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Abstract: The object of this study was to investigate the effect of purple maize anthocyanin extract on in vitro gas
production and rumen fermentation in beef cattle. A completely randomized design was used. Levels of 0, 0.2%,
0.4%, 0.6%, and 0.8% purple maize anthocyanin extract were added to the substrate, and total gas production,
gas production Kkinetic parameters, volatile fatty acid, methane production, cellulase activity, and nutrient
degradation rate were measured. It was found that: 1) Total gas production after fermentation for 72 h tended to be
reduced where anthocyanin was added, and gas production at 72 h for the 0. 6% anthocyanin group was significantly
lower (P<C0.05) than that of the control group. 2) By contrast, gas production from the immediately soluble
fraction tended to be higher with anthocyanin present and was significantly higher (P<C0.05) in the 0.4%
anthocyanin group than in the control group. The gas production rate constant decreased with increase in the purple
maize anthocyanin extract supplemental level, and the control group was significantly higher (P<C0.05) than the
other four anthocyanin groups, and the curve defining the trend across anthocyanin levels had both linear and
quadratic significant (P<C0.05) terms. 3) The contents of acetic and butyric acid at 24 h decreased with increase in
added anthocyanin, with significant (P<C0.05) linear and quadratic terms for the fitted curve. Accordingly, the
contents of acetic and butyric acids in the control group were significantly higher (P<C0. 05) than those of the 0. 4%,
0.6%, and 0.8% anthocyanin groups. In contrast, the content of propionic acid increased with increase in
supplemental purple maize anthocyanin extract, with both linear and quadratic terms of the fitted curve being
significant (P<Z0.05) , and accordingly, the content of propionic acid in the control group was significantly lower
(P<C0.05) than other anthocyanin groups. The acetic: propionic acid ratio and methane production both decreased
with increase in the level of anthocyanin extract and in both cases the fitted curve had significant (P<C0.05) linear
and quadratic terms. Accordingly, acetic:propionic acid ratio and methane production in the anthocyanin groups were
significantly lower (P<C0. 05) than that of the control group. 4) At 12 h fermentation time, carboxymethyl cellulose
and cellobiase were increased with increase in the supplemental anthocyanin extract level and both linear and
quadratic terms were significant (P<Z0.05). Accordingly carboxymethyl cellulose and cellobiase levels in the 0. 8%
anthocyanin group were significantly higher (P<C0.05) than in the other four groups. Meanwhile, the values of
xylanase in the 0. 2%, 0.4%, and 0. 6% anthocyanin groups were significantly higher (P<C0. 05) than those in the
control group at 24 h fermentation time. 5) Both crude protein degradation rate and acid detergent fiber degradation
rate increased with increase in supplemental anthocyanin extract level, and linear and quadratic terms of the fitted
curves were significant (P<C0.05) increasing. Accordingly, the crude protein degradation rate in the anthocyanin
groups was significantly higher (P<C0. 05) than that of the control group. Taken together, purple maize anthocyanin
extract had the ability to improve rumen fermentation mode, increase propionic acid, cellulase activity, and nutrient
degradation rate, and decrease methane production of beef cattle. Under the conditions of this experiment, the
optimal purple maize anthocyanin extract level was 0. 4%.
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volatile fatty acid, TVFA) & &, FEIR R /INIR , 3590 B K BES 4. Suong 55 R I, WIS &L E XM ER
H#E (Saccharum sinense) , W] 4. 25 W AR B 7 W e 187, $2 8 1 W D0 AL BE ), D2 A AL 1) A W WOIR S o g ]
W AT R AE N B2 s W00 B R SR ARDIHEAR I, ek St AL AR i

EERERAB EHRE —FAEMBY, THEEWET R, HARENIFRMHME" . S0 415k 5 s
T (1 e S0 L DX B A R A o BB AL A IR B O TR 4] L XU R A O R, AR i A
E" o SR, B A DL AE T RO R 298 T R R A RIS T8 L PR, A0 3 e R A R 0 TR TR 4R ok
T Z PRI N AKCT X 08 v 4= BRUS S i B 1 S8 8 RS CH, ™ 5 21 4 3 il K8 57 W) J5T 4 fig
S FE R, AL FAE S K ARPT AR 0 790 76 1A 4= 1R v 4 45 PR B2 40 2 25 4R 40
1 MBE5FE
1.1 XRS5k &

