In vitro fermentation and nutrients digestibility parameters of diets containing
different levels of sugarcane bagasse

M Behzadi!, S R Mousavi?, F Fatahnia®, S Yousefinejad? and M shamsollahi**

Received: October 25, 2022 Accepted: January 30, 2024

1 MSc graduated, Department of Animal Science, Ilam University, Iran

2 Ph.D, Department of Animal Science, Ilam University, Iran

3 Professor, Department of Animal Science, llam University, Iran

* Assistant Professor, Department of Animal Science, Ilam University, Iran
“Corresponding author: Email: m.shamsolahi@ilam.ac.ir

slo gy _ _
ol @olc ) Journal of Animal Science/vol.34 No.2/ 2024/pp 59-75
[Animatscioncs " Research ] https://animalscience.tabrizu.ac.ir
_/

© 2009 Copyright by Faculty of Agriculture, University of Tabriz, Tabriz, Iran
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
DOI: 10.22034/as.2024.51846.1664

Introduction: The high cost and scarcity of feed, and increasing demand for animal product such as
meat and milk increased the need for efficient utilization of high lignocellulose roughages for
ruminant production (Makkar 2018). Iran is one of the arid and semi-arid desert regions and is facing
a shortage of crops and fodder. On the other hand, there is always the problem of providing cheap
and acceptable quality feed for livestock, and one of the ways to solve this problem is to use unusual
feed such as crop residues and food factories; But most of these foods have not been studied and their
chemical composition and level of consumption for animals are not well known. This requires the
study of the effect of different levels of food sources on the diet and the determination of animal
production responses. Sugarcane bagasse can be used as a substitute for part of the diet forage (wheat
straw) for animal feed due to its high cellulose content and high palatability (Ahmed and Babiker
2015). The aim of this study was to investigate the effect of diets containing different levels of old or
fresh bagasse as a substitute for wheat straw in ewes's diet on chemical composition, fermentation
parameters and digestibility of dry matter and organic matter by gas production method. The in vitro
gas production technique is used widely in animal nutrition for feed digestibility. Based on the strong
relationship between measured digestibility and that predicted from gas production, regression
equations have been developed and the method has been standardized. (Dijkstra et al 2005; Getachew
et al 1998)

Material and methods: A sample of bagasse was obtained from a sugarcane factory located in
Khuzestan province and a sample of wheat straw was obtained from agricultural farms and
immediately transferred to a nutrition laboratory. The old bagasse was stored in storage for a year.
Experimental diets were adjusted based on the nutrient requirements of ewes (NRC 2007) and
included 50% forage (20% alfalfa and 30% straw) and 50% concentrate (32.5% barley, 10% soybean
meal, 7% wheat bran and 0.5% of vitamin and mineral supplements were based on dry matter. The
experimental treatments, old or fresh bagasse was replaced with wheat straw at different levels, so
that the experimental diets in the first experiment (old bagasse) included: Diet 1: Diet containing 30%
wheat straw, Diet 2: Diet containing 22.5% Wheat straw and 7.5% old bagasse, Diet 3: Diet
containing 15% wheat straw and 15% old bagasse, Diet 4: Diet containing 7.5% wheat straw and
22.5% old bagasse and Diet 5: Diet containing 30 Percentage of old bagasse; And in the second
experiment (fresh bagasse) including: diet 1: diet containing 30% wheat straw, diet 2: diet containing
22.5% wheat straw and 7.5% fresh bagasse, diet 3: diet containing 15% wheat straw and 15
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Percentage of fresh bagasse, diet 4: diet containing 7.5% wheat straw and 22.5% fresh bagasse and
diet 5: diet containing 30% fresh bagasse. The fresh bagasse sample was dried in an oven at 60 ° C
for 48 hours and after determining the dry matter content, along with the old bagasse sample, wheat
straw and experimental diets ground through a 1-mm screen using a Wiley mill, and analysed for dry
matter (DM), organic matter (OM), crude protein (CP) (AOAC 2019), neutral detergent fibre (NDF),
acid detergent fibre (ADF) and acid detergent lignin (ADL) (Van Soest et al 1991). For measurement
of methane production, the final gas production (end of 24 hours) was recorded after 24 hours of
incubation of the sample in ruminal fluid + phosphate buffer. Then 10 M sodium hydroxide was
added to the contents of the glass bottle to absorb the carbon dioxide gas. After absorbing carbon
dioxide (after about 10 minutes), the gas remaining in the syringe or glass bottle will be methane
(Fievez et al 2005). The chemical composition of the treatments statistically analyzed in a completely
randomized design and gas production, separation factor, dry matter and organic matter digestibility,
microbial mass production and production efficiency and methane production statistically analyzed
in a randomized complete block design. Statistical analysis of data was performed using SAS (2006)
software.

