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Table 1- Feed ingredient and chemical composition of experimental diets fed to fattening lambs on DM basis

Feed ingredients (%DM) Treatments?

1 2 3
Un-treated sugarcane top 40 0 0
Sugarcane top treated with steam 0.0 40 0
Sugarcane top treated with steam and alkaline hydrogen peroxide 0.0 0 40
Corn silage 10.0 10 10
Barley grain 8.0 8 8
Corn grain 11.8 11.8 118
Wheat bran 8.0 8 8
Soybean meal 17.0 170 17.0
Sugarcane molasses 3.0 3.0 3.0
Salt 0.2 0.2 0.2
Mineral and vitamin premix 2 1.1 1.1 1.1
Limestone 0.5 0.5 0.5
Urea 0.5 0.5 0.5

Chemical composition (%DM)
Crude protein

Ether extract

Calcium

Phosphor

ME2 (Mcal/kg DM)

14.88 14.88 14.88
341 341 341
0.54 054 054
0.49 0.49 0.49
2.65 311 341

1 1- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet
containing sugarcane top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.

2 Composition per kg of premix: 600000 IU vitamin A, 200000 1U vitamin D3, 200 mg vitamin E, 2500 mg antioxidant,
195 g Ca, 80 g P, 21000 mg Mn, 2200 mg Mn, 3000 mg Fe, 300 mg Cu, 300 mg Zn, 100 mg Co, 12 mg | and 12 mg Se.
3ME= 0.04 + 0.1639 * (potential of gas production, ml/200 mg DM) + 0.0079 * Crude protein (g/kg DM) + 0.0239 *

Ether extrac (g/kg DM)
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Table 2- Chemical composition of sugarcane top un-treated, and treated with steam or alkaline hydrogen

peroxide (%DM)
Treatment methods
Chemical composition 1 2 3 SEM P-value
Dry matter 98.462 97.412 91.74° 1.17 0.010
Crude protein 2.65 2.40 2.71 0.21 0.10
Neutral detergent fiber 57.21* 50.62° 4898 1.06 0.002
Acid detergent fiber 52.86% 47.42° 4541* 135  0.03
Crude fiber 33.79° 31.62® 31.01° 1.12  0.04
Lignin 14.46%  13.04° 6.72° 1.24 0.001
Gross energy (Mcal/kg DM)  3.96°  4.65% 510* 0.27 0.003

11- Control (un-treated sugarcane top), 2- Sugarcane top treated with steam, 3- Sugarcane top treated with steam (184 °C,

17 atm.) and alkaline hydrogen peroxide 1%.
SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Table 3- The consumption (g) and nutrients digestibility of feed (%0) in fattening lambs fed experimental

treatments
Treatments?
1 2 3 SEM P-value

Dry matter intake? (g/day) 1150° 12182 12182 125 0.008
Digestibility (%)

Dry matter 60.1°  60.4° 64.7° 1.07 0.042
Neutral detergent fiber 31.8° 34.3P 37.7% 3.96  0.029
Acid detergent fiber 50.0° 55.8° 60.5° 1.86 0.02

11- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet
containing sugarcane top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.
2 Consumption of dry matter during digestion measurement (35 to 42 days).

SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Means in the same row with different superscript letters are
different (P <0.05).
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Table 4- Growth performance in finishing lambs fed
experimental treatments
Treatmen
tsl
Item 1 2 3 SE P-
M value

Initial
body
weight
(kg)
Final
body
weight
(kg)
Total
weight 5 es. 6970 8652 041 0000
gain 2
(ka)

Average  100. 1245 154.5a 0.41 0.000
daily Oc b 2
gain

(kg/d)

Feed 10.9a 9.3b 7.4c 0.5 0.000
conversi 3
on ratio

Feed 0.09 0.107 0.135a 0.00 0.002
efficienc 2¢C b 5

y

Dry 1109 1162 1135b 6.36 0.005
matter c a

intake2

(g/day)

30.6 309 29.6 1.83 0.86

36.3c  37.9b 38.2a 0.14 0.007

11- Control (diet containing un-treated sugarcane top), 2- diet
containing sugarcane top treated with steam, 3- Diet containing
sugarcane top treated with steam (184 °C, 17 atm.) and alkaline
hydrogen peroxide 1%.