PRSP = SO E T 2024 4F 7— 11 H 16 52 M K2 s Rl 2 27 B 2 W 75 3% 5 DR I 55 B 3547
1.2 XA

TR 5 T 0 SR M KA SR SR By T A 4 (5 : EAE-GZU-2024-E027) H 8% , ™ k& 44 [ FH & 10 00 i &5
AT . BEREERZRBY WG FEHLHEARAEY TR ARAGRAR, Z60, HAEE R SR 2619 pg-g '
1.3 BEHRBARDIYEARER

FE RIS [ B OGS A H v B R AT BRJTAT A Al , e 3 HUARDL R 47 AR E AR [ (425. 0412, 15) kg ] i ek 2 4
N e B AR L UG A PRSI R I AR O TR A B R L O 40260 RSB E K TR CRAT
E 2 EON S HUBEN RS R (Oryza sativa) 5 247 5 (Pennisetum sinese) (£ 1) o 5K 08:00 F1 17:00 481 M 17k, 4
HABRE, ABRYOK. TR GRS 5 (VP30, db i e AL 24 IR 7)) i 4 B A SRS M R 4
R b O B 9, 5 3R R0 100 mL IR B . Bk 4R SR 4R 400 mL R 8 W, 40 4 J2 20 A ook s TR AT 39 CR:
RO, 37, A ] S 86 5 AT RS R R
1.4 &5 EABEERE TR0 E

K H GB/T 6435-2014" 1) J7 1 0 5 IS 9 (15 56 bl A A ) ) B L % e 3% x99 T4 5 (dry matter, DM) % #,
K GB/T 6432-2018"' i J5 A 1 4= [ sl G 8 A (KF 1100, 5 B 1 RE A48 B0 A BR 2 71, 35 R L o B I /2

®1 2BSGHRARRERKE(RTEM)

Table 1 Composition and nutrient levels of the total mixed ration (air dry basis, %)

J5UBE Ingredient % 1 Content # 3% 7K F Nutrient levels® % 1 Content
FE 5 Rice straw 17. 20 T# 5 Dry matter 89.79
E AT E Hybrid giant napier 42. 80 HLZE 11 )5 Crude protein 10. 22
Tk Corn 23.70 PR VE I 4T 4E Neutral detergent fiber 40.32
M1 Soybean meal 5. 80 iR T U 2F 4t Acid detergent fiber 24.71
K PF Rapeseed meal 2.20 MUK Sy Ash 8.50
#k % Bran 5.60 5 Calcium 0.51
Wik S 45 Dicalcium phosphate 0.50 W Phosphorus 0. 37
3k Salt 0.50
T B &4 NaHCO, 0.50
R A Premix! 1.20
41 Total 100. 00

e 1. BUR R kg T 4 R A 200 KIU, 44 & D, 100 KIU, 442 % E 600 1U, 4 550 mg, £ 1000 mg, % 1000 mg, 4 1500 mg, 4 10 mg, fil§i 5 mg,
W50 mg. 2. HFRAEHRI A SLIMAE
Note: 1. The premix provided the following per kg: V, 200 KIU, VD, 100 KIU, V. 600 IU, Cu 550 mg, Fe 1000 mg, Zn 1000 mg, Mn 1500 mg, Co

10 mg, Se 5mg, 150 mg. 2. Nutrient levels were measured values.
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HLE 15 (crude protein, CP) % 3, 2R ] Van Soest % 1 J7 a4l 4 H sh 4 48 5 W1 AL (FT 12, 4% W5 4, 18 1) I 58
ok VR U £F 4E (neutral detergent fiber, NDF ) 52 P 8 & £F 4 (acid detergent fiber, ADF) & & . K GB/T 6438-
2007 B 7 00 5 IS W RLIR 43 (Ash) >R F GB/T 6436-2018""*fy Jy 12 I 42 4% & &t , R FH GB/T 6437-2018"" iy J7
0 B A
1.5 4RO E BEX B % 3t

