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Effect of nitrate on the methane production and productivity of cattle

SUN Yukun', YAN Xiaogang®. BAN Zhibin?*, YANG Huaming?, ZHAO Yumin?

(1. College of Animal Science and Technology. Jilin Agricultural University, Changchun 130118, China;
2. Branch of Animal Science, Jilin Academy of Agricultural Sciences, Changchun 130033, China)

Abstract Aiming to study the effect of nitrate on methane yield, rumen fermentation and growth of cattle, in vitro and in
vivo experiments were conducted. In vitro experiment was designed by single factor including control, 1% and 2%
nitrate with 3 replicons. In vivo experiment was conducted on 8 cattle, which was single factor randomized design
including no additives and 1% nitrate. The experiment was continued for 56 days.which was 14 d of dietary adaption
period,39 d of ad-libitum feeding growth and 3 d of 80% limited feed in chambers. The results showed that the methane
productions were respectively decreased by 15.2% and 46.2% under the administrations of 1% and 2% nitrate in in
vitro experiment. The methane production was declined by 28.5% in 1% nitrate at 4 h after feeding in in vivo. The
reduction of methane/DMI and methane energy/gross energy was respectively 31. 8% . Although there were no
differences in daily weight gain and feed conversion ratio were not different between treatments and control, nitrate
significantly inhibited VFA production. In conclusion, nitrate effectively restrained methane, while had no positive impact
on production performance.

Keywords methane; nitrate; cattle; respiratory chambers; growth performance
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S MTATI AR T F e 4 7 AR L BOAR DR o ) IR Y R
RN TR T & s Y8 57 5 2800 I AH TR
B AR EAR T 220 SRR R R E A 23X 30
PR A T A AT UV Y Sl P 0 I O R TR
Gy W F I T B RELS AR L VR 2 W 558 R I A
35 RIT T SR ER XS A3 L5 A MY A G T e
A A BE B 52 000 3 26 T 52 45 SR UE W] T A IR £k T
LAKIHT (90 o A7 4 mm o) FR e iy 7 AR SR L
P e ok DAY 24 2 K Y o 410 A 2000 SR 19 5 SV O AN T R
ook /L 4 R e RE R A nT LB A AR BT M) AR O O 1]
B o DRI A 6 3 e A A A P ) A 28 0 AR T
i TR 56 0T TA) A B e 410 ) #) A7 00 R A L LU
e Ash e R A RS %

1 M5

1.1 {&5MRIE

RN I R B R Z i, 20 3 4L A 4% X
410 T 5 1% 80 40 R 1 %0 il B8 b A 2 203K
BN 20 R EL) . IR A A AR H 2
AEE AL EE JET 3 W B LB 12 h,
T I0 P A AR 2 3 RO ARl B 2 B A 0y Bl 4
PR 2 4 A7 Tk ARG I 3 Sk B R AT 4 (500 £
30) kg ik 4= 1R ML A FE AL H AR RS ML L R 3 ¢ 7
(£ D AR KBRS M4 5w B R —3%. T

H R G 2 h #liH2 800 mL 4 Bl IR G JE A
PRI 4 R 20 A0 3 U8 4 46 AR 6 S BRI Y & T
HEN. A K BRI A 50 mL % H WL I A
100 mL Z& whig ™ L A Bl A /. B & BERE A
TRV B R R A AR R IR A Bl AR B g X
O3 AT ASGERAT A I >R B L T 3 3 43 B AN B9 R e AR
JRR A R ST R T A AR TR A% R AR B
P LA BT = R A, g RS
RSN L BERENIIEE W 5 mL,JFE T —20 C
TR AR AT BT 005 45 R PER D7 2 s TR 4E 1 mL &
e JR B WOT A 5 mL ¥R B Sy 4 00 1 HY RS, R L
BB TR Z 400 435 WEEE 5 R
1.2 zh¥ide

