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Nutritional value of forage sweet sorghum and its gas production performance
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Abstract: This experiment studied the nutritional value and gas production performance, when incubated with
sheep rumen fluid, of sweet sorghum forage harvested at different crop growth stages. The forage sweet sor-
ghum cultivar Dajiang 3180 was harvested in August (S,), September (S,), October (S;) and November
(S,), the herbage nutritive value analyzed. And the relative feeding value (RFV), total digestible nutrient

(TDN), dry matter intake (DMI), digestible dry matter (DDM) and relative forage quality (RFQ) were evalu-
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ated. Herbage digestibility and the gas production at 3, 6, 9, 12, 24, 36 and 48 h were evaluated by in vitro
simulated fermentation. It was found that: 1) There were significant differences in dry matter, crude protein,
neutral detergent fiber, acid detergent fiber, ethanol extract and crude ash levels at the different harvest dates
(P<C0.05). 2) There were significant differences across the four harvest periods in RFV, DMI and RFQ (S, >
S, >S;>S,) (P<<0.001). The TDN and DDM of S, and S, were higher than the S, and S; harvests (P <<
0.001). 3) For the first 12 h of fermentation, there were gas production (GP) differences between the four
harvest periods (P<C0.001), with the GP of S; being the highest. After 24 h, the GP of S, was higher than S,
(P<C0.05); There were no significant differences in GP between the four harvest periods after 36 h incubation
(P>>0.05). 4) There were no significant difference in DMD between the four harvest periods at 12, 24 and 48
h of incubation (P>>0.05). In summary, the feeding value of sweet sorghum in the ‘hill and gully’ region of
the Loess Plateau, China, is highest in August.
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At 3 (R % 3180) M T H 7R 4 5 VU 117 4 2% 73 5 37 it e S a6 T #% A 6] 2 2017 4F 5 1 27 H L 3 5l
8—11 H (Z#) XF it & 34T B 10~15 cm W, IF 3 BIARICH S1.S, . Ss Fl S, 41 B KIS 1 Fi e 3 4L =
HLELHE, 65 CHET 72 h ZJ5 IR BRALR B L 40 H (0. 425 mm) G U 50 2 BURE  BOFE [ B 48 R A7 5
1.2 RXE&3HH

Ve 3 HUALL RA4F AR E 2000 28 kg B/ FEEAE 9 18 WAL 1A 3 ) o 1o 40 40 1) 32X 30 = 0 A7 B 1) DR 45 B Y
T DA W , A R ORE (800 AT 17:00), A HIEROK
1.3 M Z AR T &

L3157 g e R A ) DF I v ) R R A I A 2 B DR A3 BT B A ek S5 A RS AR ) R
1105 “CHEFEEME T4 5 (dry matter, DM 754 i H 4 H 3 27 48 73 Hr A CANKOM-2000i #L . 3¢ [{) i & 1k
VeV 2F 4 (NDF) FIR 1k Uk ¥ 21 4 CADE) 35 5 (1 42 [ 3l L G S0 (JK-9830., 110 M 2 ML &K F1 (CP) 75 425 2%
F 550 °C il K9 8 kI i MUK 53 (Ash) 5 f o 8 35 o0 00 A 295 28 T MR AN (B A9 7 Al o 604 6L AT Ak 5% 23 (rotal
digestible nutrient, TDN) =82, 38— (0. 7515 X ADF) ; A X # L i i (relative forage quality, RFQ) = TDN X
DMI/1. 23 ; #8 X 4] Fi #7 {5 (relative feeding value, RFV) = (DDM X DMI) /1. 29, H: & DDM (digestible dry
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matte) A A JH kT4 5 . DMI(dry matter intake) S HLERDRE A 4 5 b R & &%, DDM Al DMI (1) 75 45
B3 50 2
DMI=120/NDF
DDM=88. 9—0. 779 X ADF
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2). S, F1S, BFHAEN RS TDN #1 DDM ¥4 @& H2E 5 R B 3% (P>>0. 05) , AN BF I B & & 1 S, F10 S, B
(P<<0.001),
2.3 &R E RSN A AR

Wit 2 K T 10 B9 E K 431 st U0 A T v 3 10 7 A X R WA 0 L FE R FR 12 b 2280 S [ R 3 A v e e R
E TR (P<<0.00D), H S, BHH .S, B R R 24 h )5 4 DM R GP 2R A8
FH(P>>0.05) (& 3), 4 AAS[RIUSCHN 0 0% v DI e figh 38 4 7 i A8 RO i 98 40 7 R DA T A 7 R 25 57
BRI (P>>0.05), S, B HIAY ™Sl 2 2 5 T HAb 3 A (P<<0. 05) (F 1),