R 58 AR S0 0T, BB OO ) 0. 2900, 496.0. 626 .0. 896 3 5458 FOKAETH R AL WA i i
KA AR 6 T, B 2.4.6.8,12,24 48,72 h 3 8 AN R BERS ] 1. A T HE AR 4 Menke 55 19 77
VR A F 1 2 )R O I TR I AR A R RS A COLe FRI0. 5 g KW (5 B Al im) HAH[R] ), ¢
B30 mL A T8 B WA BRA A T HE S8 s KL TE 39 ORI R IR T 5%, 43 ITE 8 M E I K
PE I [R] 52 O™ AU hE o [A) I 150 S A ORI ) 8 4% 4 T IF 1) st P 501 D 2 2 1 4 U0, DT 30 L AR
P Fsf 1) 53, 1) 7™ < i (gas production, GP) .
1.6 FAZHAFHK

PRI S5 S A R AN ] K e ] 5 R AU A GP=a+b(1—e “)BIA ARG AR 2Pk e/ — e ik
JE 3SR a b e B, 2 s a S ARDRR PR R T O B 7 AR b A 1 R TR O AU ¢ Ol b R R R B R
HAR)  a+b AR AE A CH IR Y I 8], GP 2yt /Y77 <k
1.7 AksMEH AR A2

T R T 15 3% 12 70 24 ik, S7 RIVIBCH 7= U8 A UIOK I v 280k A o O B R pH ST BRI SR A 48 =02 32 3t
(pH818, A ¥ 4L 3 , R 56 , D Ml 2 . & A A (ammonia nitrogen, NH,-N) % 2 %0 2 2855 L kil 2 . 4
FlvJed 5 V4T Ut W G5 PR TP L AT Al R LT 4 MRS R RO 8 ACAT 4R R EE TSR 2 S s Y
VIR

S 035 (2 FEAR A BRA | AR e, 58 =) W e 8 B W4 A MR 1D R (volatile fatty acid,
VEA), S G35 240 HP-INNOW AX B 4148 (4 35 A (30 m X 250 pm X 0. 25 pm 3 Z B FHE A IR A, A48 Je
W, D) #ERE CREE Ry 220 °C, KO B8 1A il 25 052 Ry 250 °CL AR IR DA 8 °C-min "3 £ M 80 “CTF i 2 200 °C, #F
FERFIN 2 pL, 8 AR, ME N 4. OmL min ' VFAMFE LR IR TR 5 TR R IR ; 6 Fl R 14
BRN TVEAL MM MR8 SR AR T RRWK ¥ , 2 B8 Moss %/ J7 253158 CHL ™= & : CHL ™ & (mmol- L) =2 i
P (mmol-L ") X 0. 45— AR & & (mmol- L") X 0. 275+ TR & & (mmol- L") X 0. 4,
1.8 IRIPR B E IR i 5 K I

BRYEFEMIRE S % R RE T k. FREL0.5 g IR %A BHNH & JE 25 i 3848 7 (53 mm X 53 mm,
LA 18~25 pm, PO NI AR AR AR B AT BR 20w 45 B, v ), FH 3 I HL(F-300, 7 5 T 2 5 08 L 8 A7 FR A W) 10 &
D) BEAT B LR AT DR AR RO [ A B AR A L RN 30 mL TR S R R DR AR BR B P R B IR 24
ho 15 & BESe 56 B BOR 7 SO A VKOK IR Hh 286 1 R, Gt — B DB AR R B A8 i AW K th R SR B TR KB T L AN
[ Ak A 8 A% EE R B R R — . H IB AR ABLAR L A 65 "Crh it 48 h = fH L, Il E T 4 BT R A % (DM
degradation rate, DMD) , i#F — 2546 I iS4 S 4 T 5% 4 ) vhoREL A 1 L rb PR U0 04 2 4 RGP VR AR £F 4 & = L THIRE SR
Yy B [ A 58 o RS ESINOK B 6 N EE AL, IRAE T B R < (DMID) CHLER 11 5T B i 35 (CP degradation rate,
CPD) . " 1 ¥k ¥ &F 4k [% f# R (NDF degradation rate, NDFD) | g ¥ ¥k % £F 4k B f# % (ADF degradation rate,
ADFD) A RN < BEPRE O B8 F2 W BT 5 (0 ) = URWIFE b e B R T & & — R ki e B R
i) /IRPIRE S E IR Y B B ] <100,
1.9 HELRIT oM

