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wheat straw (7 . 3 mixed) were used as test materials. The nutritional value of straw products was evaluated by measuring
the conventional nutrients, CNCPS components, gas production in vitro, and physical structure of straw before a steam
explosion and at different times (0, 24, and 120 h) after the explosion. We found that crude fat (EE), acid detergent insoluble
protein (ADIP), neutral detergent insoluble protein (NDIP), monosaccharide (ESC), soluble protein (SP), total volatile fatty
acid (VFA), and calcium (Ca) of mixed straw at different times after the steam explosion were significantly higher than
before the steam explosion (P < 0. 05). In contrast, dry matter (DM), neutral detergent fiber (NDF), acid detergent fiber
(ADF), lignin (ADL), starch, and phosphorus (P) content were significantly (P < 0. 05) lower than before the steam
explosion. The CNCPS component, CHO, starch (CB,), soluble fiber (CBs), non-digestible fiber (CC), insoluble true protein
(PB,), and fiber-binding protein (PB,) in the steam explosion group were significantly lower than those in the control (P <
0.05). However, non-fibrous carbohydrate (NFC), volatile fatty acid (CA;), lactic acid (CA,), water-soluble carbohydrate
(CA,), ammonia (PA;), soluble true protein (PA,). non-degraded protein (PC), and soluble true protein (PA,) were
significantly higher than those in the control (P < 0. 05). Steam explosions could eliminate some anti-digestion materials in
straw, increase the contact unit area for microbial activity, gas production, dry matter digestibility, and the relative feeding
value (RFV) of corn-wheat straw (P < 0.05). Scanning electron microscopy (SEM) showed that the fiber bonds in corn stalks
and panicle skin were broken, the cell wall of the mesophyll was destroyed, only the filamentous veins and filamentous
lignin, which were difficult to break, remained, and fibers and fiber bundles became soft and curled after steam explosion
treatments. Thus, steam explosions used could significantly change straw’s physical and chemical properties and improve its
nutritional value and feeding quality. It is a very effective way to treat straw so that it can be used as feed.

Keywords: corn straw; steam explosion technology; nutrient composition; CNCPS; in vitro gas production; fiber structure
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KEHN R G REBOA R A 7 F72 55 R 4R
A 5 R AR B B B OK 2T (2017 4F 10 H WioEk
T KK S JE R BRI EKER), 5
AINEFREFFLL T 1 3 EEBI I SR A AR IR B R, IR
PR AL BERTIR S A B K &N (56.28% + 0.15%).

L1l VRS AR NS H

FHEEE. WBERARN L4, BEFY
130 kg, VBRI K 108 2.0 MPa, il AR Bl
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Table 1 Nutritional components of straw before and after steam explosion

BIRRIY

Nutrient

K5I (CK)

No steam explosion 0 h after steam explosion 24 h after steam explosion 120 h after steam explosion

HEJE Oh

UG 240

ARG 120 h

T Dry matter/% 89.95+0.01a 83.65 + 0.06b 84.05£0.01b 83.89 + 0.06b
HFE A Crude protein/% 7.63 +0.16b 7.47 +0.00b 8.41 +0.02a 731+0.01b
K45 Ash/% 7.99 +0.05a 8.02 +0.02a 7.13£0.01b 6.80 +0.01c
EWi Crude fat/% 0.00 + 0.00d 4.96 +0.03b 5.12 +0.00a 4.83+0.0lc
Al B A Soluble protein/% 1.65 £ 0.06¢ 4.62+0.02b 4.96 +0.02a 4.61+0.03b
FRPEE AN B E ADIP/% 1.03 +0.02¢ 2.02 +0.00b 245+0.0la 243+0.0la
R BES AN B H NDIP/% 2.53 +£0.05d 3.01 +0.00c 3.43+0.0la 3.15 +0.00b
Yk A 4 NDF/% 70.18 +0.16a 52.26 +0.05¢ 53.11 +0.03b 52.99 + 0.09b
B PEBE B 2T 4k ADF/% 4498 +0.16a 31.80 + 0.04b 33.87+0.12b 32.41 +0.09b
KR % Lignin/Y% 9.90 +0.01a 7.28 +0.00c 8.07+0.01b 6.96+0.01¢c
MAERPEREWTTRE VFA/% 2.04 £ 0.09d 8.43+0.0la 6.55+0.01c 7.98 +0.01b
JERS Starch/% 3.66+0.01a 0.00 % 0.00c 0.13 +0.04b 0.00 % 0.00c
H# Monosaccharide/Y% 2.39 +0.03d 9.35+0.02¢ 11.94+0.02a 11.59 + 0.05b
£ Calcium/% 0.36+0.01b 0.50+0.01a 0.50 = 0.00a 0.51 + 0.00a
T Phosphorus/% 0.26 + 0.00a 0.24 + 0.00b 0.21 +0.00c 0.22 +0.00d

TP AT AR NG 7 Ror 2 5 5 (P < 0.05), F20.

Different lowercase letters within the same row indicate significant differences at the 0.05 level, similarly for Table 2. ADIP, acid detergent insoluble

protein; NDIP, neutral detergent insoluble protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; VFA, volatile fatty acid.

