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SRR, B BYOK. 7R Y KR AT O
B4 220 i WAL S U, 39 C
KIERIR, FTEA CO, REAM .
1.3 K%t

KHFHEZE S KRBT, kKBIRY 9
LAY T 5 AR AL BRI 0K 43 31k 0 (O BE
4H) .50 ,100 ,200 400 mg/kg, F 4> K V% 4 A1)
(B0, BRI 4 NEE BAER 1 RS
1.4 fFoMEF

PRAh 5 975 BE Menke 25 (77 ¥ 64T, 5 1iE
il 96 8 2% ol 5 0R 8 WER 201 1 L IR A
BURE SR, A CO, IF HICA 39 TRIZKIFHRIK L
RS . MERRARIUR BRI 500 mg (T4 it Ak
filt , 6T 583 A0 K OK #4250 mg, SN BE S &N
11.17 mg/kg) , B T RBEAIRES , N AR K- 1)
YR EEACRE , S5 AR A CO, AR M AN i 35
FRW 30 mL, & F 39 CTRI/KBEEIR T RFE .
1.5 #Hm*x&E

MR IR G IR 6 .12 .24 48 h 52 1k K I,
WAERE R, 4 22 A ik %, RVBS I & pH, B 5 T
-20 CHAFHE 1 AN R A A (NH,-N) s
PEE 1 (MCP) FH% & 1 B 105 2 ( VEA) 19 I 22 .
Ha U8 5 1 R IR 5R B W b kA S A 65 T AR
HET 48 h, FEIA HLH (OM) .
1.6 MEIREF X

pH fifi {15 # PHS — 3D #Y pH 1| & ; NH,-N
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Table 1

P T S S T 1 o 2845 I O ¥ E 4T s MCP 3R
il Zinn %1 {77 1 @ 57, 4 Makkar 250 i Y
NS4 v HEAT 0 5 5 OML % I SR M 2 25 M A ek 1)
Tk T

VFA 3R I B0 HL %2 CP = 3800 GC S AH 4 3 X
HEATIE , (3% AR 1K 2 000 mm (AR 3 mm fYIH
FEAE MR 140 T, B L= 230 T8 (N,)
W~ 45 mL/min, &S & N 35 mL/min, 555
Ui 0 250 mL/min; AR N 107, ZE0N 4, JERE
HH0.6 VA

OM % 2 (FOM, % ) =100 x ( % E i OM
- KIS OM &)/ KB OM .
1.7 it

R B s R AT SPSS 17. 0 3 fF 1 i) ANOVA
W FEHEATIT 2250 M7, JF ] Duncan G35 4T 2 H 1L
BRI + 22 B AR

2 # R
2.1 MRFUFEXNEFK pH B0

i 1 AT, 2 ge 2 pH KP4 T 5. 82 ~
6.63,J8 TIEH M H pHILH . BEH 2K ALBFIR
TN T 57, 4% I 18] 00 B B R pH S BT B
R HEFALF(P>0.05) (AL R—#MK
TR AR A I IR pH BBl B IR B[R] SE 4
B N RE(P <0.05) .

AR 2R E AT MK T 34 % Bt 8] s 15 55 % pH B9S2 0

Effect of Nano-ZnO supplementation level on pH at different time points in vitro

YUK EAFE IR K (T o Sl
Nano-ZnO supplementation levels( DM basis)/( mg/kg)

Fi Rt a]

Incubation time/h

0 50 100 200 400
6 6.63 0. 05" 6.61 0. 04" 6.57 0. 04" 6.57 £0.02° 6.59 £0. 04"
12 6.36 £0.03" 6.32 0. 04" 6.33+0.07" 6.31 £0.03" 6.34 0. 04"
24 6.06 0. 05° 6.04 0. 02° 5.99 0. 03¢ 6.00 0. 03¢ 6.01 0. 06°
48 5.85 +0.02¢ 5.83 0. 04" 5.82 +0.09° 5.84 +0.01° 5.83 0. 03¢

7 51 sl (R AT Rt R AT AN RN S R 2257 B3 (P <0.05) s M F/NE PR siE AMrr i Ron 27 AR E (P>

0.05) . T,

In the same row, values with different small letter superscripts mean significant difference (P <0.05) , while with the same

or no letter superscripts mean no significant difference (P >0.05). The same as below.