ff F 31 & B2 50 7T B F 4 (statistical package for the social sciences, SPSS)18. 0 8 F 43 538 i levene ¥ 56 5
Kolmogorov-smirnov & 35 X BT B S 8000 Oy 22 5 MERUE S M. BeAbh, Br B08s 1 SPSS 18. 0 #1758 40 #7 , SR
J7 2B A (generalized linear model, GLM) #2 J7 Xt AN 6] 58 £ K 167 2% H2 HUW 8 in /K1 b 347 50 DKL 3R O 22 4

o
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Br, 3 R Duncan A T 2 5t . #F— 25 Al 11 F2 )7 E 47 4t (linear) F1 R pREX (quadratic) & 2 M K
. 225 B EMRRE N P<<0. 05, 45 % S 398 £ Y {8 Fr i = (standard error of mean, SEM)#E /R .

2 HBREHGH

2.1 R EAREFERIDFAKEARIPLBET2hR R L FN Y0

H1 3% 2 AT 0, 76 2 h R WA ) 50, 25 41 1R R Rk 22 S ¥R B3 (P=>0.05) o SR, 78 Ho At 74> & e e [
(4.6.8.12.24.48.72 h) , B % £ KA R ALY I A4 5, BB Aak 3 5 4ok i kil 4 B IR (P<
0.05). &M, 7E4.6.8.12.24 hiX 54> K BERT (8] 25, % MR 7= 0o B 3 i A 4 S4B Z 41 (P<<0.05), £ 48h
K BERTE] S X IR R R B ER T 0.4%.0.6% M0.8% 6 FEA(P<T0.05) . £ 72 h & BT A &, 4 B4 5
0.2%.0.4% f0. 8% AL H XA EERF AL E(P>0.05) AR EFRT0.6% 7 F41(P<<0.05),

R2 AREEREFTZRRBMFMAENEMLEThRRFSENE N

Table 2 Effect of different levels of purple maize anthocyanin extract on cumulative gas production at 72 h in vitro fermentation (mL)

BFE] 2R T KA T R AR A 7K Purple maize anthocyanin extract supplemental level — A5 ifE % P{H P-value
Time (h) 0 0.2% 0.4% 0.6% 0.8% SEM  4b 3 Treatment  ZiH Linear ¥k Quadratic
2 9.83 10. 67 9.67 9.50 8.33 0.834 0.421 0.116 0.174
4 21.17a 17.67b 15. 50be 13.17¢ 13.67c¢ 1.019 <20. 001 <20. 001 <20. 001
6 25.83a 22.50b 21. 33bc 19. 33c 19.17¢ 0.999 <20. 001 0. 001 <20. 001
8 29.50a 26.33b 24.67b 23.00b 23.17b 1.061 0.001 <20. 001 <20. 001
12 36. 33a 32.50b 29. 33¢c 28.17¢c 30. 50bc 0.961 <20. 001 0. 001 <20. 001
24 57.33a 51.00b 43.17¢ 40. 50¢ 43.33c 2.064 <20. 001 <20. 001 <20. 001
48 73.33a 69. 33ab 65. 50bc 60. 17¢ 62. 50c 2.017 0.001 0. 001 <20. 001
72 81.00a 80. 00a 78.50a 70.17b 74.17ab 2.232 0.011 0.003 0.014

T AT A R/NG 50308 22 55 25 (P<<0.05) . T 1A .

Note: In the same row, different lowercase letters mean significant difference (P<Z0.05). The same below.