* 2 RIBRETETEFT CNCPS R 4Y

Table 2 CNCPS composition of straw before and after steam explosion

CNCPS A5} ARIVRAL(CK) FHJE Oh FURJE 24 h FUBEJE 120 h
CNCPS composition No steam explosion 0 h after steam explosion 24 h after steam explosion 120 h after steam explosion
CHO/% 84.38£0.21a 79.56 £ 0.01c 79.35+0.03¢c 81.07 £0.02b
NFC/% 14.20£0.37d 27.30 £ 0.06b 26.24 £ 0.06¢ 28.08+0.11a
CA,/% 2.04 +0.09d 8.43+£0.0la 6.55+0.01c 7.98£0.01b
CAY/% 0.00 + 0.00d 8.33+0.0la 6.45+0.01c 7.87+0.01b
CA3/% 0.00 0.00 0.00 0.00
CAY/% 9.53+0.07d 17.14 £ 0.04c 18.34 +£0.03b 19.62 £ 0.03a
CB,/% 3.66+0.01a 0.00 £ 0.00c 0.13 £ 0.04b 0.00 £ 0.00c
CB,/% 0.00 0.00 0.00 0.00
CB3y/% 46.39+£0.19a 34.78 £ 0.06b 33.68 = 0.06b 36.41£0.11b
CC/% 23.76 £ 0.03a 17.47+0.01b 19.37+£0.03b 16.70 £ 0.01b
PA,/% 0.21+£0.01c 1.17£0.01b 1.31£0.0la 1.16 £0.01b
PA,/% 1.45 £ 0.05¢ 3.42 +£0.03b 3.65+0.02a 3.48 £ 0.02b
PB,/% 3.45+0.06a 0.00 £ 0.00b 0.02 = 0.00b 0.00 £ 0.00b
PB,/% 1.50 £ 0.07a 0.99 + 0.00b 0.98+0.01b 0.72+0.01c
PC/% 1.03 £0.02¢ 2.02 +0.00b 2.45+0.0la 2.43+0.01a

%N ETYWRES L CHO: BKWLEY: NFC: ALF4EMEpokIEY: CAy: HRMEMRNIER: CAy: FLER: CA;: HABAHIER: CA,:
KGRI EY: CBy: VEKY: CBy: WIVEVEA4E: CB;: FIVHILAF4EM: CC: AFNEALA4E: PA;: & PA,: FIVATEEE: PB): MAMH
HH; PBy: LS EEANG PC: FMEMEA.

In the table % means DM%; CHO: Carbohydrate; NFC: Nonfiber CHO; CA : Volatile fatty acids; CA,: Lactic acid; CAj: Other organic acids; CAy:
Water soluble carbohydrate; CB,: Starch; CB,: Soluble fibre; CBj;: Digestible fiber; CC: Indigestible fiber; PA;: Ammonia; PA,: Soluble true protein; PB,:

Insoluble true protein; Insoluble true protein; PB,: Fiber-bound protein; PC: Indigestible protein.
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DMD %n RFV i/}j 5 % T% % (P < 005) ’ %kﬁﬁu Z/‘J T% _A_I%Ii)%‘:tie%fge()gl(gsion = z)ﬁhk%afj{ie?slleam explosion
T 39% 1 30%; VURRJE AN IR ACE I 1R] DMD % 5 250 74 W e et

24 h after steam explosion 120 h after steam explosion

AN E (P> 0.05), 1 RFV ERE )G KE 24 h Al
120 h 04 0 h A A R AR, (R 35 T R TR
H (P <0.05)(F 3).
24 HREBEAERVERBHAHEEHETN

76 100 (5 B T, TR S TORHUY o
B AR 5 AR B R T T £ T
SORATE (B 2), FOKF 0 J 42 199 8 £ B R o e
F, ETAERAT AR R Gl TR, AT ER R Figure1 Gas ;)roduction curve of in vitro fern;entation of
W, A piniin, W RER. straw before and after steam explosion
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50

7= 5 & Gas production/(g-mL™")

®3 RBETREIEEREAENERNE

Table 3 Digestibility and relative feeding value before and after steam explosion

Kb Treatment Y% Digestibility (DMD)/% XA A/ {E Relative feeding value (RFV)
AR )% No steam explosion(CK) 52.73 +£0.12b 74.96 + 0.34c
7RJ%J5 0 h 0 h after steam explosion 73.07+1.19a 97.29+0.21a
77JBJ5 24 h 24 h after steam explosion 68.53 = 1.09a 92.50+0.11b
75J8)5 120 h 120 h after steam explosion 68.98 +3.10a 93.46 + 0.28b

R A BIAN R /NG 7 B R AN [ Ab 3L ) 22 57 45l 3 (P < 0.05)

Different lowercase letters within the same column indicate significant differences between the different treatments at the 0.05 level.

VRTIZEFF Stem before steam explosion VAR5 ZEFF Stem after steam explosion

JRIERITEEZ Panicle skin before steam explosion VARG TEEZ Panicle skin before steam explosion

B2 ERZFMBELIVRAFAEEDLTN

Figure 2 Comparison of fiber structure of corn stem and panicle skin before and after steam explosion
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JAF 4 AR ME B B R AR KR B, IX A B PR AR T
FEFFAA RS YRR BE 08 BN R FT 20 MO BE, T
KRR YR R B EHH, o REER. F
SR RN R AR R ORI R A R B, T
W Th R o ABFFCRBL, 750 A B S RS A R R
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