2.2 MK EMNFEXIEFR NH,-N K E 5 MCP
=gk
2B 24 NH,-N o S5l 5 i ] pre) A8 A 3 3%

B AR ABL A LR < Bl A I B[] 19 SiE 1, NH,-N
JEBH T 3726 ~12 h PN, ETHIEEER/N,12 h )5
BRI BT, 3% 20 [R] — i [) A, 76 40 K 5
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PEBEIR N A2 0 ~ 200 mg/kg B, B 45K A 1k
BEAS TP 19 71 iR NH,-N e B2 12 B (OB 35 24
AR ALBE AN KO 400 mg/kg [, NH;-N ¢
JEH BT R o HAE 6 h i ,400 mg/kg #S K-
A5 0 B 25 R B B 2 K (P <0.05)

HIZE 3 R, 9K B AL BF R I I B T
MCP & i, HA5 X RAAH L, 99K S AL BE TS N

KAk 200 me/kg 5 40 7E 6 A1 12 h 15} Xf MCP
A RUE g E R B E K (P <0.05) 4 m i
K 15% LA by 8 i ik %) 400 mg/kg B, MCP
B R IF U BT B AR RS I AKSE R Bl A
BE SR [E] S I, MCP & B i 522 B S 7 i s B I
PR A AR AL, 25 100 A ) A8 AL R AR AR

x2 AREMKEALTFRMAF X & B E =357 & NH;-N iR ER R0

Table 2  Effect of Nano-ZnO supplementation level on NH,-N concentration

at different time points in vitro mg/dL
B g 1 ] YUK AR K (T o LAl
Incubation time/h Nano-ZnO supplementation levels( DM basis)/( mg/kg)
0 50 100 200 400
6 10.81 £0.54°  10.57 £0.48"  10.24 £0.80®  9.44 +1.08" 13.25 +0.45°
12 12.23 £1.28 12.48 £0. 74 11.87 £0.96 11.17 £1.25 12.47 £1.71
24 23.12+1.48 22.81 £1.61 22.85+1.35 22.64 +£0.91 25.39 £0.73
48 33.73 +£0.89 32.10 £2.24 31.85+1.12 31.15+1.28 32.67 +1.37
R3 AEMKELERMAK T Z B E S5 5 & MCP =2/ %0
Table 3 Effect of Nano-ZnO supplementation level on MCP yield at
different time points in vitro mg/mL
B g I ] YR AR I K (T B LAl
Incubation time/h Nano-ZnO supplementation levels( DM basis ) /( mg/kg)
0 50 100 200 400
6 17.42 £0.85*  19.07 £0.68™  19.43 +1.41*  20.48 +0.50° 18.61 £1.27®
12 18.51 £0.98"  19.71 +0.23" 20.06 £1.04"  21.67£1.58"  19.90 £1.30"
24 14.95 +1.30 15.52 +0.45 15.36 +0.98 15.26 0. 44 15.19 +0.96
48 10.64 £1.10 11.42 £1.89 11.02 £1.90 12.71 £1.25 10.32 £0.65

2.3 MAEUEREYENYEBENZ T

1E 6 h, YR A AR K4 0 ~ 200 mg/kg
N7/ SR VIR 7 B e < N | B R 1IN
6.19% I F+ %] 15. 48% (P < 0. 05), 3 H 7£
200 mg/kg i} 35 B fe K AH; 10 24 % 0 & i85 3
400 mg/kgh, XY A WL K e B T R, L
F 4, 12 .24 48 h BFARFRIZKEGK S AL BRE N,
I A LAY A T 23 5t B AR DL A8 AL A (H 2
WABFZEREEKF(P>0.05),
2.4 PERENEEIIEFRIE VFA IRER SN

Bl 4 K SR AR BE S TN K B T, 45 B ) A
IR S VEA(TVFA) (LR (TR R T IR Mk
VIR T e AR B A A2 4k IR HAE 6 h

I, 2 KBS IR B AL B 4R i T SR VN
2. THRLAS TVFA ¥ (P <0.05) , Hop 45 5
FRif ] G AR VEA WRE AT BT RS HE R
BE R B E K (P>0.05) , g5, FEFR]—9
KEAALFEA KT, TVFA | LR VN ERFI T R
JEE W5 77 I 8] B SE < 2 5 B i B O A A2 A
f, FEST SR AT B 12 h | T e R B, 1 12 h
Ja TR, B A2 A F A