2.2 RRARZREFFZRIRDHE KT AR REE A3 N E ARG R

50 BRAL AR LG RS N 0. 4% 28 T OK AL 75 R 42 IO mT I 2 B2 vy PR R TR 0 1 7 AR (P<<0. 05, K 3) 6
0. 4% TE7 3 4112 0k B 43 (0 7 Ak A AE 7 Al B 35 5 T (P<C0..05)0. 620 F10. 8% A6 H 4l A bl
TE 75 2 U KT B 1 0 552 2 1 A — ok il 48 [ I (P<<0. 05) , HW IR 2H 18 % e T HoAth 4 DB 5 K 40 (P<<0.05) .

K3 FARAEEXEBERRBYFMAENEIRBE=STNESHENHME

Table 3 Effect of different levels of purple maize anthocyanin extract on gas production kinetic parameters in vitro fermentation

T H 5 EORAETT R B K7 FrifER P 1} P-value
Item Purple maize anthocyanin extract supplemental level SEM Qb B 2P b/ ¢
0 0.2% 0.4% 0.6% 0.8% Treatment Linear Quadratic
e PR 43 1 72 R Gas production from 2. 99b 3.83ab  4.84a  3.90ab 3. 50ab 0.542 0. 046 0. 549 0.086

the immediately soluble fraction (a, mlL.)

e & B 43 (19 72 X B Gas production from  78.79ab 79.36ab  83.24a  74.04b 75.42b 2.315 0.034 0.134 0.156
the insoluble fraction (b, mL)

T AE 7= A i Potential extent of gas produc- 81.78ab  83.20ab 88.08a 77.95b 78.92b 2.434 0.043 0. 205 0.127
tion (a+b, mL)

725 % Gas production rate (¢, % +h™") 0.050a 0.039b  0.029¢ 0.033bc 0. 035bc 0.002 <<0.001 <<0.001 <<0.001
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2.3 RRAYERLFERRGFRAKFTHE T LSRR TIRF G0

SRV AN [RK AL R 12,24 h R FEW pH o b & 520 (P>0. 05,3 4) o R, NH,-N 7% &t Bifi %5 i 7K %
PR 12 h B R 2R 1T (P<C0.05) , 78 24 h SR M A ki 48 BT+ (P<<0.05) ;0. 4% fEF KA 7E 12.24 h Y
3 = TR (P<0.05) o X VEA & i, SR AT R 7 fE B AL T 3 S 7K 7 £ 3 35 S 2 R il 461 1%
(P<<0.05), HXMAZBM TR R T ED T 0.4%.0.6% MO0.8% £ X4 (P<0.05) . NS RIMALT E
TN IO B e B AR M R Rk il 4 T (P<<0..05) , FLXF B 9 R & ot (I T AE 7 41 (P<<0.05) . 441 57
TR IR 7R & 2 22 S R W3 (P>0.05) . oAb, &4 TVFA & 7E 24 h 22 R A B3 (P>>0.05) s H7E
12 h LR A i R 42 75 (P<<0.05) , HAE#H R4l TVFA & &8 B3 & TAHE4L(P<<0.05) . ZM/NIRH % E
KAE T 22K F$ o 5 2 MR — Ul 4R AR (P<<0. 05) , HAE T 2 41 1 3548 T % BZH (P<<0. 05) . CH, ™ i B AL
FOKOF- RN 2 ek Ak i R AR (P<<0. 05) , HLXF R4 9 CHL ™ 2 B3 8 TAE5 £ 41(P<<0.05) .

R4 ARALEEFEREFTERIVAMAFNEELABRSHRRETEMH R
Table 4 [Effect of different levels of purple maize anthocyanin extract on rumen fermentation parameters and methane

production in vitro fermentation

i H I} i) R ORAETT R L HU I n K F- Friffis PAi P-value
Ttem Time (h) Purple maize anthocyanin extract supplemental level SEM Kb 3 21 /¢

0 0.2% 0.4% 0.6% 0.8% Treatment  Linear  Quadratic

pH 12 6.76 6.86 6.81 6.89 6.81 0.032 0.070 0.212 0. 090
24 6.64 6.75 6.73 6.69 6.68 0.054 0.654 0. 858 0.433

