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Research Progress on Phytobiotic Additives Regulating Rumen
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Abstract: Phytobiotic additives are rich in secondary metabolites such as tannins, saponins, alkaloids, and essential oils. which exert positive
effects on regulating rumen fermentation in ruminants. These additives can effectively reduce nitrogen excretion and methane emissions in ru-
minants, and also inhibit microbial respiration and nitrification in soil, thereby reducing nitrous oxide emissions. In addition to their environ-
mental benefits, phytobiotic additives can also improve rumen fermentation. This paper reviews the roles and catabolic mechanisms of phyto-
biotic additives in the rumen fermentation process, their effects on rumen fermentation, and their role in reducing the environmental impact of
ruminants, to provide a reference for the application of phytobiotic additives in ruminants.

Key words: phytobiotic additives; ruminants; rumen fermentation; greenhouse gases

AR (CO, L H B (CHY) L &AL T & FEEMRFETHFEHOL. EHRLHAEHE 0% Ll
(N, O) B F i SR KRR e st %f\,m%?ﬁz% CH, A1 40 % AV I8 2= S h 1 38 % B 5 72 72
BRAERMEEREK, #faih. 2L 14.5% 1k AN, BB R E AR —ERE L

Wi BB 2024 - 09 - 25

E&W A BIp LA A BT BT RN 55 98 5 3 (CZ-KYF2023-1-C005) .

EE B A X BCEE(1994—) , 22, BB 5E 51, 32 B A FRIUE 257 b il 6 A . E-mail: liuqiujin321@163.com,

BEEE KM 1985, 5, DA% 51, 32 2 =5 D e 1k 1 b it B B2 87 Wil L AF , E-mail : ninganren@163.com,

- 134 .



BE&RLHE

2026 £ 18 xékAk

/0 i 2 SR HE T B T ARDRE A T 5 A0 3l ) A
P RE 5L ASREL B E LA S84 w85 90 1 K I A
A i Bl RIS TR 98 R S B Y RS T
P T AR I RE o A 4 R S i AR R
A YR IR TR MR 5 2 B A Y A b
REFEIE N T AT 45 T I Y Fl 5 A K . T AR
SCERIR TR W0 R e R S 0 3R X S 4 s R
1 e it 25 SRR TR 5 W 5 T D AR DR AR T
IR 2 sh Wy i B R 2%

1 EHEREARRNFAAERGHY
BB RZEEILH

Ay B R R Z R A BT R
K i 2 B3 SRR AR ) ) T 00 iR A ) S R I
PR B E S ORCR Y AR A DR RDRE ]
b VR PR E R R B R R e A
BRI XS R 7E 9 B bl R IE R LT
PUAERBEN W E 2 [R5 5 2 R
W RAMRE ) S E NS R RV EY
PR GR) RS 0 0] B0 B0 TR S PR SRR B R R Y B K
PEA O BE A% 52 el o 2 ) 200 i 3 T 1) | 7 1% 328
BB RE AR T I8 N B S A TR
A28 I W0 5 37 W 5 1m0 i N 0 e A
177 BEL A9 200 A A

GER7/ RN GIE SRy B DO R R €A/ RN e b
e, 32 SR T AR W) b Ak G W i ) LSS AL AL
PR, MO MBS T RS EE
A W AR DG IR 23 1 1 1Y BT 0 A Y
MEE SR . fE4E A 5T (Condensed Tan-
nins, CTSEHE Y IR AL & W) b IR A8 R /K
¥ Z (Proanthocyanidins/Prodelphinidins, PC/
PD) I LB 3R & FE NS 5 48] L 2 52 i HL 2R )
WM EEREY, mfEa &5, PC/PD 1)
POAE R & BE AN S S 4 L B2 i CT 9 A 9 16
PO 5 R i RE R R O

T IRAL S W v i 1y 2 Wy o B A 4 A AL )
AE , Horh — &8 20 A 4208 i R 1 RE IR WA, E A 1
FARNAEER 53— 85 WA IR B N 4 G ) o il
TR Ban, & OORR | B 2R R RN e R S A
BEMRAEIR B AR A 55 12 h J5 RO BT R, 7
Bi g% 72 h G REIE TR 70260 SRR AE TR
A i 3 et L 5 P A O R Ak OB R S5