A PN 50 SR FH B PR R B AL 40 A i 1K 58 s
HH 7 AR Al B2 B B o B d Ak L 2 T 8 Sk 12 A
W% PR E (230, 9 £ 44, 4) kg M REJFE L4 7 IR
R B RN REL S 2 A g 4 A
Xof HR 20 -1 4K (229, 5450, 1) kg, 41 BN 2 U8
FIAEL Al H AR (2 1;NRC,2 000), i35 41 (232. 3+
37.7) kg FEFLAY H M LW M 120 (g R £k (1. 37 %
TSR AN , 7R NI P . B 14 d X 56 o )k
LR FREY HEERE 2 K. W8T
JHAH R 41 R ) B R HE T A 2K Ak A PR A R & i
99 %0 Gk Sy A i

1 EfARER"

Table 1 Ingredient composition of diet

JE R w(f D/ % i % i
Ingredient Ratio Composition Content
55/ 57.5 w(FH )/ % DM 89. 20
Jig Ak KA 13.8 wCHE )/ % CP 15. 47
g 12.2 wi &R /% Lys 0.53
HFF KA 6.9 w(§5) /% Ca 1. 21
B NI¥ 3 5.5 w() /% P 0.62
i 0.5 ZEA v hE/ (M]/kg) NemF 7.19
yap il 1.8 P4 e B AL RND 0. 90
BERR A4 0.8
TR 1.0

TR RN HOROR R HOR LW 1% A ek, IR &8 RO IR

3T

Note; * , the supplement of nitrate treatment is 1% based on the dairy of

control treatment,but no calculation for mixed nutrition.
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1.2.1 #A%kiXk

R PEAT 56 d A3 14 d BT 59,39 d 1
AR I 3 d RPN AR SRR H OB AR R L
K37, H 7:00 F 1900 FEATEME, A KLk
A R E R 1 d AR X R R A B
HEAT VR B, X HRZH (o= 4) (9 H AR b 3 5] B A
200 mL 4K R B 4 (n=4) i H AR 2 2 8] A
REHHBR 1% RBRANM 200 mL 4k, K51
S B S g A K 5 3h W B ek TR A ST R A
(=Y
1.2.2 HAiR%

AR TR I8 I T AS V5 K 4 9 ) ) A R A
AR 8 S A By ZEAE A i b Y o MR R A £ 4E (NDF) |
EER MR ATE AR RS RS RRES
RIS P PR [ B E 4T . AR —20 CF
P URIRAE . 76 B A B 27 B B S A 53 i 0 2 A it
() NDF Jg [ Fl T4 5 & it . £E 80°C N A AR Sk T
2 0 LT 5 s i U ER e AR TR LR
(Soctec 2050, foss, Sweden) P47 %€ ; F| FH 4 H 3
LR 4E 4 FE AL (2 000 T, Ankom, USA) i#4F NDF ]
TE . FE N ST AR K A AR A 2 e R A B B R e ik
I 4 1 o
1.2.3  oFm &K 35

W 82 3000 R 6 7 35 A AR L B 27 B B A B 1Y
AR S e = AT . AR I S 3 d. xR
AN 2 & BEALE R 3 il I 4 (n=16) , 41 [a] 3¢
BHCEAE 6 A FF TG R 20T W $ s (R ) 1Y
HEAT AT 3 d I I ARG S, R A 1R S Al
W5 2 d iR, B H 7.00 #1900 T FFIE0%
% 21 min, FLRIER 3 ) 10 e B B A A SE HOoR &
54 HEAT 80 U6 B il 4 R . R ) 40 ) ) ML SRy 4B
I E P T 3 d PR BRI 80 %0, 3 d BRI YR
i A0 A H A X5 s PR & A

WP 3 TR 3 I O B AR IR IR = 5 P A s RUAE
3 )RR e i KL AE 2 N b s SAE R il . 0
W 2 K E P A 9 0 P4 S0 8 R VR TR T
il o BT A5 50 B 9 R FEOR A ) H A A A
JE AR AL T Ry R A P EE P O PR U K/
TR BETROE o B AERF I G E AE 1 KK
R g 2 b . LA P I e A A B
4 500~5 000 pg/kg s, B 78 bR o Bl R
ORI Nl G e o S O Qe DR W N7 (3 A £