2 Consumption of dry matter during the whole of the
experimental period (0 to 56 days).

SEM: standard error of the means.
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Table 4- Growth performance in finishing lambs fed experimental treatments

Treatments!
Item 1 2 3 SEM P-value
Initial body weight (kg) 30.6 30.9 29.6 1.83 0.86
Final body weight (kg) 36.3¢  37.9° 38.28 0.14  0.007
Total weight gain (kg) 5.65¢  6.97° 8.65° 0.41 0.0002
Average daily gain (kg/d)  100.0° 124.5° 154,52 0.41 0.0002
Feed conversion ratio 10.9? 9.3° 7.4¢ 0.5 0.0003
Feed efficiency 0.092¢ 0.107° 0.1352 0.005 0.002
Dry matter intake? (g/day) 1109° 1162° 1135° 6.36  0.005

11- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet containing sugarcane
top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.
2 Consumption of dry matter during the whole of the experimental period (0 to 56 days).

SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Table 5- Rumen parameters of fattening lambs fed with experimental treatments

Treatment!

1 2 3 SEM  P-value
pH 7.03 6.89 6.70 019 0.17
Ammonia-N, mg/100 mi 18.68 18.69 20.14 1.002 0.25
Total volatile fatty acids (mmol) 74.78° 85.74® 93.05° 7.11 0.54
Acetate (mmol/100 mmol) 51.84 5548 56.07 3.45 0.65
Propionate (mmol/100 mmol) 14.78° 17.99% 21.59* 245 0.029
Butyrate, mmol/100 mmol 6.11° 10.64® 13.31* 3.89 0.50
Isobutyrate, mmol/100 mmol 0.54 0.36 0.55 0.13 0.58
Valerate, mmol/100 mmol 0.59 0.77 1.01 0.25 0.56
Isovalerate, mmol/100 mmol 0.92 0.50 0.52 0.09 0.08
Acetate: propionate 3512 3.08° 260" 031 0.67

11- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet
containing sugarcane top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.

SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Table 6- Concentration of blood metabolites in lambs fed experimental treatments

Treatments?

2 3 SEM P-value

Glucose, mg/100 ml
Aspartate transaminase (SGOT), 1U/L
Alanine transaminase (SGPT), 1U/L

34.5¢ 42,63 49.63° 2.29 0.0001
73.50 7238 68.25 3.50 0.16
15.252 12.63° 13.25° 0.57 0.0001

11- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet
containing sugarcane top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.

SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Table 7-Carcass characteristics of fattening lambs fed experimental treatments (kg)

Treatment?

1 2 3 SEM  P-value
Live weight, kg 38.0 385 385 1.46 0.96
Warm carcass weight, kg 17.4 18.3 18.7 095 0.64
Skin weight (kg) 4732 430" 4.82%¢ 0.02 0.039
Four pens weight (kg) 0.990 0.878 1.06 0.05 0.19
Liver weight (kg) 0.463 0543 0540 0.04 0.38
Lung weight (kg) 0.358" 0.478* 0.548 0.02 0.016
Heart weight (kg) 0.110 0.120 0.138 0.008 0.18
Kidneys weight (kg) 0.085 0.095 0.095 0.007 0.57

Gastro intestinal track-fill weight (kg) 910 760 798 059 031
Gastro intestinal track-empty weight (kg) 288 289 318 016 044

Thigh weight (kg) 543 568 600 036 059
Wristband weight (kg) 297 305 303 010 0.4
Fatty tail weight (kg) 2.19 2.63 2.58 0.19 0.33
Neck weight (kg) 158 171 171 018 084
Order weight (kg) 0.833 0.830 0.883 0.045 0.68
Thorax weight (kg) 438 443 451 0102 0.69
Spleen weight (kg) 0.083 0.085 0.088 0.008 0.91
Testes weight (kg) 0.172 0.195 0.210 0.035 0.76
Visceral Fat weight (kg) 0.650 0.675 0.725 0.054 0.65
Carcass yield (%) 45.79" 47.53* 48.57° 0.45 0.003

11- Control (diet containing un-treated sugarcane top), 2- diet containing sugarcane top treated with steam, 3- Diet
containing sugarcane top treated with steam (184 °C, 17 atm.) and alkaline hydrogen peroxide 1%.

