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Table 1Effect of steam explosion on corn stover composition (on a dry matter basis)

VOB TIAL 2 45 A [& JE4) In solid WA In liquid
Arameters of steam TR Ra Ak 3 Klason A i 5% pH fH IR e VA TERE
explosion Cellulose/%  Hemicellulose/%  Klason lignin/% pH value Acetic acid/% _ Furfural/% Soluble sugars/%
A¥(FE Raw material ~ 22.02+1.11 16.2340.88 10.67+0.28 7.09+0.02 0 0 17.51£0.85
0.6 MPa, Smin 23.01+0.24a 15.22+0.47a 12.35+0.85b 6.14+0.02¢ 0.15+0.01¢ 0.01£0.01¢c 19.58+0.49b
0.8 MPa, Smin 24.33+0.36b 13.65+0.96b 13.45+0.67¢ 6.01£0.12¢ 0.33£0.03¢ 0.02+0.01c 20.11+0.37¢
1.0 MPa, Smin 26.28+0.58¢ 10.35+1.01¢ 13.99+1.24¢ 5.49+0.24¢ 0.38+0.04¢ 0.12+0.01¢ 22.08+1.24¢
1.2 MPa, Smin 27.28+0.98¢ 11.11+0.38¢ 15.33+1.22¢ 5.02+0.05¢ 0.54+0.09¢ 0.38+0.02¢ 23.74+2.47¢
1.4 MPa, Smin 30.66+2.14c¢ 7.82+0.25¢ 16.66+2.01¢c 4.26+0.08¢ 1.12+0.14c 1.44+0.02¢ 25.77+0.58¢

e BURE B a KRN BZENA B, b RRZEREE (P<0.05) , ¢ Rp-ZERBEE (P<0.01)
Note, letter a indicated that there were no significant difference between the data and control;b, there were significant difference (P <0.05);c, there were

extremely significant difference(P <0.01).
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Table 2  Silage quality evaluation items, standard and scoring results

a WG g sgpy TR Q0T sy @ik o B Q0% 89 (1004
explosion pH value (25 points) (20 points) Odor (25 points)  Color (20 points) Texture (10 points) Total points (100 points)

Rwiiiﬁiml 4.210.02(8) 74.6+4.2020) Pjifﬁi23fé) kﬁlfgig) NEZE¥Zé) 5525;E§L)

0.6MPa, 5 min 4.0120.20(17) 75.3+3.1(20) Lﬁﬁﬁﬁ% g‘i i?ﬁii Nﬂﬁé% 77:250?3)

0.8 MPa, 5min 3.8520.12(17) 76.7£2.7(13) Lfﬁ%i(rl(?n *Bﬁii%ﬁg Mig'{é%) 6677 E Ejfg)

1.0 MPa, 5 min 3.66+0.24(25) 774+1.2013) Swi?’ fﬁiﬁs()zs) ﬁi{fﬁg Mige(@) 83 (SEi(jitl{em)

1.2 MPa, 5 min 345+0.0325) 76.5+3.6(13) Swii%ﬁ[iﬁs()ﬁ) MLiijil;iﬂlé%) Mﬂiﬂé@) 77 (gggem)

1.4 MPa, 5 min 3.42+0.04(25) 77.9+2.5(13) . ﬁjiiﬁ(fgg) iz‘%nﬁ(é;)) Migég) s 35§é};nﬁ§;1)

E: FI 6 N H AT
Note: Quality evaluation was carried out after 6 months ensiling.
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Effect of steam explosion pretreatment on ensiling performance of dry
corn stover

Jia Jingxia, Liang Baozhong, Wang Yanhong, Zhao Yongliang, Li Jiandong
(Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract: Ensiling is an important crop straw feed processing method. It can not only effectively improve the
nutritional value of crop straws, but also increase the storage time. Currently the corn and silage corn cultivated
areas are 3.35X 10" and 2.083 X 10° hm? in China. The corn stover (CS) annual production is about 260 million
tons. However, due to the requirements of the moisture content and freshness, only the un-harvested or newly
harvested CS can be used as ensiling. This limits the operation time of ensiling and the scope of CS. In order to
expand the available range of CS and reduce the unnecessary use of additives, the advantages of three straw feed
processing methods of silage, microbial silage and steam explosion were studied. On these bases, the feasibility of
improving dry CS ensiling performance by steam-explosion pretreatment was tested in this work.

First, the dry CS was cut into 3-5 cm, adjusted the moisture content to 50% (w/w) and pretreated under
different intensities (0.8-1.4 MPa, 5 min) in a 5 L steam explosion reactor. The steam-exploded CS was
water-washed to remove the soluble fraction. Then the structural components of cellulose, hemicellulose and
Klason lignin in the solid residual and the soluble sugar, acetic acid and furfural in the water-washed liquor were
determined according to the two-step quantitative hydrolysis method recommended by National Renewable
Energy Laboratory (NREL). Based on these data, the material recovery ratio was calculated to evaluate the
efficiency of steam explosion pretreatment.

Then, the pretreated and un-pretreated CS samples were used in ensiling experiments. In addition to water,
any microbial inoculants and enzyme was not used. The samples including control samples were added tap water
according to the real moisture content and adjusted the final moisture content to 70% (w/w). Each 5 kg sample
was loaded in a sealed plastic bag and ensilaged in 15-25°C. Throughout the experiment, silage feed pH value,
organic acids and volatile basic nitrogen (VBN)/total nitrogen were determined from the periodic sampling (5, 15,
30 and 60 d). After six months ensiling, the silages were scored according to the Silage Quality Assessment
Criteria issued by the Chinese Ministry of Agriculture.

The results showed that the steam explosion pretreatment could degrade the hemicellulose in CS and increase
the oligosaccharides and monosaccharides content in CS. According to the pretreatment intensity, the soluble
sugars content in the CS increased from 17.51% to 19.58%-25.77%. At the same time, the pH value of raw
materials decreased from 7.09 to 6.14-4.26. The saccharide produced during the pretreatment played a positive
role to lactic acid bacteria growth in the ensiling. The silage pH value, the proportion of VBN/total nitrogen
decreased significantly, and the feed quality was improved. The pretreated CS from the optimum conditions (1.0
MPa and 5 min) increased its final score from 50 (normal) to 83 (excellent). The results also showed that higher
pretreatment intensity could not only increase the soluble sugar content, but also the furfural content in the
pretreated CS. When the pretreated steam pressure was higher than 1.0 MPa, the furfural production increased
significantly. Furfural made the pretreated CS smelled pungent, also affected the microorganisms growth. So, for
the final quality of silage, the suitable steam explosion pretreatment intensity choice was very important.

Low intensity steam explosion pretreatment made the dry CS obtaining a good ensiling performance, and
which expanding the ensiling substrates range.

Key words: straw, explosions, experiments, ensile
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