21 min fE¥RAE 1 YW IEH SR P ALHE 3 min B
AN R M BE R B FT 18 min [ 45 I I 28 A0 UK 3 2R
AR o RN W Y HY e Y R B s TR HL A A TR B
(21 minm) A . B PF 0 2 P 2R S ] 4 3 min,
Horp 445 2.5 min B AHER GHEHTALUE BN 1Y
RSO E] 0. 5 min B SR ICEE T4y
B A, 25 WP 0 2 22 [8] 43 A1 AR 10 e 48t oy 5080 R 42
2 LA T P I B 4 4 o I SR R B ) ARAA G i
AT AT B e A% IR L AR b ik R R AR RN &URUAE
AR HEAT A3 AT, AT B AR 45 SRR B L IE4 2 B K
i B A B4R % N B R & AR b, 7RIS T
LR 5 45 R 5 X A AT R B bR oE AR
TN AA 212 g/kg. ALK 3 440 pg/kg, LT
927 pg/kg. WP ESL N 23 m®, oF B B E
1 22 CLMXRE 67%.,
1.3 SitaHm

R s ISR A Excel 2007 ##47, % F SPSS 22
B8 1T R A K 1 i A5 0 R AT 5 DR 3R Uy 2 43 T R
PRIZR — i 2 PR A 43 17 P M 1Y 2 3 R
Duncan [R¥E#EAT, W% K ¥4 P<<0. 05, ) 2 3% K
SN P<<0.01, J:H S. E. D EI8Fr 2, P-value
FORBEE

2 & B

2.1 WHERHMWESEMNEENSH(VFARE R

pH)FIF=SEM MM

26 2 WA, 24 sh ) BRI R TR 5k 5
TR M LR, MR 1260 2% F ¥k & %
flRCP<C0. 01 T WU g =k, 43 3l TR T 15, 200 F1
46. 200 A HAE 200 F W E & (P<0. 0D TR ™
W, AHRRERAE 200 W EFRAR(P<C0. 05) T pH., [F] i
A0 TR e TR BB B S TR v
A48 KM 8 08 T TN R R TR R L H 4 R AL AE
20 g/kg FREALT 3. 2%, IRl i 275 R L 1) il 25 il iR
BRI 1 G AR = TTE: ) 18
2.2 WHEBEXNERKMEMERELENZIE

3 Fn L0 RS B2 58 07 A X sh 9 /9 H 38 5 M
Tl A 2 A 38 7= A AT AT S ) ANFE 5 28~39 KB R
RIS T HISE, 8 28~39 RIYKH
Berh RS TRER AR T 15, 4% B AR 1 BT Ak R, T ig
JJii i NDF {4 4t 2 9 3% A W] 1 28 £k, 4 38 0 8 57 00
k2R [ 75 ) WL st [ ) AN BT 22 4 17 T 7



PINER A - i TR 0 P A B e 7 AR K P RE RO e 57

®2 BHNABLRhEMRRSEELZEENRTE.JRRHEN pH

Table 2 Methane production,pH . protozoa, VFA concentration and

proportions after in vitro incubation

i H Xf HE 20 10 EREE 20himR R SED PMH

Item Control 1% nitrate 2% nitrate P-value
F 458/ (ml/L) 21.97 a 18.63 b 11.81 ¢ 4,52 <<0.001
A/ (ml/L) 0.92 a 0.62 a 1.69 b 0.51 0.001
SRR MRR 2 / (mmol/L) 54.75 a 53.90 a 50.64 b 1.94 <<0. 001
1%/ (mmol/L) 38.72 a 38.99 a 37.48 b 0.75 0.003
Pz / (mmol/L) 10.35 a 9.21 b 8.59 ¢ 0.82 0.001
T B2/ (mmol/L) 5.68 a 5.04 b 4.58 ¢ 0.49 <<0.001
TR/ 3.75 a 4.40 b 4.51b 0.42 0.016
JE/(X10 " efu/mL) 5.52 a 4,48 ab 2.44 b 1.63 0.028
pH 6.40 a 6.49 ab 6.58 b 0.08 0.098

