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Study of the combined utilization of wheat straw and unconventional feeds
in Southern China agriculture region

TU Yuan-lu, MENG Mei-juan, BAI Yun-feng, GAO Li-peng, YAN Shao-hua, LIU Ping, LIU Jian,
SONG Qian
(Liuhe Animal Science Base of Jiangsu Academy of Agricultural Science, Nanjing 210014, China)

Abstract: This study was conducted using gas production technique in vitro which mixed the rumen fluid with artifi-
cial saliva and keeping the feed sample under constant temperature and anaerobic environment to simulate rumen fermenta-
tion system. In this way ,we studied the fermentation characteristics of wheat straw ( WS) mixed with spraying corn bran
(SCB), soybean hulls (SH) , orange peel (OP) and apple pomance ( AP) at rations of 0 : 100, 25 : 75, 50 : 50, 75 :
25 and 100 : O in vitro. The results showed that the fermentation parameter HM and B of WS in vitro increased significantly
and the parameter lag reduced gradually after combining with four unconventional feeds.The A : P of combination of WS and

SCB was lower than WS (P<0. 05). The combination of WS and unconventional feeds could improve its fermentation ability

effectively due to the mixed complementary effects of nutrition.

ks B #7.2016-03-11 The best combination ratio of WS with other feeds were WS :
BEE£UH ARV B 200545 H [ CX(14)2103]; SCB(75:25) . WS: OP(50:50) WS: AP(75:25) WS:
S gs e R AT BHIF £ 35 ( 201203050-4) SH(75 : 25) in terms of the gas production associated effects
EBBI T IR B (1983-) , & VLVE R & A, 1, Bl BB 5% value. The ratio of propionic acid of VFA increased significantly
ROEENRREERESHI, (E-mail) with the increase of proportion of SCB in the combination of WS
tuyuanlul110@ 126.com; ( Tel ) 13851804073 and SCB, because the propionic acid had the higher energy con-

BHRAFE : 120, (E-mail) blinkeye@ 126.com version efficiency than acetic acid, so it should be more suitable
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for fattening livestock to promote its feed efficiency.
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Table 1 Nutrient composition of wheat straw and four-unconventional feeds

T H TYIR (%) MEA(%) PHERERSLE(%)  BEERRTLE (%) K (%) THRETEY (%) FAHE(%)
INEREFT 90.94 4.92 67.08 42.06 9.04 32.92 25.02
WEIR T oK 91.82 19.58 40.27 10.26 6.16 59.73 30.01
K J 90.58 8.09 62.56 46.64 4.21 37.44 15.92
YR 90.12 7.96 45.85 32.62 1.76 54.15 13.23
W 1 90.19 9.05 50.33 28.03 1.93 49.67 22.30
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F2 BR—ERNEMEESH
Table 2 The fermentation characteristic of single feed in vitro
. Fil A (g/ml) RS
12 h 24 h 48 h HREA S (ml)  PRERE(ml/h) PRIERETE] (h)

INEREFT 19.25+1.06d 75.25+0.35¢ 152.75+4.60d 178.04+0.72d 4.84+0.25d 8.40+0.36a
I K 115.00+1.41a 187.50+0.71a 240.00+0b 238.20+0.35¢ 10.30+0.29ab 1.04+0.09¢
¥ K 59.00+0.71¢ 130.75+0.35d 224.50+15.20¢ 249.87+2.95h 6.25+0.44d 2.37+0.57d
R 69.25+1.06b 173.25+1.77he 233.25+2.47he 242.91+2.44¢ 8.59+0.36¢ 3.40+0.09¢
KEW 42.33+2.02¢ 175.17+8.69h 275.50+3.54a 300.63+0.42a 11.22£0.71a 7.10£0.25b

[Rl—FIAR R hERR 25 53 B3 (P<0.05)

£3 TRLFIAEGHEIEESY

Table 3 The fermentation characteristic of wheat straw and unconventional feeds with different ratio combination in vitro

S (g/ml) FPRBH
A5 5 o " 8 h BHEROR PAURE PR
Ak (ml) (ml/h) (h)

INEFEFF c BEREKE 0:100  115.00+1.4la  197.50+0.71a 240.00+0a 238.20+0.35a 10.30+0.29a 1.04+0.09d
25:75 98.25+3.18b  178.25+1.77b 224.75£1.06b  224.4121.17b 8.9120.16b 1.45+0.22d
50 : 50 82.50+0.71c  162.00+0c 210.00£1.41¢  211.59+1.97¢ 8.39+0.34b 2.42+0.13¢
75 : 25 67.75£6.01d  144.25+5.30d 199.50+4.95¢  202.97+6.69d 7.01£0.17¢ 3.75+0.78b
100 : 0 19.25£1.06e 75.25+0.35d 152.7524.60d  178.04+0.72¢ 4.84+0.25d 8.40+0.36a

