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Extended Abstract

Background: The production of lignocellulosic materials from agricultural and industrial
activities is substantial worldwide, representing the most abundant renewable energy source on
earth. A significant portion of these materials is utilized as animal feed, particularly in developing
countries with extensive livestock populations. Ruminants possess the unique ability to convert
relatively unusable fibrous by-products, such as straws, fruit waste, and bagasse, which have low
digestibility and are primarily composed of cell walls, into human-consumable products. This
conversion process is facilitated by the microbial fermentation occurring in the rumen, enabling
ruminants to extract energy from otherwise inaccessible carbohydrate sources for non-ruminant
species. The current study aimed to investigate the effect of replacing wheat straw, a commonly
used roughage source, with different levels of sugarcane bagasse on growth performance, nutrient
digestibility, and blood parameters of Zel fattening lambs.

Methods: The experiment was conducted in two distinct parts. The chemical composition, gas
production characteristics, and estimated energy values of the wheat straw and sugarcane bagasse
samples to be used in the feeding trial were determined in the first part. Three replicates of each
sample were analyzed for dry matter, crude protein, ether extract, ash, neutral detergent fiber, and
acid detergent fiber contents using standard procedures. Additionally, the gas production potential
of the samples was measured by recording the cumulative gas volume produced at 2, 4, 6, 8, 12,
16, 24, 48, 72, and 96 hours of incubation. The gas production data were fitted to the exponential
equation to estimate the potential gas production (b), the rate of gas production (c), and other
fermentation kinetic parameters. Based on the gas production values, metabolizable energy (ME),
organic matter digestibility (OMD), and short-chain fatty acid (SCFA) concentrations were
calculated using empirical equations. The effect of replacing wheat straw with sugarcane bagasse
on growth performance, blood parameters, and nutrient digestibility of Zel fattening lambs was
evaluated in the second part. The experiment was conducted at the research farm of the University
of Tehran, located in Pakdasht, Tehran Province, Iran. Fifteen Zandi male lambs with an initial
weight of 31 + 1.5 kg were used in a completely randomized design with three treatments and
five replications. The lambs were housed individually in individual cages and fed the
experimental diets for 90 days after a 10-day adaptation period. The experimental diets were
formulated as total mixed rations based on the NRC (2007) nutrient requirements for sheep and
included 1) a control diet containing 15% wheat straw, 2) a diet with 7.5% wheat straw and 7.5%
sugarcane bagasse, and 3) a diet with 15% sugarcane bagasse. At the beginning of the trial, the
lambs were weighed after a 16-hour fasting period, and this weight was considered the initial
body weight. Body weight was recorded every 2 weeks, and feed intake was measured daily. At
the end of the experiment, nutrient digestibility was determined using a 3-day collection of feces
using the AIA method. Blood samples were collected from the jugular vein at the end of the trial,
and serum was separated and analyzed for glucose, blood urea nitrogen (BUN), triglycerides,
cholesterol, total proteins, and albumin.

Results: The chemical analysis revealed that sugarcane bagasse contained a lower crude protein
content (2.67%) than wheat straw (4.46%), indicating its inferior protein quality. Conversely,
sugarcane bagasse exhibited higher fiber fractions, including neutral detergent fiber (88.5%) and
acid detergent fiber (70.59%), than wheat straw (NDF: 73.1 and ADF: 51.91). The gas production
results corroborated the chemical composition findings, showing that wheat straw had higher
potential gas production (b), metabolizable energy (ME), and organic matter digestibility (OMD)
than sugarcane bagasse. Regarding lamb performance, there were no significant differences in the
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feed conversion ratio among the dietary treatments. However, dry matter intake and BWG
decreased (P < 0.01) with increasing bagasse levels in the diet, which may be due to the higher
fiber content and lower digestibility of bagasse than wheat straw. The nutrient digestibility results
revealed that diets containing sugarcane bagasse had lower digestibility coefficients for crude
protein than the control diet containing only wheat straw. This finding is consistent with the
chemical composition and gas production data, indicating that the higher fiber and lignin content
of bagasse hinders nutrient utilization by the lambs. Blood parameters, including glucose, blood
urea nitrogen (BUN), triglycerides, and total protein, were not significantly affected by the dietary
treatments. However, lambs fed diets containing bagasse had lower serum concentrations of
albumin and cholesterol than the control group fed the wheat straw diet.