T AT B AN ] 5 B 2R 22 53 W 25 (P<<0. 05) A A T B s 7 BF 3ROR 72 0. 05 AK-F LR WFE RS, T

EER

Note: Values with different letters whthin same row represent significantly differences ( P<C0. 05). The

same below.

®3 MEBREAMERVERREHRZMO

Table 3 Effect of nitrate on nutrient metabolism
1~14 d 15~28 d 28~39 d P-value?
i |
YRR mEEREE O MR mRE: W W S ED
Item Tre Time TreX Time
Control Nitrate Control Nitrate Control Nitrate

TYFRRER/(g/d) 7704a 7533a 8040a 8622a 10368b 9592b 1414.36 0.784  0.001 0.461
HIE/ (g/d 848 a 84la 938a 978a 1162b 1099b  196.95  0.892 0.014 0. 846
Tl el I fh RO 9 9 9 9 9 9 1.07 0.856  0.964 0. 859
EHEFENAE/ (g/kg) 479a  519a  658b 691 b 552 Ac 637 Be 87. 87 0.143 <C0.001  0.436
e Wi L3/ (g/kg) 516a 559a 574ab 682ab 647 b 676 b 104.87  0.132  0.043 0.675
NDF JH b %/ (g/kg) 609a 584a 663b 676 b 660 b 709 b 71. 82 0.652  0.033 0.543

T O E M A BT BB A1 NDE AL 55 14 K35 28 KRAEE 39 KAKEGL . @ Tre= AL B4 s Time= I [i] 4 ; Tre X Time= Ak B 21
X . @R =TYRREE/HIE, OABRRLIHZ WYL E K. a b, e fLFRE T H 2 [ /Y 2 F K.

Note: (D Sample-collecting time points for protein, fat and NDF are 14™,28™ and 39" day. respectively. @ Tre= treatment, Tre X time =

treatment X time, @ Feed conversion ratio=DMI/DG. @ The capital letters represent the significant differences,the lowercase letters

represent the significant differences.

2.3 THEREX R ENRMm

B3 4 AT, B K AT LUl 28, 500 Yy e ™
DU T 50T BOR B i AR Y e e R g BE L
SRE ORI e N 31.8% . FFH ME 1 iR, 7E
WIS 4 by AR AR S AR 1 P e B A AR R

=)

=28
i}

oy

Jai 27~3 hooxl 2 P o e B2 Tk 38 e v A [ S S TR £
11 R e vk 2 B R IR T 65. 600, K S AN IR B 5 T
PR ER AR 5~6 h H ek JBE ik 3] i oy 06 o O IR 5 %)
R A AR e I TE 2 25 A8 Ak, 22 0 il R ko 1R e 7 ik 38t
RS AP
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Table 4 Effect of nitrate on methane production

I H Item Xt 8 Control YR L Nitrate S.E.D P-value
Wik kg 269 278 45. 38 0.792
Fas/ (kg/d 6.6 6.8 0.51 0.511
MAE/(MJ/dD) 120. 79 126. 85 7.71 0. 244
H e/ d 130.69 a 93.39 b 25.63 0.012
Hie/ & 19.38 a 13.21 b 3.82 0.003
H Bifig/ (MJ/dD 7.29 a 5.21b 1.43 0.012
H e fig / e 6.03 a 4.11b 0.01 0.003

TE - O M 00 PR 25 2 A e S W B o 3 3k .38 6 k. BT IR Sl 4R i D I
W I BRI AT 3 d 2K A TR B 802,

Note: (D Three cattle in each methane measurement treatment group, 6 in total. Limited

feed during chamber period is 80% of the average ad-libitum intake of all cattle in

3 days before methane.