PRI IR AR B 5 TR R R B i S 22 Bl R AR 7
XL R AR 7= ) R AL R T AR R

B 2L W CUn i B 28 L Iz 1y L 5 T Ll
FEHOTEIE B WK S Bs 57 o #E o, w] R R
Y i BRI KR N G TRV T R .3, 4-2 7%
FEOE R A K = R0 4-F R LS B, AT B g
W, AN g R R (iR A AR
60 TR R K BT ) T 3 0 T R ORI BRL T T B K A
Wit , o3 it 7K fi B 7° (Hydrolyzable Tannins, HT),
AR IR FERAERRY . TR RN EET
FRTETR TP R AR AR R =y AR R =y e Ak
F] 2 — By, I AE N PR VAR 5, X B AIG IR
N, O-N HEsCEA f il fE Y,

CT nf fig 3 fa) 50 23 1 G A6 90 B R i o .
Bl F B k98 E B K, 985 B A AR B 9T 9
DIRASYE CH, ME S (NHO HE . 781
BERIE YA CT A A F 42 5 8 E 8R]3R ik
AR B N R . AR AR S CT
B i o DR AR 2 W B T 00 o A L Y ol
GV FE B PE R . H AT, CT 7898 5 W 0
A BL I AT 4. Rira U W98 T AR ALY R
Ui R 5 45 A R CT IR Ab B M 1 00 45 SR &
B UF B CT 7E 55 9% 24 h 5 58 e Wi i 5 &
A& CT BRI R 21%~93% ., HHI,
SR EN CT R Hh 82% ., KK
AT i — 2 T JE B 5, LA AR B A 3t CT
1) % A AL

2 EWEREARMTES LB

A

2.1 HEYRARSMAIZES pH %0

FEE M pH {H 328 57 PR (i H R 2 A A
MR R i A 48 73 00 ) 5 A 85 TR 3R A A
WOEZ R B iR E AR E pH
(B0 P R P 03 B 44 455 i A W 9 M
A4S IE R A B RE B R E B, Z IR
WA AR R AR S 0 SR A R R pHL R R
KW DT R E AR Bl Y IR
BB L BT R M M O ) 4R R
0 2 T T e R LR A TR A K AR LR R
JHV G 8 E . AT 58 2 988 B p L AR AU 7L 7R e 2 O ik
DR ZREAR . AN WAL S B RS b D

.+ 135 -



XAk tEA 2026 F£F 1M

BE&BRLHE

SRR T RIS 24 Bl ) O T G 0+ R M VR
HAR H e v 3 AR 2H R, 75 O E DI RE L e
FARW 5 Fe g Y, Ricei 17 6 TR YK
T KT W 98552 W ) T 5 26 BT R G il 5 AR 2R il
Y I R RO T R R R T L O il DU B R
W 5 35
2.2 EYDIR R R N X B & M RS B R Y
7

TEAE W) ISR A ) e et A v L R T Rk
8 B8 (Volatile Fatty Acids, VFEAs) 2 K& %
A YRy £ AR OR IR, W R X
VFAs Az 5 0952 W A S AH 5] L W 58 25 2R 06 55 0
AR A s BN DA B A 7 32 3 A
) VFAS“- S Z R oL, KER RV E Y i
W) R T M o3 5 5 R TR 2R S RE R
VFEAs BEEIR W], HARR Iy SR WD N IR
G el R RS N ) S P R L 481 4
14 J5% PR AT R 2 SR TR A R A A A R
SE B A S I R T I A B 0 T 4
EIRFIRR N AR F R, ZEHE A A E R
R B GE T e 4 IS, O 28 R 3R R IR AR AR iE T
P M i DT i s R A% 3 | AR CHL A i A 42
THNBRW L . S350 WP R R R WD AR
TR A B R B IR A A R R 4
THRE CRWIE X 59 E e 4 o3 ik A K
R TR % M G 5 2 DD A OGP
23 EYWEEAMRMANEERREMBLED
EAA AN

R A s e LR AR E N
YeAp Ho A P R HA SCHEAE T . A W S in )
XF IR A R A A B T s b
JoT K A% NHL » DTS 0+ =48 i 85 1 3 1 3%
I 52 R W R BT A Y S8R S A AL IR
e

BRI 5  AE P U5 S 05 AT 3 sk 22 AL ) R
IR b iy NH i B 6 #F 3 A 0 2R B
— i, T g A S EARERE S,
I i 7K A AR S TR A A T R
ake S N A REUN -1 3 R 1 A (AR U A S P 8
it R BAT — s E IR T . 53— J7 L. Rk A A
770 B0 R T AT B LA T R B
A 200 TR ¥ ol S O 1 I Bl A R A