1 HERMNEFHSSE

Table 1 Nutrient content of sweet sorghum (dry matter basis, % )

W H Ttem S S, S; S FrifE iR SEM P { P-value
T4 i DM 93. 45a 92.97bc 92. 85¢ 93.17b 0. 003 0. 010
HLE A CP 10. 29b 8. 34d 8. 96¢ 14. 46a 0.901 <<0. 001
LG EE 2.93a 2. 27ab 1. 83b 1.92b 0.165 0. 040
MUK 4y Ash 14. 23b 12. 06¢ 9.33d 15. 98a 0. 930 <0. 001
rpME YL T 47 4 NDF 48. 44d 67.60a 61.24b 53. 03¢ 0.028 <<0. 001
AR PR VR U 4T 4 ADF 25. 6dc 37. 34a 30. 97b 25. ddc 0.018 <<0. 001

TE AT AR NG 5 B R R 22 57 W25 (P<<0. 05) , M I /NE TR sl B 5 BF R 8 22 R 3% (P>0.05) . FIH.
Note: Different lowercase letters in the same row mean significant differences (P<C0.05), the same letter or no letter mean no significant differ-

ences (P>>0.05). The same below.

®2 WHERMERNETRMG

Table 2 Evaluation of feeding value index of sweet sorghum

i H Ttem S Sy Ss Sy trifEiR SEM P {f P-value
AHXT A A A REV 170. 76a 106.19d 126. 98¢ 156. 34b 25.18 <<0. 001
ST AR 4 TDN (%) 63.11a 54.32c¢ 59. 11b 63. 26a 3.67 <<0. 001
TY R & DMI (%) 2. 48a 1.78d 1. 96¢ 2.26b 0.27 <0. 001
AlTE AL T4 it DDM (%) 68. 92a 59. 81c 64.78b 69. 08a 3.81 <0. 001
AHXF R G T RFQ 127.11a 78. 41d 94. 20c¢ 116. 40b 19. 00 <<0. 001

R3 HERENEBFSE

Table 3 The gas production of sweet sorghum in vitro fermentation (mL + g™')

] Time (h) St S, S; S, i fE iR SEM P {f P-value
3 37.63b 24. 88c¢ 47.85a 29. 20bc 10.13 <0. 001
6 53.58b 38.27¢ 76. 54a 61.23b 15.93 0.010
9 78.51b 55. 62¢ 112. 38a 92. 64ab 23. 90 <<0. 001
12 104. 88bc 82. 26¢ 134.11a 123. 02ab 22.67 <<0. 001
24 160. 28 149. 06 185. 28 189. 40 19.48 0. 060
36 222.78 190. 90 225. 34 222,77 16.41 0. 560
48 246.59 214.71 249. 15 240. 23 15.76 0. 640

2.4 #HZEBFRIEEES DMD = OMD
[R] — B} 38 A9 6 = 32 DMID Y Bt 5% 3% i 18] A9 S 2 80 B B Wit m a3 4 SR FRICEI W Ay B s e B 9F 12,
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24,48 h Jg DMD Y2 H A B & (P>>0.05), 835 24 h f5 4 ARG E RIS R E OMD 25 K5 & (P>
0.05)(F 5),

R4 HERENEBFSINESHY

Table 4 The kinetic parameters of gas production of sweet sorghum in vitro

i H Ttem S S S Sy PR SEM P {H P-value
R [ A 3 43 72K 4 GP of quickly degraded part (a, mL g™ 1) —2.58 1.92 0.09 —3.34 2.43 0.10
18 3 [ 7 38 40 7 S i GP of slowly degraded part (b, mL « g 1) 306.83  257.60 287.00 268.01 21.71 0.50
W AE 7= S 42 Potential GP (a+b, mL e+ g™ ") 304.25  259.52 287.09 264. 67 20.72 0.51
PR R H L Constant of GP rate (¢, % « h™1) 0.04b  0.04b 0.04b 0.05a 0.01 <<0. 001
TE 7 3RR P S i o DR B AR 5 43 7 A R/ e 2 XA A E
Note: “—” indicates gas production lag, and partial gas production of rapid degradation is determined by absolute value.