4000 * * ok * * no no no no no
% £ 30.00
& 3
B
5
R £ 20,00
g ©
<
B = 1000}

000 | 1 1 |
6:00 7:00 8:00 9:00

—&— X 18 Control

O PAKEA Sy W 02 30 Ph 3 45 3 P9 45 3l 49 7:00—16:00 A L g

10:00

11:00 13:00  14:00  15:00  16:00

I} %] Time
..... @ fijfigEh Nitrate

12:00

WRIE . I A B RGeS L NI N REIE . OFF SR

N i) BE P A A2 B AR < o P<T0. 015 % 0. 01<CP<C0. 053 n0 RARBR AL .

(D Gas sample is methane concentration measured at 7:00 to 16:00 during chambers period. Every value is average value of

methane concentration during one hour. @ Symbols indicate the significance of effect of all treatment on methane production at

the different time point after feeding: ** , P<Z0.01; % , P<(0. 05;no=not significant.

B 1
Fig. 1
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3.1 WHEREHXR&E~ERR

A58 98 I T i 7R R 7 PR A A P PR 4 o 2
ESTE /R il U VA 7/ B O = o e o D G L
(g/kg. DMD i /2 & i B b 7 5 35 A7 Bt B A% OF:
FLAE 1 A A= IE W] T A S IR £ J5 4 b g AT 1A
AR S 1) P BE B A . X — &5 2R Van
Zijderveld 7E 4545 v 45 31 () 25 R AR 2 ), 6] B¢ A2

AR 10 h P9 fE B 3 3t R I 75 B Y 2 T

Effect of nitrate on methane production after feeding 10 hours

TSR ERAR M JS 5 h P B B T T H b e
ZHT R E N R UE B TR R R AT LAAE A
T2 R TR X — 2 R S B R A
H, - AE R e 14 2ok R B A DT i 20 1 FR e £ 5
Ao AR PF R TR TR &H 10 g iR
£ NEEIS . 1 mol AR EE T LA#5Z 4 mol &4 F»
AH 2SRRI 100 g A8 R R 50 vT AW 25. 8 g 1 H
B B DUBR R B 10 g Bl R £k 58 4 R S04 F 1
W EAT LI 2. 58 kg(DMD HUEE g 7= A4, (H 24
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I 12 PR AR BRI T 6. 17 kg (DMD iy F e
PR 3K — 45 WG R A R AR R T & o HORE AR
FR 4 B o5 A B TAAAE SR o Bl TR 3k B It
A RBCET Re BN, LG H N B i) ik
A28 o A A T F I A TG 0 4 5 T 5 R R O it 2K 14 5 )
DA B Xof 7= R e A A 0 %) S8 i Y R R X6 7 TR o Bk
AR T RE R S —E R, F L Rl
JE IR A e i R 22— A R A
(14 38 57 40 ST TR 6 % 0 455 i S TE N B9 B TR
(R R VR A Rk AT LA S 3 P R, AR AR
T AT LU Bl A i 9 6 e 2 A J A D R B U
A F ek BE AL B 2 B AIG . TR B R Sara 4570 93K
5 T L UE B T A R R X FR e Y S 2 o ROR L AE
HARAIMRLE 30 2 mmol 1 WA BR 28 J5 . B 4 7
AN T 98, 4%, BRI, AT e F e 0 o Ak
A 23900 (52 bR HY o 40 ) e a3 0 i
6.17/2.58), [l £ #E Hulshof 251 i py 4=k 46
Bl R 5 % B e 41 il % o 190 %, 1 Van Zijderveld
FE TR 2 HOR R R0 A R SR R Sk 89 24, I HL i R
Je S A AR K 38 12 W5 FE Nolan 4585 (1 A4
RIS RN 4 20 R R AR P MR RCR A 78% . WFh
(i) A~ [ 235 SR 1 it B ] BB 2 AR LG AE PSR DY L i R R
TE PR A= 4 A % 043 - 19 R 00 T e G D TR A AR
ik — 2L B E
3.2 MWHEBREXEKMEENFN