* 136 -

NH,-N #F] H , #E1 2> NH, B A e

3 EMEREAMSMARERSIY
X i 2 S A HE Y R 2 0

RS TR ESRTE R RER
B R CO,.CH, N, O DA R & 2K WS
UNQUER - RENES NS R R R
S R S T W OR B JE & B 2T A e G
T B0 VR b 3R R AR TR A R AR AR R
A 1 B 8] A5 A2 Ak % 1] 2% Bt 25 (Intergovern-
mental Panel on Climate Change, IPCC) 58 75 IK
LA T A 20112020 4F b BR 38 17 7 4918 2
B 1850—1900 AFMF-H4REE BT 1.1°C L 5l
] B, R Il S AR B s B

2007—2016 4F, 2¥KZY 1390/ CO, 4490 1y
CH, A 812019 N, O HEBCH P40l Aol Fi
by - M A& B0 A R R R HE R
23900, o RAEW AR 7 5 I i R AR R AR
b Z SR FZERVE 43 B AT B HE
F 45 20 A1 39 Yo o T 2 5 i A7 FIN & 7 i 3z
A 109 6 %0 . Bk E B POk 2 & 4
BRI S ARHE R R 14.5 %65,

4 3 Wy 2 B E HE R BBk R . AR BE
Baténinaite S5 iRl L )4 K & A ) KA P HE
Jit 8 000 71 ~9 500 77 tCH,., CH, F% ¥ H
B4 7 R e oty TR HL R L PR 45 3 i i b AR
7 FCHEBOR AU ) W 28 R0, 38 25 1 R 4 3
Yrhe it iy 300 2% L BEARARDRE R R0

N, O J& — Pl K 9 i 5 00, FLIG IR i 34 02
CO. 1Y 265 £ LA B, & Pl A= =, 70 %6 ~
80 %0y H ML AR 1 BT 2 76 I 2 sh W 9 B b K i 1k
NH; . 298 8 oA £ NH, B, B4 s H BER
WA TE I IE 3 A6 R DR 3R SR 5 B B DR B8 R
TCHE ARS8 TS B P HLAR R A R

B2 e IEHE R AN S B R E A
iy S hg Ak 25 9 VI AH G, 32 2R KB B L AR T
AR REZAMNE N, HEAH RS
REHE o MIRRIEAREL G A W IR 2
W H A o NH,  Horb K o e 4k R B (NH D
Tl 2 1 NH, I 25 a3 5 KA rp (9 B IR A TR 45 I
PR T A SR AR B R B L B TR A R R
Bie . XL T A AL F N 2 T 3L



BE&RLHE

2026 £ 18 xékAk

WEE5 get

UL Ak o HE Py A b i NHL 78 B P
YERF 38 i fb A 155 L B % e o NL O, i
— I kAR R
3.1 HEYiRAAERmMF X CH, HE AL B 3 i

GELY/R YR RN B EIR (PR <R ARt i a2
FEAE T ELEEIIAR ™ B e o 0 SR W i
MR AR CH, HERC . DL R =X 0 A8 9 V5 B
) Can 4 25 K s ) W] R ARG R o e T TR e R A 3%
T2 A7 1 R X 3 00 3 T BB A5 25 T 0 VR R )
HH ) A 3 X 7 o TR A S A

X S R, R T AL AL TE A
B g G R R YRS S AN B AR
HRIEMK, MY CH, ™ & 2 7%, £ ]
AR S MR A ARDRR A I ) TR AR R A K
B AR AE . bR BB A e B DL D
CH., A WA A4 5 e 8 in 5] 348 16 30 1o 41 o) e
o RAE T REF 4 & o i e L 180 CHL, & 0T
1 SR AN TR W A B N e AE i e
IS0 BT R B A R AE R AL

BEA HE P U5 1R RE S N A R 4 T TN R TR
BRI B AT F B, WAl 571
ot B e 4 A R E B H o DT — 25 AR
CH, =&,

— BB gY I L FE SR UR VR R e CH, AR
R REE R X LN AL 4G 2 R R
T 1 B A3 s ) A0, 2 Y R R L A
i | 5% B O H R A AR IS T A A £
T 25 v (R R A5 22 W BT R T YL A ARG T 3 A
WS T ) 22 25 AT CH AR R I KR
B YR AR Bk R R R E
ARG T EE NG 20D 1 K20
S5 5 AR W T B OB A R B A e R A
PR A6 5 3K 6 ik 43 349 4 i T 7R AS TR RE B L R IG
RAsPry CH, Friat,