A4 Ammonia nitrogen 12 8.83bc  10.10a 10. 34a 9. 68ab 8.25¢ 0.414 0.007 0.331 0.001
(mg-dL"") 24 6.39¢ 7.47b 8. 38a 8.02ab 8.40a  0.248  <C0.001  <<0.001 <<0.001
2. Acetate (mmol-1L™") 12 39.55a 38.98ab  37.32bc  37.25bc 36.78¢ 0.596 0.011 0.002 0.007
24 56. 18a 53.90b 53. 50b 48.67c 47.55¢ 0.675  <C0.001  <C0.001 <C0.001

N Propionate (mmol-1.~ ") 12 16. 80d 22.13c 24.15b 26.05a 25.58a  0.437 <<0.001  <<0.001 <<0.001
24 22.67d 25.17c 29.52b 34.35a 33.03a  0.550  <C0.001 <<0.001 <<0.001

T W Butyrate (mmol-L™") 12 6. 78a 5.58b 5.58b 5.48b 5.48b  0.116  <C0.001  <<0.001  <<0.001
24 11. 02a 9.70b 8.45¢ 7.33d 7.15d  0.220 <C0.001  <<0.001  <<0.001

5+ T 1 Isobutyrate (mmol-L ") 12 2.13 2.10 2.04 2.06 2.15 0.073 0. 807 0.971 0.483
24 3.06 3.08 3.29 3.37 3.10 0.138 0.414 0.405 0.277

B Valerate (mmol-1.7") 12 1.59 1.48 1.45 1.47 1.45 0.070 0.634 0.204 0.311
24 2.14 2.23 2.09 2.11 2.04 0. 090 0.630 0.236 0.440

5% Tsovalerate (mmol-1. ") 12 2.10 2.11 2.13 2.08 2.05 0.051 0.779 0.345 0.455
24 2.77 3.01 2.88 3.00 2.91 0.099 0.432 0.414 0.382

S8 KRN Wi R Total volatile 12 68.95b 72.38a 72.67a 74.39a 73.49a 0.610 <<0.001  <©0.001 <<0.001
fatty acid (mmol-L"") 24 97.83 97.09 99.73 98.82 95.78  0.979 0.074 0.491  0.096
LT/ Acetate/propionate 12 2.33a 1.79b 1.55¢ 1.43c 1.44c  0.056  <C0.001  <<0.001 <<0.001
24 2.48a 2.15b 1.82¢ 1.42d 1.44d  0.039 <€0.001 <C€0.001 <<0.001

F J5¢ 7= 1t Methane production 12 15. 64a 13.94b 12. 38¢ 11. 79¢ 11. 71c 0.312  <€0.001  <C0.001 <<0.001
(mmol-L~") 24 23.46a 21.21b 19. 34c 15.39d 15.17d  0.319  <0.001  <C0.001 <<0.001

2.4 RE¥EREFEZRIYRIKF SRS R B2 4F 4 5 B 75 M0 % vh
U] 24 W R T RL AT K AR 4 WIS, 12 h RBHER, DA S 12 F0 24 h B 4R4F A H IS MEE R A B (P>
0.05,5), SR, 7E 12 h & WEIN 1] 55, FR FH L 21 2 25 16 0 21 2 W B 15 1 Bl A6 75 25 VS 0 707 43 i 52 2 e A 9k
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Mk F i (P<<0.05), H 0. 8% T ZH B E m THA 4 4H (P<T0.05) o 7F 24 h J W [a] 5, A 5 8 il 15 1 b A8 75
ZRMAKCE R 2 R TF 5 (P<<0.05), H 0.2% .0.4% 0. 6 U AL HF Z4 5 5 T AL M0, 8% £ 24
(P<<0.05).