Results and discussion: The results showed that wheat straw compared to fresh or old bagasse had
a higher content of DM, CP, ash, Total gas accumulation 24h (ml), digestibility of DM and OM and
lower content of OM, NDF, ADF and ADL (P<0/05). The ADL and NDF contents of fresh bagasse
was lower than old bagasse (P<0/05). Among the experimental diets, the highest content of DM and
ash, and the lowest content of OM and ADF belonged to the diet containing 30 percent wheat straw
(P<0/05). Diets containing different levels of old or fresh bags had higher and lower NDF content,
respectively, compared to the diet containing wheat straw (P<0.05). The digestibility of DM and OM
in the diet containing 30 percent of old and fresh bagasse tended to decrease compared to its lower
levels (P = 0/08 and 0/07). In general, if the price of each kilogram of wheat straw is low compared
to bagasse, it can be suggested that a maximum level of 22.5 percent of bagasse be used instead of
wheat straw in the diet of ewes; Of course, the 30 percent bagasse level can also be used with caution.
It is recommended to use fresh bagasse instead of old bagasse in the diet of ewes.

Keywords: Fresh bagasse, Old bagasse, Wheat straw, Chemical composition, Digestibility of dry
matter and organic matter, Gas production
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Table 1- Chemical composition of wheat straw, old bagasse and fresh bagasse
Independent
. . Treatment 3
Chemical composition p. comparison
(%6DM) Wheat Oold Fresh SEM! )
value 1 2
straw bagasse bagasse
DM 96.50° 93.00° 92.00° 0.28 <0.01 <0.01 0.09
oM 87.00° 93.00? 92.00? 0.81 0.02 0.01 0.45
CP 4.752 1.98° 1.91° 0.09 <0.01 <0.01 0.60
NDFom 77.65° 88.512 80.41° 0.47 <0.01 <0.01 <0.01
ADFom 47.32° 64.562 60.26% 1.20 <0.01 <0.01 0.08
ADLom 10.42°¢ 22.312 19.44° 0.40 <0.01 <0.01 0.01
Ash 13.00% 7.00° 8.00° 0.81 0.02 0.01 0.45

1- Standard error of means.

2- In each row data with different superscripts are statistically different at P < 0.05 and trends at P < 0.10.
3- Comparison 1: Comparison of wheat straw against old bagasse and fresh bagasse, Comparison 2: Comparison of old bagasse

against fresh bagasse.
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Table 2- Chemical composition of diets containing different levels of old and fresh bagasse.

Experimental diet!

Parameters 1 2 3 4 5 SEM? P-valug®
Old bagasse

DM 98.00° 96.00% 94.00° 96.00% 93.75° 0.68 0.03
oM 91.00° 92.50%¢ 92.00" 94.50? 93.75%® 0.55 0.03
CP 15.44 14.85 14.18 14.75 14.88 0.38 0.35
NDFom 56.02¢ 57.31¢ 57.88 58.94° 61.66% 0.35 0.01
ADFon 34.36" 35.07° 35.71° 36.59% 39.542 0.82 0.03
ADLom 450 4.43 5.16 6.00 7.74 0.65 0.06
Ash 9.002 7.50%¢ 8.00% 5.50¢ 6.25% 0.55 0.03
Fresh bagasse

DM 98.00° 95.00° 94.50° 94.50P 96.00% 0.70 0.05
oM 91.00° 91.00° 92.50% 92.50% 94.002 0.54 0.04
CP 15.44 15.23 14.56 14.63 13.99 0.42 0.26
NDFom 56.02° 53.39° 53.74° 55.68? 54.40P 0.38 0.01
ADFon 34.36 32.12 32.58 33.64 32.25 0.73 0.10
ADLom 4.50 4.07 4.36 5.73 6.57 0.67 0.16
Ash 9.00% 9.00* 7.50% 7.50% 6.00P 0.54 0.04

1-Diet 1: Diet containing 30% wheat straw, Diet 2: Diet containing 22.5% wheat straw and 7.5% bagasse, Diet 3: Diet containing 15%
wheat straw and 15% bagasse, Diet 4: Diet containing 5 7.7% wheat straw and 22.5% bagasse and ration 5: Diet containing 30%

bagasse.
2- Standard error of means.

