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Abstract: With the rapid development of China’s livestock industry, conventional feed resources can no longer meet
the industry demand for animal feeds. Faced with the challenges of feed shortages and low self-sufficiency rates for
high-quality forage, the full development and utilization of forage resources and novel feed materials have become
urgent priorities. Therefore, the development of novel feed formulations has become a significant research focus.
Fermented total mixed ration (FTMR) is a diet suitable for ruminants. It is produced by fermenting a total mixed
ration (TMR) based on the animal’ s nutritional requirements and blending roughage with concentrate feed under
anaerobic conditions. Compared with traditional TMR, FTMR offers extended shelf life, higher nutritional value,
and easier transportation. It is also more palatable and enhances animal production performance. This review

describes the current state of FTMR technology and factors influencing fermentation quality. It then focuses on the
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mechanisms by which dry matter, temperature, storage duration, dietary ingredients, and additives affect FTMR
fermentation quality. Finally, it explores the applications of FTMR in ruminants and investigates its impact on
ruminant in vitro digestibility, production performance, rumen fermentation, and meat quality. This review aims to
provide scientific guidance for the practical application of FTMR in animal husbandry.

Key words: fermented total mixed ration; fermentation quality; ruminants; in wvitro digestibility; production

performance; rumen fermentation; meat quality
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Table 1 Effect of dry matter and moisture content on fermented total mixed ration (FTMR) fermentation quality

i H e EEPEN
Ttem Research results References

T 7 it Dry matter con- #3804 CHLER 11 ARIEPEBROR AL A 4 1 PETR G LT AR R AR SN T4 PO AL 30) 18645 kAR 7B Ak (ELIT AT FTMR JF [20]
tent (400, 450, 500 g-kg ') AT HIRETEA A AIE T AR FRFEE Hiad 21 d. Nutritional components (crude protein, water-soluble carbohy-
drates, neutral detergent fiber, and in vitro dry matter digestibility) remained unchanged, but all FTMR samples

maintained stability under aerobic conditions for over 21 days after feeding.

T i Dry matter con= T DR T BT D SCR AR, K43 BT 2R FTMR (90K S0 T B AL . The dry matter [21]

tent (500, 650 g+kg ') recovery rate in moist silage is relatively low, and moisture content did not affect the in vitro dry matter digestibility
of FTMR.
JK 43 i Moisture content 4Kk T 2K (Zea mays) FTMR B3 H. & /K # R 45% A1 50% . The optimal moisture content for whole-plant corn [22]

(40%, 45%, 50%, 55%) FMTRIis 45% and 50%.
) 5 % 5 Dry matter con- /K43 & fbl ok, FLER & BT L 483 g kg AU/ & i B B M SLIR S B A A TRLRR T AV A K . The [23]

1

tent (375, 432, 483 g-kg ') higher moisture content, the greater lactic acid content. A moisture content of 483 g+kg ', which exhibits higher

lactic acid content, is more conducive to the growth of lactic acid bacteria.
T & B Dry matter con- AR 5 FTMR 2 £F 4 5 RGOS KA K, Hh 2R A H RS KR m, a2 [24]
tent (375, 432, 483 g-kg ') R IR Z M K . The loss of hemicellulose content in FTMR at different moisture levels correlates with moisture

content, with higher total mixed ration (TMR) moisture leading to greater reductions in hemicellulose content.
7K 43 % B Moisture content 7 7K A8 Gk o AR MR ME A URE 22, S ) T R IR AR o i i SRR R A K AR ERL R [25]
(45%, 55%, 65%) PR A5 25 & T A Y 2851 . The higher moisture content, the greater production of acidic substances in the feed

which more effectively suppresses the growth of aerobic bacteria and harmful microorganisms during fermentation

while promoting the proliferation of beneficial fermenting bacteria such as lactic acid bacteria.

7K 43 B Moisture content 7K 43 7 ki (¥ A B, pH AL 88 2518 T 7K 43 3 S AR A A B, 7K 23 35 f 7, NHL,-N A= B R . The treatment [26]
(40%, 50%, 60%) with high moisture content exhibited a significantly lower pH value than the treatment with low moisture content.