INAEFERT - R 0:100  69.25£1.06a  173.25+1.77a 233.25+2.47a 242.91+2.44a 8.59+0.36a 3.40+0.09d
25:75 58.75+1.77b  153.75+3.18b 218.00+2.83b  225.20+2.98h 7.59+0.09b 3.42+1.03d
50 : 50 42.75£5.30c  127.75%6.72¢ 197.50%2.83¢  205.82+0.60c¢ 6.7420.27¢ 5.02+1.03¢
75 : 25 34.25+0.35¢c  115.00£0.71c¢ 185.50+0d 193.20+1.75d 6.180.14c¢ 5.75+0.23b
100 : 0 19.25+1.06d 75.25£0.35d 152.75+4.60e  178.04x0.72¢ 4.84+0.25d 8.40+0.36a

INERERT + KGR 0:100  42.33+2.02a  175.17+8.69a 275.50+3.54a  300.63+0.42a 11.22+0.71a 7.10£0.25h
25:75 48.25£1.06a  182.75+2.47a 286.75£7.42a  266.85+3.49b 9.99+0.43b 7.55+0.33b
50 : 50 36.25+4.60b  166.25+0.35b 252.25+10.25b 232.27+0.08c¢ 8.34+0.68¢ 8.30+0.18a
75 : 25 29.75+1.06be  127.25+0.35¢ 223.25£0.35¢  213.86%5.45d 7.16+0.54d 8.700.18a
100 : 0 19.25+1.06d 72.75+0.35d 152.7524.60d  178.04+0.72¢ 4.84+0.25¢ 8.40+0.36a

INEFERE WG IR 0:100  59.00£0.71a  130.75+0.35b 224.50+15.20a 249.87+2.95a 6.25+0.44b 2.37+0.57d
25:75 55.50+0.71ab  136.00+0.71ab  218.25£0.35ab 242.25+0.06b 6.32+0.30b 2.78+0.22d
50 : 50 51.50x1.41b  143.50+4.24a 209.75£1.77b  214.570.65¢ 7.22+0.24a 4.55+0.40c
75:25 33.25+1.06c  112.25+3.89¢ 182.75£1.77¢  189.4220.23d 6.23+0.24b 6.00£0.26h
100 : 0 19.25+1.06d 75.25+0.35d 152.75+4.60d  178.04+0.72¢ 4.84+0.25¢ 8.400.36a

[ —F A 14 G AN TR] - B8R 22 5 8.3 (P<0.05)
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NI B IR AR B BE MY, NERFTS
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Table 4 Associated effects of cumulative gas production at different

time
FEAR LA ROVAR (%)
H A L]
12 h 24 h 48 h

INEREFF: 25:75  8.53x2.07¢  7.33x1.57¢  3.29+0.06 ¢
BOKEREL 50.50 27276380b 22.50:2.04b  8.26+3.00b

75:25 48.86x5.43a 41.18+5.01a 16.095.75a
INEREFF 2 25:75  8.43+1.92a  3.05+0.39b  1.63x1.77b
PR 50:50 -1.62+9.83h  1.61#2.91b  0.63x0.89 b

75:25 10.54£323a 16.09+2.10a  7.48+1.78 a
INEFRERT 2 25:75 -3.73x0.04a  6.61x1.98b  4.61+1.89 ab
KR 50 :50 -13.95+2.54h -4.36+3.45¢ -0.16x2.16b

75:25 -7.432291a 15.13:4.12a  9.38+2.80 a
INEFRERF 2 25:75  15.18+4.10b  18.33:x1.08¢  6.93x1.12D
CERE 50:50 38.05x0.16a 43.75+3.82a 13.88+1.09a

75:25 17.37x1.75h  26.75:0.81b  8.31x4.25h

[R]—ZAH A1 4H A AN Rl - B 7R 25 5 B3 (P<0.05)
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0.05), &K T SCB . — JrUHH 22 5 A 1 25 (P>
0.05) , /NEFEFF(WS) 53R (AP) 44 & VFA
FEAE WS : AP 4 50 = 50 Bt , 55 Hofth Hofoi) 22
AR E (P>0.05), NERF (WS) 5K K
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Table 5 Total volatile fatty acid concentration of each combination

after 48 h

SR NG TR EE (mmol /L)