UL AL A UGS A X CH, 77 2 A 5% Wi A7 1
25, U0 H O B R AR (R B AR S AR
R ) o 7 0 ok A8 b R A RS i R A & T T
S TR AR R A B W G R 2 S vk L K5 B
W,

3.2 HEYIRARERMFI N,O HE A A =0

FER A EEUAIAE XRS5 5

S M0 PRI AP 0 N 32 B Sk B R i i JR 2L AT TE
BT h 2w Ak R RS AR AE A6 N, O, BRIt
ok /D PR ECHE R BEAR R 2 3 N, O 2B i 31 2
wall,

AL R VS N R B T AR T R Ak I
T AR A W A TR M Ay BB AT 0 D A
He il T8 2> N, O BB . Gardiner 455
P B0F 5 2 B 4% 4 i 2 4 B 5 0k e S B
VT T 4 3 0 DR W BE B, T 2 R A R R
N, O B HE R . Gao Z5M FE 4= H AR TR s 0 4 Fh
AN 5 (0.2.7% .5.4 % Fi1 8.0 % DM 1Y = it 1
SEATYE, R BLBEE IR = 3, B A S IR A L E
ETE S DR v DR A FE R B AT AR HE i e R
B, 1 R 2 RS IR A Ee WA R R . Uus-
hona %51 & B, 78 76 2 1] K rh s i BB 60 B i 4
% 100 g/kg DM A 3402 A AR PR A

IEAb R E K i BT CHT) B 20 R AT 2
b bR R A AE PR A L ] DT 20 R IR N, O
FHE R . B PR R A Ry 9 A 2k R 1% 0 11 51 5 g
U EEIH N.O M . 2 shPr i 4k E i
TLE 0 T AL 0 O A A 7 W K A o LR 3
PR A BY T R N, O B HER . 71, 4
WL o L % R O PR AR, HL o 2 PR AR
W P R R R R N B AR
Yy nF W Ko i b i AR B B AR R e
N, Ofyg A= it .

4 IMNESRE

ey R A S T R0 A4 Sk 3 ) e R A Ry
oA AU R0 S & S Y R HEHE R CHL HE
JRCTT T 2 B 2 . X S N N R R
Z P A W AL S W AT S B VT R R A A
il

AN AR B B BT R R e R
A5 0 S 2 Bl W g e B AT RO e AR
I HEA BFEAR IR = R HER . SR i R A
SETE LY S5 AT RE XS Bh W) fa B AL A RIS . it
Sb IR ARDRR R IR 7 AR 7 0 A O AR R 32 F
15 5 A AN D02 458 7 3h Wy it B L 3k il fE ) 4%
A ESIEY/ iR g o e

PR S A T 5 R P AL DR A S o 7R I
JO7 3 TFRE A A L I A B A 1) 3 7 5 AR A

.+ 137 -



XAk tEA 2026 F£F 1M

BE&BRLHE

HE LU D8 JFG 0 A% B R A B 8 i XU R: de /)

ft.

SN B R AR W U S ) S A

Bl T 52 T4 38 WOl g AT 4 2R L A Dy S I ER I R
55 il = AR F AR AR I T A7 AR

&% 3k
[1] TUBIELLO F N,SALVATORE M, ROSSI S, et al.

(2]

(3]

(4]

(5]

(6]

7]

[8]

9]

[10]

[11]

The FAOSTAT Database of Greenhouse Gas Emis-
sions from Agriculture [ ]]. Environmental Research
Letters,2013,8(1):015009.

KPR o Bl 5 50k, S AR 3R O 8 5 4 B i
St HER A A 72 a0 B L) ], oh [ s e A, 2024, 60 (7)

13-17.

HALXF 5. 0S5, E YRR mE L ashy
I W e R BT T kR (D). 3h B B IR AR, 2024,
36(5):2752-2760.

OWENS F N,BASALAN M.Ruminal Fermentation M/ /
Rumenology. Cham: Springer International Publishing,
2016:63-102.