3- In each row data with different superscripts are statistically different at P < 0.05 and trends at P < 0.10.
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Table 3- Gas production and digestibility of wheat straw, old bagasse and fresh bagasse.

P-value? “Independen
t
comparison®
Parameters Wheat Old Fresh SEM! Treatment Block 1 2
straw bagasse bagasse

Total gas accumulation 24h 20.412 13.52>  18.79° 1.23 <0.01 0.48 <0.01 0.36
(ml)

Dry matter digestibility (%) 34.96° 2753 29.89°  1.39 <0.01 0.75 0.01 0.02

Organic matter digestibility 34.86°  29.03> 30.43> 1.03 <0.01  0.43 0.01 <0.01
(%)

1- Standard error of means.

2- In each row data with different superscripts are statistically different at P < 0.05 and trends at P < 0.10.
3- Comparison 1: Comparison of wheat straw against old bagasse and fresh bagasse, Comparison 2: Comparison of old bagasse

against fresh bagasse.
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Table 4- Effect of diets containing different levels of old bagasse on rumen fermentation parameters

Experimental diets? *P-value®
Parameters 1 2 3 4 5 SEM? Treatment Block
Old bagasse
Total gas accumulation 24h 68.55 64.28 64.37 63.17 56.98 2.67 0.07 0.57
l(\;Inel'zhane production (ml) 9.81 946 1020 9.34 9.73  0.75 0.93 0.39
Separation factor 3.70 3.96 3.84 3.89 4.17 0.25 0.75 0.69
Microbial mass production 103.85 118.15 111.85 113.22 128.81 9.52 0.46 0.75
l(\/lrni?;ZObial mass production 41.18 46.43 4506 4581 47.16 3.79 0.82 0.66
efficiency (%)
Dry matter digestibility (%) 55.17 54.09 51.77 51.38 4786 177 0.07 0.91
Oorganic matter digestibility 55.67 55.03 53.25 5247 4893 2.00 0.18 0.92
I(:/rogsh bagasse
Total gas accumulation 24h 68.55% 65.03* 65.12% 63.68% 58.80° 2.00 0.03 0.92
l(\r/lnelt)hane production (ml) 9.81 1048 10.72 1012 10.18 0.83 0.94 0.81
Separation factor 3.70 3.90 3.96 3.90 3.98 0.18 0.82 0.84
Microbial mass production 103.85 118.02 123.76 116.76 106.62 8.89 0.49 0.50
l(\/lmi?:iobial mass production 41.18 46.13 4750 46.67 4552 259 0.47 0.60
efficiency (%)
Dry matter digestibility (%) 55.17 5473 5449 5237 4826 1.87 0.08 0.75
Organic matter digestibility 55.67% 56.032 55.67* 53.86®® 49.37° 1.61 0.03 0.55

(%)

1- Diet 1: Diet containing 30% wheat straw, Diet 2: Diet containing 22.5% wheat straw and 7.5% bagasse, Diet 3: Diet containing
15% wheat straw and 15% bagasse, Diet 4: Diet containing 7.5 Percentage of wheat straw and 22.5% bagasse and ration 5: Diet

containing 30% bagasse.
2- Standard error of means.

3- In each row data with different superscripts are statistically different at P < 0.05 and trends at P < 0.10.
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Table 5- Significance level of independent comparisons of chemical composition and rumen fermentation
parameters related to diets containing 30% of wheat straw, 30% of old bagasse and 30% of fresh bagasse

Independent comparisons?

Parameters 1 2
Chemical composition (%6DM)

DM <0.01 0.03
oM <0.01 0.80
CP 0.08 0.17
NDFom 0.01 0.01
ADFom 0.01 <0.01
ADL 0.01 0.25
Ash <0.01 0.77
Rumen fermentation parameters

Total gas accumulation 24h (ml) 0.0007 0.59
Methane production (ml) 0.88 0.69
Separation factor 0.17 0.55
Microbial mass production (mg) 0.23 0.10
Microbial mass production efficiency 0.21 0.72
(%)

Dry matter digestibility (%) 0.003 0.88
Organic matter digestibility (%) 0.005 0.86

1- Comparison 1: Comparison of diets containing 30% of wheat straw versus diets containing 30% of old bagasse and 30% of fresh
bagasse and comparison 2: Comparison of diets containing 30% of old bagasse with diets containing 30% of fresh bagasse.
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