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Table 1. Chemical composition of untreated and treated (urea, ozone, ozone-urea) wheat straws

Treatments”

Compounds (% DM) 1 3 3 7 SEM P-value
DM 95.51° 95.822 96.04% 95.74be 0.14 <0.05
oM 89.00° 89.90° 88.70° 88.30° 0.20 <0.05
Ash 11.00° 11.10° 11.30° 11.70? 0.20 <0.05
NDF 82.60° 80.30° 69.90° 67.504 0.39 <0.01
ADF 65.20? 64.10% 58.00° 60.00%¢ 2.62 <0.05
ADL 16.40? 15.60° 9.80¢ 8.204 0.40 <0.01
pH 5.99 6.042 2.62b 2.64° 0.06 <0.01
Ccp 3.034 10.10° 11.66° 13.132 0.22 <0.01
NH — N 31.80? 27.30° 20.43¢ 8.574 0.17 <0.01
NH, — N 11.00¢ 13.43¢ 15.27° 21.37° 0.14 <0.01
Bonded organic — N 57.204 59.27¢ 64.30° 70.07° 0.12 <0.01
TDN 32.27° 35.66° 40.922 39.912 2.04 <0.01
NEL (Mcal/kg) 0.67° 0.75% 0.88° 0.86° 0.05 <0.01
NE, (MJ/kg) 0.00° 0.04% 0.172 0.15° 0.03 <0.01
DDM 38.11° 38.96% 43.722 42.16% 2.05 <0.05
DMI 1.454 1.50¢ 1.72b 1.782 0.01 <0.01
RFV 42.93P 45.14% 58.182 58.10° 2.57 <0.01

1. Untreated, 2. treated with urea (3% w/w, 24 h), 3. treated with ozone (3 g/h, 45 min), 4. treated with ozone (3 g/h, 45 min)

and urea (3% w/w, 24 h).

*d Means within a row with different superscripts differ significantly (P< 0.05). SEM: Standard error of the means
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Table 2. The volume of gas produced (mL/200 mg DM) and fermentation parameters of in vitro gas production
for untreated and treated (urea, ozone, ozone-urea) wheat straw

1 - Treatments 5 ) SEM Povalue

Gas (mL/200 mg DM)

produced at time (h)

2 0.00° 1.09° 1.10° 2.192 0.44 <0.01
4 0.12¢ 1.56° 2.04° 4.542 0.37 <0.01
6 0.474 2.18° 3.61° 6.732 0.39 <0.01
8 2.034 4.05° 5.80° 8.61° 0.60 <0.01
12 2.354 4.37° 5.96° 9.552 0.61 <0.01
24 9.38¢ 12.80° 16.95° 18.78* 0.75 <0.01
48 28.594 32.32¢ 39.722 35.52° 1.17 <0.01
72 35.154 38.54¢ 46.932 42.41° 1.71 <0.01
b 131.72# 95.70% 96.76% 65.33° 18.41 <0.05
c 0.005° 0.008° 0.010° 0.015° 0.001 <0.01
IVOMD24 (%) 25.294 31.52¢ 35.93° 38.24% 0.71 <0.01
ME (MJ/kg DM) 3.67¢ 4.82° 5.57° 6.012 0.11 <0.01
SCFA (mmol/200 mg DM) 0.204 0.28° 0.37° 0.412 0.01 <0.01

" 1. Untreated, 2. treated with urea (3% w/w, 24 h), 3. treated with ozone (3 g/h, 45 min), 4. treated with ozone (3 g/h, 45 min)

and urea (3% w/w, 24 h).

*d Means within a row with different superscripts differ significantly (P< 0.05). SEM: Standard error of the means
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Table 3. Band assignment of FTIR spectra for untreated and treated (urea, ozone, ozone-urea) wheat straw

Peak assigIr)lfrﬁlént in assigIr)lfrﬁlént in Peak intensity Attribution and description of
Number 1 2 3 4 FTIR absorption
references research

Characteristic of B-glycosidic

1 887-900 896-899 0.0265 0.0157 0.0271  0.0335 C-H deformation with a ring
vibration (Cellulose)

2 1150-1170  1152-1157 00481 0.0410 00482 00657 © O C  vibration (cellulose
and hemicellulose)

3 1220-1268  1221-1242 - 00303 - 00478 Cudiacyl ring C-O siretching
(Change in lignin monomer)
Amide III (N-H in-plane
bending coupled with C-N

4 1310-1340 13181326 0.0072 0.0193 0.0180 00574 Sucching plus C=H and NI
deformation); Syringyl ring C-
O stretching (Change in lignin
monomer)
Imine (Shiff base) C=N

5 1590-1660 1601-1642  0.0185 0.0266 0.0322 0.0610  stretching, C=C aromatic
skeletal vibration (Lignin)
Ester-linked acetyl, feruloyl
and p-coumaroyl groups, C=0

6 1717-1760 1723-1731  0.0142 0.0129 0.0249  0.0562  stretching, unconjugated
carbonyl (hemicellulose and
lignin)
C—H stretching, methyl, and

7 2830-3000 2852-2867  0.0229 0.0209 0.0203  0.0308 methylene groups (CHs, CH,)

8 2906-2950 2916-2918  0.0296 0.0240 0.0257 0.0379  C-H stretching (Cellulose)

9 32003400 33353344 0.0337 00407 00316 00683 Ol stretehing vibrations of

polymer (Cellulose)

1. Untreated, 2. Treated with urea (3% w/w, 24 h), 3. Treated with ozone (3 g/h, 45 min), 4. Treated with ozone (3 g/h, 45

min) and urea (3% w/w, 24 h)
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Fig. 1. FT-IR spectra of wheat straw: 1. Untreated, 2. Treated with urea (3% w/w, 24 h), 3. Treated with ozone (3 g/h, 45
min), 4. Treated with ozone (3 g/h, 45 min) and urea (3% w/w, 24 h)
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Abstract

In this research, an ozone gas-based oxidation technique for enhancement of delignification along with urea-based
chemical treatment as a nitrogen source was used to improve the nutritional value of wheat straw. The experiments
were performed with four treatments and three replications in a completely randomized design. Experimental
treatments of wheat straw were 1. Untreated sample, 2. Separate treatment with urea (3% w/w, 24 h), 3. Separate
treatment with ozone (3 g/h, 45 min), and 4. Combined treatment of ozone (3 g/h, 45 min) with urea (3% w/w, 24
h). The results showed that ozonized treatments had a significant improvement (£<0.01) in the nutritional value
of wheat straw compared to the untreated and urea-treated samples. Also, According to the results, the combined
ozone-urea treatment increased the nutritional value of wheat straw more than urea and ozone treatment alone.
The combined ozone-urea treatment caused a reduction of 18.28%, 7.97%, and 50% in NDF, ADF, and ADL,
respectively. Also, improving the nutritional value was observed by increasing 333.3%, 22.5%, 23.67%, and
35.34% in CP, bonded organic-N, TDN, and RFV, respectively, and improvement of gas production parameters
were obtained by increasing 100.21%, 63.76%, 34.93%, and 46.43% for GP24, ME, IVOMD24, and SCFA,
respectively, as compared to control sample. Overall, from the results of this study, it can be concluded that
combined ozone-urea treatment is comparable to traditional and existing novel treatment methods, which due to
its ability to perform at ambient temperature, atmospheric pressure, and short-time treatment, can be used as a
suitable alternative in agricultural straw treatments.
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