*5 HEREBBEFINEEMN DMD 1 OMD
Table 5 DMD and OMD of sweet sorghum in vitro fermentation (%)

i H Item i [E] Time (h) S S, S; Sy FrifiiR SEM P P-value
T T3 2 % DMD 12 50. 37 53. 34 62.33 46.51 3.19 0.38
24 59. 95 64.56 69. 64 69. 47 2. 90 0. 66
48 78. 28 66.12 78. 68 78. 87 2.30 0.12
HHWH K ZE OMD 24 71.18 71. 85 77.22 80. 48 3.12 0.74
3 iFig
3.1 HHIRERRSEE

HEP R A A K HOE 2 A A AR K 22 5%, CP & i J2 A i HLIRDRL B R K ) — S BB 4w . AR
FRM,F R CP &Il S,>S,>8,>S, . PG s R, 8 5 CP A B R b &2 80 Je R AR S T
B S, AbF A I 4y BERA , BLB ) CP & il 3 T 3 A B X 5 A A i A g A R —
LTI CP & HSEE .S, AL S, B B9 Ft e 38 F2 K P B . NDF Ml ADF 5 5K 3 19 T4 Bk £ & F1 AT i 4k
T 5 M OC AR BF S A5 SRR W L4 A AR TR CE I EE S 3 89 NDFE Al ADF 24 8 3L e REUE THm e $e, B S,
ST s e 2 s T 3 AL SR S, >SS, >SS, M S, S AL TN [ #E YR 5 AR [ I L BT LA S
BRBE R A KR HEE CP SR b R B W I A a3, ADF FI NDF S by 3 W T e 5 8 3, 3 15 R I8 46017 A
TEAE B, AR A Sk Bl 2 A I O 0 AR T A 0 MR S D E PERR AR S R R B
W2 FEAR L BT LA S, A0S, Bt 30 (0 v 3 58 R ARl MR s )

3.2 #HWHEGERMEL

] PR (1 2 PP O R AR 9 FE B4 A L R M RDRE A — R R & B AR . RFV & NDF il ADF 454
e, 48 B G L U0 % AR 0 SR (M L REV>100, U8 B2 RLARDRE 60 3 35 (e Y . AR e 4 i
WIS = 3 REVAEY KT 100, H S, >>S,>>S,>> S, , Uh I it g 3 & — Fl U8 J5T A B 1) e} 5% 050, 35 ‘] 2 20y 49 A X6
TS, RS, .Sy S, Bt 3 A0 e S A O i A 4R MR (B . TDN J& 28 & S WORLERDRL 9 T AL S R sh ¥ i Ak e 1 i &
BEHR AR LR B UL DRLIRDRL Y CP & S i, &1 2 3 St AR L T ekt ST A 41 AR SE R WL, S, RS, 1Y
TDN H B E & T S, M S, ULHHTE S, A S, BB iy it s 3 5 4. REQ 5 REV Z8 0L, # J2 $ (1 K 1) Ak 1)
FAANE B AHXTAS THE (0 REQ A8 HOR i A9 17 5 1RD8} i 0 358 FH PR A BHHORE , REQ (B 8 /87 14 08 L 4] R s It
WL AR 4 A UCEI T R REFQ MR S, >8>S, >>S, LB S, i 1 Ay 1) Ak b Jot 5 47, ] R A4
(ER=
3.3 G RRINR B AR

Tl R eI B 7 AR AR 32 R IR T A W X R R e AK Ab G R R B R A3 1 a3 A SR 2
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45 CO, .CH, Al H," . W5 R 8 B LB GP 507 & BeA LY & & AR S fd: P06 o =2 1) B I A 56 ¢
R MRAI AR T WCTR R AE  1 E E RVIRDR B AR IS AR 20 e T R O R
AR, IR AR T IR S =M E R SRR . AR b 4 AR RISCEN R 3 48 h B 22 7 A
W3 L UL A4 AR S T AR A ML B AR AL, 3 a0 R AR R R RS R L 4 S BT PR
W it 38 43 7 AR S R B R AR A0 e R B A R T 22 . S, B R R R T Al 3 A
Wl XA Re S S, B S RS NDF fl ADF & s 8 IRA ¢, Walaee S, Wl 5 K & . Mo s
ADF J NDF 23 B AT sk A 0T B0 1) e fige 38 2%, 100 > ) 2 rh AR 25 ¥ i K Ak & W) 5 ) & ) o 4 s 8 v B L B )
25 T I g gt 7 A RS A TR R A R Y L AT AL, S, I S SR T A R R A R T R A ]
W),
3.4 WHRAEBFRINKE G DMD f2 OMD