Conclusion: The results of this study demonstrate that sugarcane bagasse can be included up to
7.5% in Zel fattening lamb diets without negatively affecting the feed conversion ratio. Higher
inclusion levels of bagasse may decrease dry matter intake, potentially due to its higher fiber and
lignin content than wheat straw. The lower nutrient digestibility observed with bagasse-containing
diets, particularly for protein, can be attributed to the higher recalcitrance of bagasse fibers to
microbial degradation and fermentation. Overall, the findings suggest that sugarcane bagasse can
be considered a potential alternative fiber source for fattening lambs, particularly in regions where
it is abundantly available. However, the inclusion level of bagasse should be optimized to
maintain adequate nutrient utilization, dry matter intake, and performance.
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Table 2. Chemical composition and gas production fermentation parameters of experimental wheat straw and sugarcane

bagasse
izlef] s>
Experimental feed i
. 5L A5 o8
P, S s
e SEM Bagasse Wheat straw

(duoy3) S oolo
0.56 45 95.69 93.08 Dry matter (%)
(32)3) P& 9y
<001 040 267 4.46 Crude protein (%)
(Mo p) (i3 odingas p> Jolorals BLJI
<0.01 35 88.5 73.1 NDF (%)
Sl ol gl )d ng:ub Ul
<0.01 4.3 70.59 51.91 ADF (%)
(o) Pl 22
<0.01 0.03 0.31 0.45 Fat (%)
(ho) pld s
<0.01 0.13 8.11 7.62 Crude ash (%)
<0.01 32 318 450 (MIGDM) 555 155 il
Gas production potential
<0.01 0.45 33 6.1 (ml/h) 55 s 5
Gas productlon rate
<0.01 0.53 6.88 9.23 (MI/kg DM) pecelie L5 55,
Metabolizable energy
<0.01 0.4 3.66 5.41 (MI/kg DM) (523,:5 palls 55,
: : ! ’ Net energy for lactation
<0.01 38 338 50.9 () i S5 JI oske
: : ' : Digestible organic matter
<0.01 0.08 054 091 (MMol/200mgDM) )13 ¢ 2> sl

Volatile fatty acids

SEM: Standard error of means
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Table 3. Gas production of experimental wheat straw and sugarcane bagasse at different incubation times

ialel SThss

. Experimnntal feed . K .

P lade Celw) yomobsSSl b
) SEM G o5 o5 ( ) oomelisSl e

Bagasse Wheat straw

<0.01 0.02 2.0 5.8 2
<0.01 0.05 3.9 8.1 4
<0.01 0.2 6.9 10.3 6
<0.01 0.3 8.8 13.3 8
<0.01 0.3 11.7 21.2 12
<0.01 3.2 27.2 41.1 24
<0.01 11 38.7 57.6 48
<0.01 13 40.6 63.1 72
<0.01 1.2 415 66.1 96

SEM: Standard error of means
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Table 4. The effect of experimental treatments on performance traits of experimental lambs

) # il o o

P e SEM Experimental treatment Trai
5 T rait

<0.01 404 1247.0b 1510.1° 1546.9° (p5) lis) Shgs e peSike
Mean of dry matter intake (G/d)

<0.01 5.26 1175° 1517 165.8° (p5) iz crig A3 0Sibs
Mean of daily gain (g)

0.358 0.204 10.40 10.17 9.66 (o Jess oy

Feed conversion ratio
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- Means followed by different letters within rows indicate significant statistical differences. SEM: Standard Error of Means.
- The experimental diets included 1) a control diet without sugarcane bagasse and containing 15% wheat straw, 2) a diet containing
7.5% sugarcane bagasse and 7.5% wheat straw, and 3) a diet without wheat straw and containing 15% sugarcane bagasse.
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Table 5. The effect of experimental treatments on blood parameters of experimental lambs