DIAS P C G Jr,DOS SANTOS 1J,DA SILVA A L
A, et al.Essential Oil from Arnica Montana on Feedlot
Performance, Ingestive Behavior, Carcass Characteris-
tics, Rumen Morphometrics Characteristics and Meat
Fatty Acids Profile of Lambs[J].Small Ruminant Re-
search,2023,220:106920.

SMITH A H.ZOETENDAL E.MACKIE R I.Bacte-
rial Mechanisms to Overcome Inhibitory Effects of
Dietary Tannins[ ] ]. Microbial Ecology,2005,50(2):
197-205.

PATRA A K, SAXENA ]. Exploitation of Dietary
Tannins to Improve Rumen Metabolism and Rumi-
nant Nutrition[ ] ].Journal of the Science of Food and
Agriculture,2011,91(1) :24-37.

TREEF S E IR XA, A5 5 il 28 R 5] ik 2806 7E
B sy R 7 R LT ] 5 5 4 2024, 32(8)
2337-2345.
LAGRANGE S P,MACADAM J W.VILLALBAJ]J,
et al. The Use of Temperate Tannin Containing Forage
Legumes to Improve Sustainability in Forage - Live-
stock Production[]J].Agronomy,2021,11(11) :2264.
KIM D, KUPPUSAMY P,JUNG ] S, et al. Microbial
Dynamics and in Vitro Degradation of Plant Seconda-
ry Metabolites in Hanwoo Steer Rumen Fluids[]].
Animals,2021,11(8) :2350.
WANG Y L, WANG W K, WU Q C,et al. The Re-
lease and Catabolism of Ferulic Acid in Plant Cell
Wall by Rumen Microbes:a Review[ ] ]. Animal Nutri-
138 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

tion,2022,9:335-344.

BERGER L M, BLANK R, ZORN F, et al. Ruminal
Degradation of Quercetin and Its Influence on Fer-
mentation in Ruminants[J ].Journal of Dairy Science,
2015,98(8) :5688-5698.

GOEL G,PUNIYA A K,SINGH K. Tannic Acid Re-
sistance in Ruminal Streptococcal Isolates[ ] ].Journal
of Basic Microbiology,2005,45(3) :243-245.

ZHOU K, BAO Y.,ZHAO G Y. Effects of Dietary
Crude Protein and Tannic Acid on Nitrogen Excre-
tion, Urinary Nitrogenous Composition and Urine Ni-
trous Oxide Emissions in Beef Cattle[ ] ].Journal of
Animal Physiology and Animal Nutrition, 2019,
103(6) :1675-1683.

ZELLER W E. Activity, Purification, and Analysis of
Condensed Tannins: Current State of Affairs and Fu-
ture Endeavors [ J ]. Crop Science, 2019, 59 (3):
886-904.

RIRA M,MORGAVI D P,POPOVA M,et al.Micro-
bial Colonisation of Tannin-Rich Tropical Plants: In-
terplay between Degradability, Methane Production
and Tannin Disappearance in the Rumen[]]. animal,
2022,16(8):100589.

CORREIA SALES G F,CARVALHO B F,SCHWAN R
F,et al. Heat Stress Influence the Microbiota and Or-
ganic Acids Concentration in Beef Cattle Rumen[]].
Journal of Thermal Biology,2021,97:102897.
MICKDAM E. KHIAOSA-ARD R, METZLER-ZE-
BELI B U, et al. Rumen Microbial Abundance and
Fermentation Profile during Severe Subacute Ruminal
Acidosis and Its Modulation by Plant Derived Alka-
loids in Vitro[J]. Anaerobe,2016,39:4-13.

PN A £ X W 2 M R P R RO R
XA PERERI [ D14 M - 35 M s, 2019,
AHMED M G, AL-SAGHEER A A.,EL-ZARKOU-
NY S Z,et al. Potential of Selected Plant Extracts to
Control Severe Subacute Ruminal Acidosis in Vitro as
Compared with Monensin[ ] ]. BMC Veterinary Re-
search,2022,18(1) :356.

CASTILLO-LOPEZ E, PACIFICO C, SENER-AY-
DEMIR A.et al.Diet and Phytogenic Supplementation
Substantially Modulate the Salivary Proteome in Dairy
Cows[ ] ].Journal of Proteomics,2023,273:104795.
RICCI S, RIVERA-CHACON R, PETRI R M, et al.
Supplementation with Phytogenic Compounds Modu-
lates Salivation and Salivary Physico-Chemical Com-
position in Cattle Fed a High-Concentrate Diet[ ] ].
Frontiers in Physiology,2021,12:645529.