The higher moisture content, the greater the amount of NH,-N produced.
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KRN B R AR A A SRR RS T IR R R, O FLIR B T AR RS AR IR
BRGS0 e 2 B B ] T LR A U B R R R L JR A WKL . Y R WER I B REALS R
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JR T84 B o B JE e R Tl B e, A3 AR P 5 P A A ) R S 4 R A A R N RORD A B R S NGy R Ik
BrBEROCR SN T IS L B B R RS o RS, Bl A 0 ) o 8 A i 7 0 R AR R P, AT 4R R P A
A BRI, Hao 55794l T 7K 43 2 & AP I ) X5 FTMR (520, 25 532 00 FTMR iy BUA & ik
ZE5t o A KA R I R AP A R AR A A R N NHL-N U B A B 2 T sk S Ak 3 [ 3
HE AT R B E I T 9 Rk 55 m FTMR & B & 50 AL S e 1T .
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Fig. 1 Mechanism by which dry matter or moisture content affects fermented total mixed ration (FTMR) fermentation quality
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Table 2 Effect of temperature on fermented total mixed ration (FTMR) fermentation quality

it [ WF5E LA EEPTN
Item Research results References
15, 30°C 5515 CHE AR LG, 30 “CF I ADRE A wT ¥ MR 2R (1 0T 3 00 0 o NHL-N B 25 T 32 R A o [0 199 208 g 334 [29]

Compared to silage stored at 15 °C, silage stored at 30 C exhibits higher soluble protein content. NH,-N increas-
es with rising temperature and extended storage duration.
10, 20, 30, 40 °C Bt 5 T TR 09 1, 25 A FRAE AR 1 HOME pH L 3 AR, TR B R R R 19 3 15 W B A's storage temper- [30]
ature increased, the pH of the diets in each treatment sample decreased significantly, while the levels of acetic ac-
id and propionic acid also increased significantly.
FEHAE KE AF FE KFNLFNFTMR KB R, HpH A4 7R . 203 60 d 09773, SRR I h A& 3 il [31]
Spring, summer, au- ¥, WK MG FT B BEF: B A% # % . FTMR fermentation quality was generally poor during spring, autumn, and
tumn, winter winter, with pH levels consistently above 4. 7. After 60 days of storage, harmful microorganisms such as Esche-
richia coli, yeast, and mold were still detected.
25, 29, 33, 37°C R ETRIE Sy 33 CHY F AR FTMR fof R (18 5 T A R BEIR . At a fermentation temperature of [32]

33 °C, the crude protein content in corn cob-type FTMR was higher than at other fermentation temperatures.

25~35 °CHEIE B FURR I A1 P FLER TR R ATV M2 BRI 2R
25-35 °C is the optimal temperature range for  [—>| Lactic acid bacteria utilize soluble sugars to
lactic acid bacteria proliferation produce lactic acid and acetic acid B R AL
Optimal preservation of nutrients
I E YR A pHRH (K
Inhibit the p of harmful micr i pH drops rapidly

Fermented total mixed

R AR BB K ration (FTMR)
Temperature B¢ Growth of aerobic microorganisms pH T EH PR A RIE BB fermentation delay
R pH decreases slowly Reduced acid production rate Slow ion initiation

and harmful bacteria

B T R
Changes in
fermentation quality

: 0 ) B 1 5 T ) 2 B A FURRE A B AR R
M S s
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B S 5| R R PR P A A R S |