UL Ngemehr : NERSHE: NERSFE . NERF -
WEIE oK B SR KRE R a5
0:100  60.07+0a 42.63+0a 77.1550a  67.85x13.45a
25:75  55.66+0.26a  35.29+5.12b  55.48+0.48b 45.70+4.07h
50:50 38.17+0.60b  35.91x0ab  46.84x1.39c 39.79:1.83bc
75:25  33.59+4.79b  32.89+2.83b  26.05+0e  27.76x2.95c
100:0  29.68+1.22b  29.68+1.22b  29.68x1.22d 29.68+1.22bc

[Fl—FUA R PR 7R 22 5 i (P<0.05)

R 6 AT, B — IRk v R e Y &R MR FE B
oM 51,25 mmol/L, 3 i i KL A 29.28
mmol/L, /NEFEFFSIIIK E K AEREH A,
B 2 I AR LA 3, R vk B R B A
INEREFE GG R MK E R A A5, LR W i
A H BURLRE EL 38 i 34 S SRR S 3 ke 34, H—
JEOARR Ff R B 1R TR VA o ey, SR IR, R G R
IR IR BE 20 S R 1 2 %, NEREFF(WS) 5
T FOK B2 (SCB) 1A, Bl A WK oK B2 BT o5 L A7)
R INFR M BE 2 38 i, WS = SCB iy 25 = 75 I}
PRIR Y B Fe v, Wk 2 v T LA L 1 ( P<0. 05) (0 5
H—SCB 3 AW E (P>0.05) , /INERFFS5KE
B WG F R A G, WA HEE BURREIT (5 E 3G
TR S e R ICE R ta g . /N REAT 53 R
YA, DITR M B Bl A S L T EL ) A 3 R SR IR
Hn 5 FEAIG

LR/ PIRAETE . — SRt th R IR A e >3
>R G SWEN FOK e, Feimr ik 3. 41, AR
H 173, INEREFF(WS) 5WBEK EK K (SCB) A&
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JE % U AE 525 B K (P<0.05) , WS : SCB 24 50 : 50
WA, /NERFT (WS) S35 (AP) 44, %
WS @ AP 24 50 = 50 [ LR/ I RAE W AR /N EE A
FF(P<0.05) , HAoh LB A3 5/ ERFF 22 A
F(P>0.05), NERFSRERAET BH K

*6 BHAMBhEZER WRIREMZE ARE

B e iz e AE 2 B AR 3 (H 22 R AR B 3
(P>0.05) , /NEFSFF ST a6, W& G+
Bz L B 88 iz Fe (g oKk (H2E R R B (P>
0.05) .

Table 6 The acetic acid concentration, propionic acid concentration and A : P of each combination after 48 h

INERERT : 3R

INEFERT + REZHE INEERERT W1

i H el INEFEFE - B R K

LR S (mmol/1.) 0:100 34.37+0a
25:75 32.35+0.12a
50 : 50 22.29+0.05b
75 : 25 20.17+3.50b
100: 0 20.28+1.01b

PSR B (mmol/1.) 0: 100 19.87+0a
25: 75 18.48+0.62a
50 : 50 13.06+0.48b
75 : 25 11.66+1.21b
100 : 0 8.51+0.15¢

LR/ RNIR 0: 100 1.73+0b
25:75 1.75+0.07b
50 : 50 1.71£0.06b
75 : 25 1.72+0.12b
100: 0 2.38+0.08a

29.28+0a 51.25+0a 49.22+12.43a
24.21+2.93b 37.55+0.69b 31.80+3.08b
23.76+0b 31.60+0.30¢ 26.84+1.46b
23.17+2.47b 18.12+0d 19.44+1.44¢
20.28+1.01b 20.28+1.01e 20.28+1.01c
11.99+0a 22.91+0a 14.43+0a
10.32+1.73abc 16.26+0.20b 11.56+0.25b
11.06+0ab 13.80+1.14c¢ 11.06+0.57b
9.20+0.47bc 7.80+0d 7.92+1.11c
8.51+0.15¢ 8.51+0.15d 8.51+0.15¢
2.44+0a 2.24+0a 3.41+0.86a
2.36+0.11ab 2.31+0.07a 2.75+0.21a
2.15+0b 2.30+0.17a 2.43£0.01a
2.52+0.14a 2.32+0a 2.47£0.17a
2.38+0.08a 2.38+0.08a 2.38+0.08a
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