[l 35 5 ikl RLAT I, 76 15 7 B0 40 K 4
PCRF S I 25 AR T 15 SR I S IR/ N R 1Y L
(P <0.05) , fE¥R Nt o 200 mg/kg it Z W/ TN IR
1 FUAE 2 3 e A1
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x4 AREMKEALFFRMAF X & B @R KD BN L BERE R0
Table 4 Effect of Nano-ZnO supplementation level on the fermentation of organic matter

substrates at different time points in vitro %

AR EAC TR K (2 T 50l )

| ) .
Nano-ZnO supplementation levels( DM basis) /( mg/kg)

Incubation time/h

0 50 100 200 400
6 6.19 £1.05" 9.60 £1.76" 12.05 0. 86° 15.48 £1.47° 10.06 =0. 96"
12 30.06 +0.71°  30.37 £1.34° 32.03+0.99°  32.17+0.05"  28.87 +0.32°
24 44.67 £1.33 45.39 £1.13 45.73 £1.21 46.58 1. 62 44.05 +1.69
48 53.32 £1.02 53.72 £0. 84 53.71£1.16 54.93 0. 81 53.57 £1.39

RS AEAKELEFFRMAF B ELIFFRP VFA RER R0
Table 5 Effect of Nano-ZnO supplementation level on VFA concentration

at different time points in vitro

- e N | PR E AR TR N KO (4T 3 i)
IJ tH Incubation Nano-ZnO supplementation levels( DM basis) /( mg/kg)
tems
time/h 0 50 100 200 400
6 45.79 £3.22"  54.85+4.63"  62.35+5.31°  64.45%3.26° 52.74x£3.17°
M VFA 12 70.05 +5.52 73.42 +1.89 77.76 £9.58 77.61 £10.71  72.26 £11.05
TVFA/( mmol/L) 24 75.98 £4.55 78.55 £9.02 85.16 £11.02  86.39 £8.33  81.98 +6.12
48 84.15 £5.74 84.63 +4.33 93.19 +6. 42 91.78 £4.63  90.69 6. 32
7.5 6 29.38+2.02°  33.49+3.11"  37.17+2.96™  38.14 £2.38°  32.68 +1.55"
Acotate/ 12 42.99 +3.29 44.90 =1.36 46.22 +5.75 46.78 £6.77  45.22 +7.29
24 47.49 +2.93 49.38 +5.37 53.10 £6. 76 53.26 £5.28  51.02 £4.00
(mmol/L) 48 51.17+3.51  52.02+2.92  57.26+3.56  55.82+2.96  56.05+4.43
i 6 11.92 £0.84*  14.99 £1.23°  17.57+1.54°  18.89+1.02°  13.91 0. 76"
) 12 18.86 £1.67 20.27 +0. 59 22.14 +2. 82 21.44 +3.06 18.89 £2.86
Propionate/
24 19.82 +1.45 20.59 £2.21 22.68 3. 10 23.10 £2.28  21.34%1.74
(mmol/L) 48 22.43+1.51  22.71+1.57  24.92+1.96  24.95+1.08  23.87+1.65
T 6 4.49 £0. 36" 6.36 £0.54" 7.60 +£0.83° 7.41 £0.15° 6.14 £0.89"
12 8.19 0. 67 8.25+0.16 9.40 +2.35 9.39 +0.95 8.15 +10.80
Butyrate/
24 8.67 +£0.29 8.58 +£1.47 9.37+1.21 9.74 +1.81 9.63 +0.87
(mmol/L) .
48 10.57 0. 94 9.90 0. 17 10.75 +1.43 10.99 +0. 59 10.76 0. 56
6 2.46 0. 02° 2.23 +0. 03¢ 2.12 +0.03° 2.01 0. 06" 2.34 +0.03°
LR/ TRIR 12 2.28 £0.06° 2.22 £0.02° 2.09 £0.01° 2.18 £0.02" 2.39 £0.04°
Acetate/propionate 24 2.39 £0.04° 2.39 £0.02° 2.34 £0.03% 2.30 £0.03° 2.39 +0.04°
48 2.27 0. 04" 2.29 £0.02° 2.27 £0.02° 2.23 +0.02° 2.34 +0.03"
Calsamiglia 25" W HF 55 & 3, 24 pH {K T 5. 7 i},
3 i it T K e 2T 4 R T R A R S R IR FEA
3.1 FREKEMRKELEEZER pH 2 I R 48 h B E] g5k, Al 4 pH $ KT 6,