DMD Fl OMD J2 2 B 1) gk 2h 0 R FH R B R/ B4R b . 2 s iR 4 B R B i) — A EH W KL %
fiff S5 R ARk A T R R R R S SR R R . R O R A R O R R A ) AR
DM 1 i fiff 22 2 R ek rhoRLER 11 KRR 0 R 7 4 e, S e T BRDREAE SR b R A M B AR T SR AETT
i E e AR X 5 B X 5 Bh R 5 3 W T W ORI A ML R R R SRR S A R A IE A OGO R
SRR S EABORMAAMICK R, AL R R 4 A FNCH IS 3 DMD 1 OMD 22 53548 & %, 3t
YA (] 5 50 400 0 S v 34 ) T ) R S I N K

4 #it

8 H Ry 5 CP & i, H NDF il ADF & & A% AH X 4al A (5 . 8 1 A0 it sy S RE AR 4 b A0 AL 5 A Ak
KWk B 4w DR RO A HTROR . B LL 8 T WS A I v B S I R A Sl 4 L DR R U

2 % 3Lk References:

[1] Zhang GJ, Wang H M, Luo H L, et al. Evaluation of nutritional value of leguminous forage in different growth stages by in
vitro gas production and in vitro digestion. Chinese Journal of Animal Nutrition, 2011, 23(3): 387—394,
KEEAR, L, BigR. & NN S EANE LT E R FEE S TR RS R NE. SRR, 2011,
23(3): 387—394.

[2] LiSS, Bai YF, Wang T, et al. Nutritional value and artificial rumen degradation characteristics of feed sorghum. Pratacul-
tural Science, 2018, 35(5): 1273—1286.
WM. AEAR. Eia, S I RE RN E SN TR E R AR, RO R, 2018, 35(5): 1273—1286.

[3] LuD X, Xie C W. Research methods and techniques of modern ruminant nutrition. Beijing: Agriculture Press, 1991.
PR, WS R A3 E SRS IR AEOR, dbat: Rl iR, 1991,

[4] Bhatta R, Tajima K, Takusari N, ezal. Comparison of in vivo and in vitro techniques for methane production from ruminant
diets. Asian— Australasian Journal of Animal Sciences, 2007, 20(7): 1049—1056.

[5] GaoSJ., LiuX H, Li YF, etal. Resources and utilization of chinese sweet sorghum. Horticulture and Seed, 2006, 26(4) :
46—47.
A, XU, BEA,  hEERERS A, HZ S E. 2006, 26(4): 46—47.

[6] Yang X H. High-efficiency cultivation techniques of feeding sweet sorghum in desert development zone of hexi corridor. Sugar
Crops of China, 2016, 38(1): 62—64.
M 2% PR VU AR JRR VB T e XA R B AR B BOR. T EERL, 2016, 38(1): 62— 64.

[7] Tang T X, Wang Z H, Zhang Y P. etal. Effects of cutting frequency on yield and feed value of feeding sweet sorghum. Sugar
Crops of China, 2018, 40(1): 35—37.
FEMREE, EECH, SKIE M, AF. X F A ) A SR AV A s . R, 2018, 40(1) s 35—37.

[8] LiCH, SuY]J, Zhang P T, et al. Effects of different cutting periods on the yield and quality of sweet sorghum. Journal of
Southern Agriculture, 2018, 49(2): 239—245.
B DM SRR, AL OTRDA T B S X I i R e R TR . T AR, 2018, 49(2) ¢ 239 —245.

[9] Liang W P. Effect of cutting time on yield and quality of feeding sweet sorghum. Sugar Crops of China, 2015, 37(4): 42—43.
BRIV R T [ A 10 o) ) P R I o 3 7 O i OS2 . P DR, 2015, 37(4): 42—43.

[10] Yang S. Feed analysis and feed quality testing technology. Beijing: Beijing Agricultural University Press, 1993.



29 4 5 W B 2 4] 2020 4 49

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

WM. GEDRL I Bt K AEDRL BT A I B AL bR R AR R AR AL, 1993

Rohweder D A, Barnes R F, Neal J. Proposed hay grading standards based on laboratory analyses for evaluating quality.
Journal of Animal Science, 1978, 47(3): 747—759.

Zhang J K. Lu D X, Liu ] X, et al. Research status and development of crude feed quality evaluation index. Pratacultural
Science, 2004, 21(9): 55—61.

SRS, SR, XSRS ORLIEDR A BT Y 8 B B B ST BOIR SO . RO B2, 2004, 21(9): 55—61.