x5 ARALEREFRRIWBMAFEIEIIEBEA L REBTFENZIN

Table 5 Effect of different levels of purple maize anthocyanin extract on cellulose activity in vitro fermentation

mH ] B E AT BB K FRifER P P-value
Ttem Time (h)  Purple maize anthocyanin extract supplemental level SEM Kb 3 2k —R
0 0.2% 0.4% 0.6% 0.8% Treatment Linear  Quadratic
Y& W L £T 2 % [ Carboxymethyl 12 3.28b  3.67b  4.21b  4.06b  5.39a  0.397 0.015 0. 001 0.004
cellulose (U-mL ") 24 5.87 4.04 3.42 4.92 3.92  0.772 0.223 0. 246 0.235
o1 2 — i 12 3.87b  4.39b  4.31b  4.18b  6.36a 0.424 0. 004 0. 005 0.003
Cellobiase (U-mL ) 24 4.03 4.77 2.98 2.81 3.29  0.670 0.248 0.120 0. 281
AR Tt 12 15. 86 14.97 12. 96 14.70 14.51 1.674 0.810 0.567 0.597
Xylanase (U-mL. ") 24 26.43b  53.07a 55.57a 53.22a 31.18b  5.328 0.001 0.692  <<0.001
UEACET 4 3 it 12 3.80 3.90 3.51 4.43 4.27 0.479 0.677 0.330 0.568
Filter paper cellulose (U+mL ") 24 5.34 3.30 3.80  4.23 4.56  0.529 0.116 0.736 0.087

2.5 FRR¥EREFFRBESFAKT T E R R REG Y0

JEIES N 58 K AL T R ALY X DMD F1 NDFD ¥ 7 1 % % i (P=>0. 05,38 6) . K1, CPD B 46 75 2 WS fin
KT 12 M R R i 2 TR (P<<0. 05) , HAE T R 41 o & & T4 IR 4L (P<<0.05) . ADFD FfAE T 2 IR K F
B SRR A kR T (P<20.05), H.0. 6% .0. 8% 4675 R 41 W 3 i T X B4 (P<<0. 05) .

F6 ARZEREFTHRREMFMAFENEFRYREHRNOZM

Table 6 Effect of different levels of purple maize anthocyanin extract on nutrient degradation rate in vitro fermentation ( % )

i A 2 FORTET AL B B ok T vE 15 P{f P-value
Item Purple maize anthocyanin extract supplemental level SEM Kb 3 2Rk —W
0 0.2% 0.4% 0.6% 0.8% Treatment  Linear  Quadratic

+ 4 JF [ f# 2 Dry matter degradation rate 30.27 30. 04 30. 04 30.17 30. 46 0. 354 0.913 0. 640 0.602
ML 1 %% R Crude protein degradation rate  48.96b  56. 66a 56. 34a 59.37a  60.56a  2.315 0.034 0.003 0.008
P Pk U 4T 4 I £ R Neutral detergent fiber 15.18 15.12 14.92 16. 04 15.41 1.046 0.950 0.658 0.908
degradation rate
TR 1 0 4% 4T 4k £ R Acid detergent fiber 8.63c 8.98bc  10.65abc  12.73a  11.94ab  0.962 0.041 0.004 0.016

degradation rate

3 g
3.1 FRSEAEFERRYAMKTFISEREATAD D Z ARG Y

PR Ah ZR = A T S S 24 gl W) e M T e R S R SR TR . BRDRTE S 4 sh W 8 U W R e R
o AT PR — 4 CO, CHL SRS . AW R, 58 oRAE T R IR I TE 48 h AT B IR B R Ah B RS,
XA AR5 58 FORIE T R IR G P A4 CHL ™ A 56 (% 4) . Tian % 4f3H , 58 FORFEFF & ARRAH L, 52 £
KFEFF T W ADRHE 2 h i /s B K P 1 BB S d AR DR 45 R 5 Z AL, 7S R W 2 sh i B Rk S
4 E B AR AR 2 — , T S WO B A e I A R TR . — Ok B, BB SR I Tk I B K Ak
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B R R R RN MR R RAFSE T FE T2 hiEE,0.2%0 .0, 4% A6 T E AL B AU A 5 0 IR
2SR BTSN 0. 4% DL BY 28 K AL TE 348 U X OG04 4 i s A8 9 e 1% M R VE H -

T H Bl 12 S B0 HR A R mDRE R I8 B N R ) BT R i R ) B B R S R R AR A R T O P
fifE 0 43 7 AR R ER T A R R D R A 7 A N8 R R AR 4 AR U E W R R AT M R AR AR AP R,
0. 4% e HERZAEAE® A a bl atb, R 0. 4% (67 FE BN ACE AT G £& & ke b 8 B fnik K4k & W 7
PR A T 1) 86 il 803, KA i B — 25 78 3R ) IO e il % vh A5 LR IE .