pH B 5 B N B ER IS S R KO — i BEEAOR AR IR K B T A R AR
LR AR, TR R R R AR (VR RSN R, AT e T AR
PPN AR S R A g, mark oy RHRERUE Y SR R 20y VEA il 5 2 pH
RIS pH ALl 6 ~ 7,102 pH K F 6 FEIRARIRI B ey - A9 F 22 o g sl vy 2% o 12
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AN BE R AN K B, AS RE S i HE BR Q5 9 DL I
VFA [ R UTRL, BT L5 056 4 3% 77 W pH B 3% 5%
FRF [B] (1) 42 K 7] HH B0 R TR (P <0.05) , 7F 48 h
BFFRER 6 LLF . X m AT, 1E A A EL L
HNR RS E KSR RN B T 24 b, 75 R
A A K SZ B, L 2 A T LG, R EE AR
4 5E o
3.2 RREKFEHK N EFETEFFR NH,-N iR EF
MCP & B H % i

NH,-N J& 58 H ARG 0 — A =y, 29
HAHCEY K B E AR, T RN IR A
B REX] NH,-N WIS 4336 S5 52 0, JIF LA B 1) Wk
JE BT 2 AN D7 T — TR A R
fiR R b ) & BALG W NH,-N 98, 75— O
1298 H AR ) R NH,-N & 5t MCP (1) G
Arelovich 25"V BIF5E % L, 5E (4 VS 0 RE %40 sk 95 1
PR B TS 1, IR JS 2 b i B NH,-N kB g 2
TR MTEARES H, 7E 3G 572 A0 01, S 90 K A AL B
(WS N EETE 200 mg/kg DL B B 2 M R AIG T K5 597
W) NH,-N ¥ &, X v] BB 38 598 1 2k o &
NH,,-NFI| FH 22 1) 32 5 A O« B AR I3 90K 4k
BEXT MCP 4 5% 1 iR 560 45 SRR &, 76 55 37 1 Y
YKL R = T MCP 5 (P <0.05) ;
- HAE 6,12 Fl 24 h AN 5 41 19 NH,-N ¥k B
ML F e AV BEVE R 6. 3 ~ 27.5 mg/dLM | FF LU
YRR R R I TR B RUE K R
S B A R NH,-N I 22, DU NH,-N B
IR 3 55 A TRR P S i B 8 U /b
R E R AR UE MCP g AR AR
NH,-N F F &% 1 451 — 54, Kennedy %'
HE I EF RT RE 70 1A Py B 2 A ek 2 T A A AR v
WE R, X R RE R EE NG R E A Y &
= Py NS P (B B o 5 e A (R 0 O 1]
2G4 KA AR TS K P35 #1400 mg/kghf, NH,-N
W EE M BE T, MCP & U 46 T B, 10T o v 2
P48 AR AL BE v RE S0 TR B AR AR, AT
fift NH,-N (19 WS R R R0 T iR BE AR, NH,-N JF
G R R B E

177 DA [R5 T 7K P AN [] 55 55 1 8] R &, 78 35
7724 h J5, ¥ FR W NHy-N ¥ B2 i 90 R e | T,
MCP & i BT 4G BN B o X nl e J& th FAEqk
HNREFRAAE T IR B U Y B 3 5 R TR R 12 h,
XANEFH] MCP 4 Bt 35 i, NH,-N i 77 A 5 51