Xiong Y, Xu Q F, Yu Z, et al. Nutrient and forage value of oat hay in different producing areas. Pratacultural Science,
2018, 35(10): 165—170.

REL . VFIRTT . EBHE. 4. R e & T R0 SR 0 AR N (. B2, 2018, 35(10): 165—170.

Menke K. Estimation of the energetic feed value obtained from chemical analysis and in vitro gas production using rumen flu-
id. Animal Research, 1988, 28. 7—55.

Luo F, Wei ] Z, Gao ] M, et al. Study on the accumulation of crude protein in different types of forage sorghum. Tianjin
Agricultural Science, 2013, 19(2): 6—8.

B, AR, md i, L ORE R A R R AR AR BT . KRR, 2013, 19(2): 6—8.

Chen P, Luo F, Gao J M, eral. Effects of different sowing dates on quality traits of sweet sorghum in different growth sta-
ges. Journal of Anhui Agricultural Sciences, 2012, (5): 2608 —2609.

PRMG . g, B, AR R [R)HE 0T O IR AR F I A A B BRSO R, 2012, (5) ¢ 2608—2609.

Jia C H, Qian W X, Tursunay * Samat, et al. Nutritional value index and assessment method of forage. Pratacultural Sci-
ence, 2017, 34(2): 415—427.

BUAPME, BROCER . bR R AK - FESLR, AE. OMUDRLE SR MM E 5 BRI k. R RRE, 2017, 34(2): 415—427.

Li Z M, Ma M, Zhao W, et al. Effects of nutrient dynamics on rumen in vitro growth and methane production in different
growth stages of peas. Feed Research, 2016, (2): 1—6.

2250, h, B, AF. LD EF I AN (R A U R B A AR Ak B FEX IR B AR A e TR R e 7 e S . RDRLF S, 2016,
(2): 1—6.

Ma M, Li M C, Zhao W, etal. Effects of different growth stages on the rumen fermentation and methane production of Yan-
bian yellow cattle by in vitro gas production. Feed Industry, 2016, (1): 19—23.

o, 20, B A BRSPS F 50 A (R A K 0T 8 B0 X 3 1 B A R 1 Ok T R TP e e i S L R Tl
2016, (1): 19—23.

LiZJ, Hu Y G. Biological characteristics of feed rye and its dynamic changes in yield and nutrition. Acta Prataculturae Sini-
ca, 2004, 13(1): 45—51.

AR, WIBRR. W RE AP AR MR R RIS, ok, 2004, 13(1): 45—51.

Tang S X, Huang R L., Tan Z L, et al. Study on gas production characteristics of different varieties of oat straws in vitro
fermentation. Genomics and Applied Biology, 2006, 25(4): 330—335.

G, EEAK, BSCR . S SR SRR R FR AN R B SRR OB Y. BRI AL S5 AW, 2006, 25(4): 330—
335.

Zhao G Y. Advances in research on regulation of rumen fermentation. Journal of Animal Nutrition, 1999, (S1). 21— 28.
BT S R SRR, ShE SR, 1999, (S 21—28.

Michael Bliimmel. Comparison of in vitro gas production and nylon bag degradability of roughages in predicting feed intake in
cattle. Animal Feed Science & Technology, 1993, 40(2/3): 109—119.

Zhao X. Dong K H. Wang Y X, et al. Degradation dynamics of different concentrate-to-roughage feeds in rumen of sheep.
Acta Prataculturae Sinica, 2005, 14(3): 62—66.

B, ETEIR . EACH . SF. RS IR AR TE LR F 9 8 MRS, ROl FdRk, 2005, 14(3): 62—66.

Wang F, Xu Y J, Niu J L, et al. Evaluation of nutritional value of ruminant feed by in vitro gas production method. China
Animal Husbandry and Veterinary Medicine, 2016, 43(1): 76—83.

EFF, ROUE, R, L KON RE N R A IR E R M E AT, T EEHEBCEE ., 2016, 43(1): 76—83.

Chen X L. Study on nutritional value and rumen degradation characteristics of common roughage for meat sheep. Qingdao:
Qingdao Agricultural University, 2014.

PRIGEHK. PS5 RPRLIEDRL S F2 00 (B8 B B AR AR . 5 % R AR R, 2014,

Zhang Y, Mao H M. Study on rumen degradation rate of different kinds of forage nutrients. Feed Industry, 2014, 35(21):
54—57.

R, B AR R IOROEE SR Y U AR ST, AR Tk, 2014, 35(21): 54—57.



