa), acid
SQVblef?‘” Oil 251 265 279 215 20,6 detergent fiber was expressed with
I-Calclum . . .
phosphate 0 0 0 22 17 re3|dua_l ash (ADF) an(_JI_Ilgr_\m was
Limestone 6.8 4.4 2 0 0,03| determined by solubilization of
L-Lysine 0,9 0,8 0,7 0,2 0 cellulose with sulfuric acid and
izllit(::(;fizfsg(;hgz:s'g:liz;;z;ié:gt;%\?iltt)?)rglg(:)onlwz(')l;HTDGZSOmg'cobaIt'ZOO 00mg;copper:40.00g;choline:120.4 analyzed aCCOfding to Maertens
g;iron:20.00g;iodine:140.00mg;manganese:4000.00iagjm7500.00mg;selenium:20.00mg;vitaminA:2000000. (2002)’ AOAC (2000)' procedur_e
0lU;vitaminB1:400.00mg;vitaminB12:2000mcg;vitaminB200.00mg;vitaminB6:mg;vitaminD3:200000.001U;vi 973, 187 , using the seque ntial

process and filter bag system
(Ankom Technology, New York). Hemicellulose wemdaulated from the NDFa-ADF and cellulose
calculated from ADF-lignins. PH was measured usingligital pH-metr (model HI 221, Hanna
Instruments, Woonsocket, RI, USA). Phosphorusa@) measured through spectrometry (model E-
225D, CELM, Barueri, SP, Brazil), shown in table 1.

Statistical Analysis

The experiment was conducted using a completelgaimizved design. The hypothesis model of
normality and homogeneity of variance were examinsihg the Shapiro-Wilk and Levene test,
respectively. The results were statistically anedlythrough unidirectional ANOVA, with beet pulp

levels as the main factor. For all data, linear quadratic effects were studied for the inclusievels

of beet pulp using a polynomial contrast. Answemrevconsidered statistically different when
P<0.001, and the results were presented by metanglazd error (SEM). All statistical analyses were
made using Software R (R Core Team 2019).
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RESULTS AND DISCUSSION

Effect of inclusions of beet pulp in the cecotrophyf growing rabbits

Table 2 shows the results obtained by in vitro ysisl of gas production and digestibility. No
statistically significant differences were obserfedthe variables of B, C, A, TMTF, MFR and LAG
(P>0.001). However, a significant linear behaviaswobserved for the degradability andvitro
digestibility of dry matter (P<0.001) where, as the level oftipedp in the diet increases, there is a
reduction in degradability (51.3 to 39.7%, P<0.0@hd in vitro digestibility47.01 to 40.27%,
P<0.001).

Table 2 Gas production anih vitro digestibility of growing rabbits feed with differelevels of beet
pulp

Dietary treatments SEM Probability
VLBP LBP MBP HBP  VHBP Linear Quadratic

BDnR/Il/g 8543 101,81 96,03 97,95 1278 4,83 0,021 0,423
C 3,94 3,85 4,75 4,19 5,09 0,17 0,026 0,806

A 0,091 0,088 0,099 0,093 0,076 0,005 0,536 0,220
TMTF, H. 26,08 27,39 23,20 26,05 29,18 1,40 0,685 0,350
MFR, mli/h 2,18 2,22 2,81 2,45 2,98 0,12 0,020 0,885
LAG, h 3,95 4,32 5,59 4,85 8,79 0,612 0,014 0,283
DE(EZ')DM 0513 0498 0509 0429 0397 0013 <0001 0,043
DIEg/I(?)M 0,470 0,483 0,465 0,441 0,403 0,006 <0,001 0,001

Very low beet pulp - VLBP, Low beet pulp - LBP, Medilbeet pulp - MBP, High beet pulp - HBP, Very higkebpulp -
VHBP; A - Decay in the specific rate of gas produtt B - Maximum amount of gas produced; C - Spedifie of gas
production; TMFR;h - Time for maximum fermentatioata; MFR - Maximum fermentation rate; LAG - Latenicy
fermentation at the beginning of incubation; DEGBMry matter degradability; DIVDM - Dry matter initno digestibility;

SEM: standard average error;

Figure 1: Degradability and in vitro digestibility of De Blas et al, (2015), corroborated the

growing rabbits feed with different levels of beetPresent study when using the enzyme
pulp complex technique, already mentioned, to

evaluate co-products for rabbit feeding, they
Gasgproduction andin vitro digestibility observed good reliability of the data. It is
0.6 demonstrated that the technique can be used
._—.—_—_-o-==3=\.§. in the evaluation of food since the values are
04 in accordance with the recommended for
experimentation with rabbits. It was
observed that the digestibility coefficient of

Dry Matter

0.2

0 dry matter obtained from the adapted
VLBP LBP MBP HBP VHBP multienzymatic method and degradability by
Treatments gas production presented lower values when
—8—DEGDM =—@=—DIVDM compared to the dry matter (63,82 a 60,80%,
DEGDM - dry matter degradability; DIVDM - Dry matt vitro P<O’O.5) Obta.'med by the ‘.:Otal collection
digestibility ‘ technique. This can be explained due to the

fact that the cecal content used forvitro
analysis and gas production were of
animals that weraot adapted to diets with high levels of soluliteif or high inclusion of beet pulp
as in total collection, possibly this caused drytaradigestibility values to be lower.
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Unlike the present study, Kara (2016), observeduatiag diets with inclusion of beet pulp and
tomato residue, that there was an increase in gatugtion, possibly due to a higher fermentation
intensity by the microbiota, and this effect isatet to a higher soluble fiber content, insolutdetims

in water and lower levels of lignin and condensathins. Several authors are using the production of
gases to predict digestibility of diets for rabbéisd have found good results with the use of this
technique, being shown to be the predominantitro technique today for the evaluatiofidiets

for rabbits (Rodriguez-Romeast al, 2011).

CONCLUSIONS
It is observed that the caecum content used in teatimiques has great importance in determining the
in vitro degradability and digestibility of dietsrf growing rabbits, but the same linear reductién o
coefficients is observed as increases the inclusidreet pulp in the diet of these animals.
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