3.2 RARAFRERLEFZRBDY R mARF 2B ERELAKAT I FHY R

B2 SR R KA W i DL VEA AT, VEA J2 4 3 ) 3 SE A8 5 R U5, 24 o HLAR WO S BB 1Y
70%% . Gao %A , AR U N H ¥ (Brassica oleracea var. capitata rubra) 467 Z 3B 7T 8 42 5 A 408
B TVFAWKE KR SR LB . Al , Taethaisong 2K & B0, 76 A A PR INE S EH R E
EN#R it (Azadirachta indica) , V] 5 Z 2T H W TVFA &t o AR5 A, K EREHE XY T 8585k
W TVFA 5RO it o X AT RBJE M THEH R U B AR AE L850 & A R [F A Bk AL & 9, ik e ok i &
YIMTRES 5 T8 B oK B AR, I $E T VEA &850 SR, HAL TR 7 F— 2 oe .

4 s B HERC CHL 2 b7 ol A= 77 10 28 %6, B 5 B0 R BE HE TR 2%, SO R S5 e ™. R oe R 47
2] 38 a0 e T AR K S N BRI CHL ™ A AR TR A sh W R R AR, L Y o Rk Ak =
I KB AEH R B AR E CH ™ 5 09E M o AR & B, 5 £ KRB H R4 Yl B & B 4= CH, ™
i, IX AT RE S K A AR R A AR BE AR W AR BT Bl O fRDRE BT, N TR IR 1 CHL B ™ A s i Ah BB R AT S
HoA 8 29 0 (A (A 0D 25 A T8 2 A4, vl $ s TR A R80R b CHLHER™ . Sinz %73 2 (R 41 & Bl 56
BB RS AR ) B U R S AR A s 70 ~9 % 1 CHLHECE: , AR 45 3 5 Z AL .

3.3 RERERIEFFRIR A oK b oF e & g 109 %R

30 L I T AT AR R N M, AT ) 2 10 PR R 1 T A ) 6 R R R AT AR R A R RE T . RS R R R R B9 £ 4
Oy R T FR G0, T S B W RT3 R A LR A T A A B ARDRR R 0 R B TT R L R A
BT B A BLHL , Suong S VRIFSY K B, DS INAE T R SR ICY) R W2 LR R A s Wi B N 2R 4 R
WA ARG R B, 58 R OK AR R AR Y T R 5 P S TR AT AR R TS X AT RE S T 2 b a1
22 B )96 T Y 3 e AN TR I R L BRI AR S R A I B A W AR AL A R T E— B RS R E . AN, R
HILLF AL Rl A7 4 B B 5 R RS A 25, XS = S 25 [k 528 1k Je i o B 55
FE>
3.4 RRE¥EEREHFEZRBRYF R38R0 R EMBEGY 0

IRV PR AR R T R 2 Bl W R A AR R B L ISR R R, AE T 2 AT R R R
BB R B TE AL . Hosoda 868 I8 , 76 48 2 R h s & & 1675 R 05 K (Oryza sativa) i FL AT i 35 2
o SRR R AL A P R YIS AR TS R AT 5 CPD, 356 W AT 4 S G5 2R W T e W 4 1 0 R
XATREEM THRERESEARSAIENE AW, 068 TIRY h CPIAHRCR™ . LR REA — 28 mE
e A A A 2 P B £ 4 R R T R G 3 A0 M R A R A Y R AR RE R S R RS R R AT R
A 58 HE = ADFD 3l GBS K O A6 75 220 [ RR 1 2 2 B A A 00 B SR TR W R Rk K Ak B W R
4 it

LEREFZ R T B S LR 5 TVEA N R & i M 2F 4 Z B 06, L8 F2 9 0 9% i R
T E CH, ™ i, J2& U8 3 A4 00 Bt 0 DR IR o FEAS XSS 25 10T, AR AR R AN 0. 4 %0 28 KB R 2 B R
S
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