BE&RLHE

2026 £ 18 xékAk

[23]

[24]

[25]

[26]

KHURANA R,BRAND T, TAPIO I,et al.Effect of a
Garlic and Citrus Extract Supplement on Perform-
ance, Rumen Fermentation, Methane Production, and
Rumen Microbiome of Dairy Cows [ J]. Journal of
Dairy Science,2023,106(7):4608-4621.
PRGBS BEIE AR L A5 A2 O A ORG T AR PR A R
HAm MAERERERLIL&EHEERE, 2023,
42(1) :1-4.

TIAN G Y,ZHANG X Z,HAO X Y,et al.Effects of
Curcumin on Growth Performance, Ruminal Fermen-
tation, Rumen Microbial Protein Synthesis,and Serum
Antioxidant Capacity in Housed Growing Lambs[]].
Animals,2023,13(9) :1439.

R, R B 4 A VD RS Th X ) SR AR S
R R T4y o0 M e A8 9 52 i [T ). s 38 2 4l
2021,33(8):4740-4747.

[27] DELLA ROSA M M.,SANDOVAL E.LUO D,et al.

[28]

[29]

Effect of Feeding Fresh Forage Plantain (Plantago
Lanceolata) or Ryegrass-Based Pasture on Methane
Emissions, Total-Tract Digestibility,and Rumen Fer-
mentation of Nonlactating Dairy Cows[]].Journal of
Dairy Science,2022,105(8):6628-6638.

S0 By U A5 SCHR L AR B RN OR R 2R ALK W)
PRSP 7= SR S B 2 B0 52w B AR 7 W 0 F oY
(1. 30 35241, 2020, 32(1) : 321-333.
ORZUNA-ORZUNA ] F, DORANTES-ITURBIDE G,
LARA-BUENO A.et al. A Meta-Analysis of Essential
Oils Use for Beef Cattle Feed: Rumen Fermentation,
Blood Metabolites, Meat Quality, Performance And,
Environmental and Economic Impact[]J]. Fermenta-

tion,2022,8(6) :254.

[30] ZHANG X, KE W C, DING Z T, et al. Microbial

[31]

[32]

Mechanisms of Using Feruloyl Esterase-Producing
Lactobacillus Plantarum Al and Grape Pomace to Im-
prove Fermentation Quality and Mitigate Ruminal
Methane Emission of Ensiled Alfalfa for Cleaner Ani-
mal Production[]].Journal of Environmental Manage-
ment,2022,308:114637.

ZHAO Y CH,YU SH Q,LI L X,et al.Feeding Citrus
Flavonoid Extracts Decreases Bacterial Endotoxin and
Systemic Inflammation and Improves Immunometa-
bolic Status by Modulating Hindgut Microbiome and
Metabolome in Lactating Dairy Cows[J]. Animal Nu-
trition,2023,13:386-400.

ABD’QUADRIFABOJUKORO A N,NSAHLAII V,
ABD’QUADRI-ABOJUKORO A N, et al.Evaluating
the Effects of Some Selected Medicinal Plant Extracts

on Feed Degradability, Microbial Protein Yield, and

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Total Gas Production in Vitro [ J]. Animals, 2023,
13(4) :702.

MUELLER-HARVEY I, BEE G, DOHME-MEIER
F,et al.Benefits of Condensed Tannins in Forage Leg-
umes Fed to Ruminants: Importance of Structure,
Concentration, and Diet Composition [ ] ]. Crop Sci-
ence,2019,59(3) :861-885.

ZANDALINAS S I, FRITSCHI F B, MITTLER R.
Global Warming, Climate Change, and Environmental
Pollution; Recipe for a Multifactorial Stress Combina-
tion Disaster [ J]. Trends in Plant Science, 2021,
26(6) :588-599.

KA TR O [R] AR A2 A& 1] 2R L BN IR
RO VPSS AT ] R, 2023,75(3) < 10.
IPCC.Summary for Policymakers.In: Climate Change
and Land: an IPCC Special Report on Climate
Change, Desertification, LLand Degradation, Sustainable
Land Management, Food Security, and Greenhouse
Gas Fluxes in Terrestrial Ecosystems [ EB/OL J.
(2019) [[2024-07-19 ]. https://www. ipcc. ch/srcel/
chapter/summary-for-policymakers/.