. # palojl jlos o

Pl SEM Experimental treatment (trait) cao
3 2 1

0.07 0.057 6.7 6.25 6.47 (o/d) JS" 59
Tottla protein
0.03 0.044 3.60b 3.65b 3.85a (9/dl) (yses]
Albomin
0.07 2.7 835 90.0 937 (mg/dl) ;5 o5
Glucose
0.07 2.3 395 29.0 28.7 (Mgldl) (sl o59) 35,5
Urea nitrogen
0.02 18 44.0b 46.0b 54.3a (mg/dl) Jguds
Cholesterol
0.34 211 320 35 39.0 (Mgfdl) 2 pulS 5
Triglyserids
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- Means followed by different letters within rows indicate significant statistical differences. SEM: Standard Error of Means.
- The experimental diets included 1) a control diet without sugarcane bagasse and containing 15% wheat straw, 2) a diet containing
7.5% sugarcane bagasse and 7.5% wheat straw, and 3) a diet without wheat straw and containing 15% sugarcane bagasse.
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Table 6. The effect of experimental treatments on nutrient digestibility of experimental diets

P i SEM . \WLZ")‘ o . (Trail (%)) (o) o
0.35 18 71.6 72.4 71.6 St a3lo
Dry matter

<0.01 13 76.8¢ 79.2b 83.52 P Son
Crude protein

0.64 1.4 68.7 67.9 68.2 H> 0dng 5 Jy’“ilgﬁ;
0.28 1.7 68.9 71.0 70.2 sl oz ) J?l"“"Agif
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- Means followed by different letters within rows indicate significant statistical differences. SEM: Standard Error of Means.
- The experimental diets included 1) a control diet without sugarcane bagasse and containing 15% wheat straw, 2) a diet containing
7.5% sugarcane bagasse and 7.5% wheat straw, and 3) a diet without wheat straw and containing 15% sugarcane bagasse.
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Table 7. Gas production of experimental diets at different incubation times

i #edlos] jlag i L
P lado SEM Experimental treatment (ceelo) gmlisSSl o
3 2

<0.01 0.03 5.7b 7.0a 7.1a 2
<0.01 0.05 9.9b 15.7a 15.9a 4
<0.01 0.08 14.4b 27.1a 27.7a 6
<0.01 1.1 18.7b 34.7a 35.4a 8
<0.01 0.9 28.0b 42.9a 43.8a 12
<0.01 2.2 43.1c 55.2b 56.9a 24
<0.01 3.1 53.1c 65.5b 67.9a 48
<0.01 6.3 56.7b 69.2a 70.3a 72
<0.01 3.3 57.8b 70.8a 71.6a 96
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- Means followed by different letters within rows indicate significant statistical differences. SEM: Standard Error of Means.
- The experimental diets included 1) a control diet without sugarcane bagasse and containing 15% wheat straw, 2) a diet containing
7.5% sugarcane bagasse and 7.5% wheat straw, and 3) a diet without wheat straw and containing 15% sugarcane bagasse.
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Table 8. Gas production fermentation parameters of experimental diets

P e SEM Experimental treatment (Trait) cano
2 1

<0.01 5.4 58.2° 68.9° 70.3° (/200 mgDM) S 455 Jymslsy

Gas production potential

<0.01 0.7 5,10 7.7 7.7 (M) 55 355 ¢

Gas production ratio

<0.01 0.34 8.88° 10,775 11.04° (MI/kg DM) pililic JI6 5351

Metabolizable energy

<0.01 2.18 53.01° 65.06° 66.66° (10)) e LB Jl eole

Digestible organic matter

<0.01 0.048 0.95¢ 1.220 1.25° (MMol/200mgDM) ,1,% 2> Al

Volatile fatty acids
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- Means followed by different letters within rows indicate significant statistical differences. SEM: Standard Error of Means.
- The experimental diets included 1) a control diet without sugarcane bagasse and containing 15% wheat straw, 2) a diet containing
7.5% sugarcane bagasse and 7.5% wheat straw, and 3) a diet without wheat straw and containing 15% sugarcane bagasse.
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