SEM: standard error of the means.

Means in the same row with different superscript letters are different (P <0.05).
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Introduction: A significant portion of livestock feed resources in Iran are roughage and fibrous
which are low in protein, minerals, and digestible energy. However, treated roughage and fibrous
have the potential to be used as an energy source in livestock diets (Adesogan et al. 2019). There are
10 sugarcane development companies in Khuzestan province, which have 127,000 hectares under
sugarcane cultivation and the area under sugarcane cultivation is 100,000 hectares per year
(FAOSTAT 2013). Sugarcane is harvested in two ways: black (burning) and green (harvesting with
a harvester). About 15 to 25 percent of the weight of sugarcane includes leaves and branches named
sugarcane top, so the green harvesting produces about 20,000 kg of wet biomass per hectare (Moradi
et al. 2019). Due to the area under sugarcane cultivation in the Khuzestan province, and its 50%
humidity, about two million tons of sugarcane top are produced each year. The sugarcane residues
remain on the ground during harvesting and a maintenance operation (burning the residue before and
after harvesting) must be performed which pollutes the air and the environment (Kingston et al. 2005).
Nonetheless, the sugarcane top residues can be treated to breakdown the lignocellulose structure and
degrade lignin increasing access of ruminal microorganisms to lignocellulose. In this study, we
evaluated the effects of steam and alkaline hydrogen peroxide treatment in improving the nutritional
value of sugarcane top for fattening lambs.

Material and methods: The present experiment was performed in Agricultural Sciences and Natural
Resources University of Khuzestan. The sugarcane top used in the present experiment was from
variety of CP73 and CP57 harvested from Imam Khomeini agro-industry company of Shushtar.
Sugarcane was dried and chopped into 2 to 3 cm pieces with a chopper and transferred to the
Shoaibiyeh livestock feed company for steam treatment after harvest. Steaming was conducted at
184°C for 4 minutes; the equal pressure was 16 to 18 atm. (average 17 atm.). The sugarcane top was
treated using a solution of 1% hydrogen peroxide (pH adjusted to 11.5 using a solution of sodium
hydroxide (alkaline hydrogen peroxide). Twenty-four Arabi male lambs with average live weight of
30.4 £ 5 kg were used in a completely randomized design with 3 treatments and 8 replicates for a
period of 70 days. Experimental treatments were: 1- control (untreated sugarcane top), 2- diet
containing steam treated sugarcane top, and 3- diet containing steam and alkaline hydrogen peroxide
treated sugarcane top.

Results and discussion: Treatment with steam and alkaline hydrogen peroxide significantly reduced
the percentage of neutral detergent fiber (NDF), acid detergent fiber (ADF), crude fiber, lignin, and
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increased the significance of the gross energy of sugarcane (P <0.05) yet had insignificant effect on
crude protein. Consistent with our results, others have reported a decrease in dry matter, NDF, and
ADF by applying water vapor under pressure. The decrease of these nutrients has been attributed to
the fragmentation or hydrolysis of all or part of the hemicellulose. Compared to control, average feed
intake, digestibility of nutrients, final weight, average daily gain, feed efficiency of lambs, rumen
propionate and total volatile fatty acids, and blood glucose were higher in treated sugarcane top fed
animals, treatment 3 having the highest values (P<0.05). The components of the experimental diets
are the same, and the only difference was in the type of treatments. Therefore, perhaps the reason for
the increase in feed consumption in steam- and/or steam-alkaline hydrogen peroxide treated
sugarcane top containing treatments is the improved digestibility. Increasing digestibility will cause
the material to pass through the rumen faster and thus animals consume more feed. The concentration
of alanine transaminase was lower because of the processing of sugarcane top (P<0.05). The
concentration of rumen ammonia nitrogen and pH, blood aspartate transaminase, and carcass traits
were not affected by the treatments. Therefore, treatment by steam and alkaline hydrogen peroxide
caused to improve the nutritional value of sugarcane top, and their combined use (third treatment)
showed greatest results.

Keywords: Alanine transaminase, Blood glucose, Chemical composition, Digestibility, Propionate,
Volatile fatty acids