FH ot BE S B 1t 451 2K 19— Fp R BB U AR 56
e 0 R R TT LAREAR 31. 8 Y0 Y H e BE 5 AL BB 1L
P b 40k 1Y g i 1T DLBR 2R 7 M AR L SR AR
R0 45 RIF A IR B . 75 A 3K 50 1) 2 (A Ak 3,
S AR I Y Y H B EE ARG A SR B
em . RIEETE Van Zijderveld W95 4356 ¥ , fig iR
ERFREAC T Wi Be 5 BRe L AH R R 5 7 L A
PERERIRR WA B 8 s . Wi fE Pal 5 156
TRV R 0. 6 Vo R IR R J5 B SR T R
HOH s 7F Li S50 0 356 v O o Al 12 36t 1 25 48

[ERTE ST s S
L5 T 45 SR A ] A D PR A S B A MR R Y

MERSROCAW L THFNERSGE, EZHE
B R R i e A R & iR B A W L
B R e WA R 4R R . Dijkstra 81490
O LR AR AR AR B Y &L B
JEAE N A 8 R B3 Al B R R A s R R 2 AR
WZHE WIS EIF T T BCR a8 p g

15 g Bl R £k 2 FEAIRA SO (o |0 B e 1
ARt NI R DT 23 X696 B T A 7 A
PR 5 ) o R 2 X 9 AR ) B B Y S A
PR R R fe 2 T B g P R AR AR K MR IR
EERTE 2/ 3=
3.3 MWEBRIEMEMEELENFIE

Joblin 5 IA Sy T 76 30 1 B e i) 2 A2 b A7
TEH P3G R P D BE 5 9 R 7™ 2 2 R OC L 4K
ARG S5 R A5 Z AR . 33X PR S %) 45 3[R AE
PRAE HAb 56 b . Zhou ZEPY A BFSE v AR N 12,24
36 Fi1 48 mmol W AY IR £h . & ¥ 48 h J5 TN IR ;™ it 41
IR R 30.8%,59. 4% ,74. 3% 1 76. 9% . 5% HJ&
PR 1T 56 2 il 1 3 30 JBL i mT LA [) B 3 R S0 AORD 95 & Pk
W72  FE R 2 b L A Rk 1 340 I o A AH LT R 1Y
TE T 258 5 20 o i AR B8 3 348 It 95 114 & HL —F [ st
K A e AN R I A e B . T AE AR AR P A
2 VoM PR R I HE R PE N i R 7 o B 0 R R L A AR
AoEE B E LI S5 R SRR K AR R
BRI LR TR R R MR E MRS R T K
1A R, 78 Ik BE T 1% I A R k%R BN B
W T AR . I 4h , Broudiscou £8P0
g i SRR U D A R S A M IR D R D | TR 2
— X — R E AL WA e e, A5 P
pH R A R £h W B2 B 38 0w BG hn, 3X AT BB 2 BT R
FRE M ZALAE T4 7 & B X — HE & & 9
Sar T FREUE L {H Sar 25T AR pH 38 023 8
b R VR B PR Wk BE L A S TN R LU R B . AR
AR E 5 Zhou™ A 245 A [R] L BAR B4 J 1k AR Wi
Wit o5 i 1 e vk 32 %) 2 v T PRI (HLI: & I R L 451 )
Bl 2 380, 1 R — 45 R Y i AT e R A R AR i A
AR X T R 0 ) EL A 8 B 1k LA I
I0E

AT 56 Ul 1 i R R % DA A Y e 4 i A A 2
P IFIED] T 7E MR 100 SRR ER H RS 4 h YRS I g
ARSI AR . H B G B OF A 4R R E R
i K- ELAE B A HLER 115 K Y AR A 80 i 7R
AR ERE
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