GERBER P J, STEINFELD H, HENDERSON B,
et al. Tackling climate change through livestock: a
global assessment of emissions and mitigation oppor-
tunities] M ].Food and Agriculture Organization of the
United Nations (FAQO),2013.

KRISTIANSEN S. PAINTER J, SHEA M. Animal
Agriculture and Climate Change in the US and UK
Elite Media: Volume, Responsibilities, Causes and So-
lutions [ ] ]. Environmental Communication, 2021,

15(2):153-172.

BACENINAITE D, DZERMEIKAITE K, ANTAN-
AITIS R. Global Warming and Dairy Cattle: How to
Control and Reduce Methane Emission[ ] ]. Animals,
2022,12(19) . 2687.

IPCC. Technical summary. Climate change 2013: the
physical science basis[ M].New York:Cambridge Uni-
versity Press,2013:1585.

GAO J,ZHAO G Y.Potentials of Using Dietary Plant
Secondary Metabolites to Mitigate Nitrous Oxide E-
missions from Excreta of Cattle: Impacts, Mecha-
nisms and Perspectives[ ] ]. Animal Nutrition,2022,9:
327-334.

CHADWICK D R,CARDENAS L. M, DHANOA M
S,et al. The Contribution of Cattle Urine and Dung to
Nitrous Oxide Emissions: Quantification of Country
Specific Emission Factors and Implications for Na-

* 139 -



XAk tEA 2026 F£F 1M

BE&BRLHE

[43]

[44]

[46]

[47]

(48]

tional Inventories[] ]. Science of the Total Environ-
ment,2018,635:607-617.
STACKHOUSE-LAWSON K R, ROTZ C A,
OLTJEN J] W, et al.Carbon Footprint and Ammonia
Emissions of California Beef Production Systems[]].
Journal of Animal Science,2012,90(12) :4641-4655.
ALAYON-GAMBOA ] A, ALBORES-MORENO S,
JIMENEZ FERRER G, et al. Tropical Tree Foliage
Supplementation in Ruminants Improves Rumen Fer-
mentation and the Bacterial Profile and Decreases
Methane Production[ ] ]. Animal Biotechnology., 2023,
34(9):4510-4522.

XU B S AR, AF A (R A ) 0 Ok A R Ok IR R
AT e Y S [T ]GRBT 5, 2024, 47 (10D
93-98.

ABARGHUEI M J,SALEM A Z M. Sustainable Im-
pact of Pulp and Leaves of Glycyrrhiza Glabra to En-
hance Ruminal Biofermentability, Protozoa Popula-
tion,and Biogas Production in Sheep[]J].Environmen-
tal Science and Pollution Research, 2021, 28 (25):
33371-33381.

ANk, i, G 8 SEUS I BT IR X R AL A
T B RO MR A 7 A RS LT ] AR e ARk R
R .2021,52(8) 1 48-56.

AHMED M G,ELWAKEEL E A, EL-ZARKOUNY

140 -

[49]

[51]

[52]

S Z.et al. Environmental Impact of Phytobiotic Addi-
tives on Greenhouse Gas Emission Reduction, Rumen
Fermentation Manipulation, and Performance in Ru-
minants: an Updated Review[]]. Environmental Sci-
ence and Pollution Research, 2024, 31 (26): 37943-
37962.

EE R BER.FEYRTHEER49YIR
UM HE RCRY WF 5T kR (. 3 1 R 4 4R 2024,
36(3):1413-1425.

LAZZARI G, MUNGER A, HEIMO D, et al. Effects
of Tanniferous Sainfoin and Acacia Mearnsii Extract
on Urinary N Excretion and Ammonia Volatilization
from the Slurry of Dairy Cows[J]. Animal Feed Sci-
ence and Technology,2023,297:115577.

GARDINER C A,CLOUGH T J,CAMERON K C,et
al.Potential Inhibition of Urine Patch Nitrous Oxide
Emissions by Plantago Lanceolata and Its Metabolite
Aucubin[]J].New Zealand Journal of Agricultural Re-
search,2018,61(4) :495-503.

UUSHONA T,CHIKWANHA O C,KATIYATIYA
C L F,et al. Substitution Effects of Acacia Mearnsii
Leaf-Meal for Triticum Aestivum Bran on Nutrient
Digestibility, Rumen Fermentation and Nitrogen Re-
tention in Lambs[]J].Small Ruminant Research,2023,

221:106948.