Ak F— A FH X Fr R3S 524 h DLJE AT RE i F
e TR AR I 7= 9 B 2R Y B A, B 4 348 A
T AW HBUA RIS . ok RS d & B
RAMEE IR 254, MCP =/ 4E 24 h J5 FF 46 TR
NH,-N (1 B A2 55 5% Ja 91 B T = 2] fig e —
AT H T 18 A P % NH-N i 1 T2 R B 51
NH,-N [ 28 55— Jr i il T 40 i 7 i ok & 47 &
AR A TR Y . Bt T BB AR R Ak
BERGTRINAE S 357 24 h )5 B4 B E ORI - 44
KA R A L6 1T DA 2F 98 T A A R G
PR £ 1) VEA Fil MCP | T {804 4 78 3 A\ 3 5 (1Y)
-5 1 T Tk gk 2 1 A, HE I S 0 BR 4 22 S A
N
3.3 AEKFEHASLETEDENDXEBERF
BEFRVFA iR ERF T

A YL & 2 59 8 WUE Y I 3% D) A
K, BRI EN INBE RS W A (2 R B MU A K,
7 2 5 G A WL & R, Bateman 25§76,
500 mg/kg [ I VR N RE 4% 38 n Je e 4% vh &R
LTI SRl R . F 25 % AR R b TS 0 e e
6 148 h i & $2 T e A% EOK A HLY Y [
fifR R . ARG 45 R R0, gk SRR I TS i
EHIRE T 6 M 12 h KA NN LEEFR (P <
0.05) ,3X 5 2% FI 3% 38 JC HLAE k56 45 R — 3. i
Froetschel 25" % Bl 1 142 mg/kg &F (14 75 i % 4 4R
AWITHA A 0 (P >0.05) X Al fg 5 H4eF
IUBUR=R7NI IF

AHIRGE K IR E AL B A INAE 6 h ) i 3
PEE TR FR W VFA MR, 7E 12 .24 48 h H iR
VFA ¥ B (a3, I HL7ER 56 4 30 W Wt 1K 2 R/
PRI Ee ] T Bateman 27 BB R £ 1) #h A7
il Z /R Lo 49 F K, B2 X TVFA (¥ 3 304 520,
Arelovich 45" fy B 5t 32 W ARDRR v o8 i S A
X TVFA YRR B &, X5 A0 50 45 R nk
AN, AT RE 2 B 9 K A0 B ) B L 2 S A
FGA KA Rl WL 4 1, 9 oK B A B LA /N RS 3%
TV 3 TAT A0 2 499 K A R R Bk ) 5, A 7
iy BORE 7, 3 3 A AL B I 105 ~ 109 %5 A
L R R 8 A 2 R ROR

VFA B 43hYH SRR, h 2w
TR A B 1) R SRR R, S LN IR B Ak i BE
BHCRE S T OB TR, B gk S A s
AT INFRAR T SR/ R Y L9, T 42 7 7
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Effect of Nano-Zinc Oxide Supplementation on
Rumen Fermentation in vitro

CHEN Juncai WANG Wei WANG Zhisheng*

(Institute of Animal Nutrition, Sichuan Agricultural University, Key Laboratory for Animal
Disease-resistance Nutrition of China Ministry of Education, Ya’ an 625014, China )

Abstract ; This study was carried out to investigate the effect of nano-zinc oxide supplementation on rumen fer-
mentation in vitro. Five levels of nano-zinc oxide supplementation were 0, 50, 100, 200, 400 mg/kg of DM,
respectively. Culture medium in vitro was sampled to determine pH, ammonia nitrogen ( NH,-N) , microbial
crud protein (MCP) , volatile fatty acids ( VFA) and fermentation of organic matter. Results from this study
showed that pH was not affected by adding different levels of nano-zinc oxide (P >0.05). The concentration
of VFA and MCP production and the fermentation of organic matter were significantly increased ( P <0.05)
while the concentration of ammonia nitrogen and the ratio of acetate to propionate were significantly decreased
(P <0.05) with the supplementation levels of 100 and 200 mg/kg of nano-zinc oxide at the 6" and 12" hour
of incubation in vitro. In conclusion, the supplementation of nano-zinc oxide can improve the growth of rumi-
nal microorganisms, increase the ruminal microbial protein synthesis, and raise the energy utilization efficiency
in early phase(6 to 12 h) of incubation in vifro. [ Chinese Journal of Animal Nutrition, 2011, 23(8) :1415-
1421 ]

Key words: nano-zinc oxide; rumen fermentation; in vitro
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