Clostridium proliferation triggers protein degradation to produce biogenic amines
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Fig.2 Mechanism by which temperature affects fermented total mixed ration (FTMR) fermentation quality
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), LA A AR, T4 FTMR 09 8RR P . 38 3T B T JLIWF 52 25 AR T T 13 2k 9 (1) G A ) 2L
FETE A FCFLAE T ) 30k 2% B8 370 (81 4n 9 182 ) % FTMR 1) & B A =X A Sl e M i s o 7 4 SR 3 WO W) 4% Jon
FIXE FTMR % 8 i 5T 34 4 52 00, BRI 52 o LA R LA 58 A S i aoh R o 10 SC B 4l B Jo , % 1 A2
7R 30 2 O Ak 13 A ) A B R B T R, L rh PR TR Ry S A R DA RE W SN AT A R R S
58 iR T SR BRI BT . AE Kk 7K 1B A 9 (water soluble carbohydrate, WSC ) ¥ J& A
B TMR H 35 0O8E 1T 0 35 W AR R B0 40 pH R 2 i A T o 3 — B W3R At Atk D8 1900 b 72 02 08 L 1R TR 7 8 3 3 S v
o7 A5 O A, DT 2 LA AR 5K I 4 B AR A ) B A AR . LR TR B 1 PR G X AR R AR T
SR D VR AR TR WL T AR M o LI AU B T pH N R 4 A T R B[R] BEAR T T BT G  A H  41
Tl 25 100 20 A ok AR 0 NHL-N Oy A s 80 3545 o OOk, 78 0 W2 T i) () B8 Sk e ok A vl | ) LA T 3 ol R
B K 8 2 05 o3 75 A D 2L, FLELA W 3 0 7 IR Y . R R BRI AR B B % A AR R B M T 5 S B AR pH M R
P ARG AR F2 B b T B 7 W A A, 3 AR 1 A TR 5 A A R P A R R R LR L X 2 i
o Jer T 1) A ELA R AR R M R A IR LT B A O S R R I Y UL D R R IR SRS R T AT R LR
E— LA E LSR5 1, 2-TH B4 W) 0T o A8 20T MR TE & B0 B i B 7 I i 8 5 o 2212, HLHC SR BT AR5 3
23| 2 pH Y27 I PE T m s (H B A A e 1 15 2, LR AN W AR L AR &R 1y pH G 1T 2 3 T B L BT AR B SRR AN RE A
AN G S A W, LR B B A R TR R AR pH SRR, T B 2 4R T T FTMR 76 JF 25 5 i A Sk e
HOAE AL 3 A A 05 T A 0 T R T ) OC B O SR BE B LR L [m) I 7= A T B I v AR . R T
55 ZF AR TR 2 OB B AR W ISR S5 Sl R WK B R I ek R R D RE L R TR T T AR A v i AR
A, R IR AR LR T 8 T A R R, O WA Y A A K ) BT (4 45 B R 4 2E 3R M B R 55 ) T 7 L MR 1 3¢
B, I AFE 20 LR A T ) 46 I B O N PR S I B 2 A A T ) A R o Y L A R G (L T A R 0 i R
R SR K fire it 55 ), Xof AL ) A R AT A ) Ak B e A A AR R A Sy LR AT AR P ) T R B | 3X — 2ok AR SR
BT AT A G S T S R R T AR AR 0 AR SN B R RCR RIS A B . B, TS IR A R 4D £ 4k =
ity |2V 2F 2 R L E A I S SR S T L BB 05 A 5 I A ) A0 TR RE 1) 52 2 A AL X S SE b TMR AL Y 2
Y53 B AR T EE FRORE O FLRR TR SF R A ) PR AL T O R SR BT . TERB AR T AR W R Al R 3
TORBERCNL , B2 T 7 A e ng MR v, DN B 1 iRDR Y e BE RO o TR T A A A R AR T bk R A A 4
(neutral detergent fiber, NDF ) F1 2 4 & V& £F 4k (acid detergent fiber, ADF) F) &% &, 2035 T 18 B Y AR S8 38 1 51k o
I ol Ak 3 5 = A R R A R AR T R AR I W SR TE T FTMR AR 3 FR AR AN [ 2R A
FIR) T4 790 38 o o T SR A AL R L BRI T R e R TR R B SRR R . R L LR RN TR AE AT
HILTHR S 45 o0 50 38 5 9 755 P 58 2 ol 132 52 A0 BT D RE o X SR B LA AR B T A5 4 A I A W A M IR L A A P TR Y
b SR R AR B BRI N TR R M R BT B Ak, B R A0 N Y RS SRR 2 i IR il R
e IEH B AR IE A E TR B B R is | e AT | R AL T o AR R PLIRNS & 26 AR W 2 2 I i I A
FEPE, BEA FEMUEY A S WA XIS IR JCHE Tk & e R AR H WSC & 5 AR 0 2 1 s
A R s A 2 0 FU IR A T 1) S 4 o 8 7 2 — 0 I REZRAE T o B, 5 A W S o300 R el R 2 Al 2 LTS IR L &
AT B T PRI " 5 TR R . AL R AN — R R RO A R E PR R R R R R TR L
TR , HEARF 5 1k 2 375 g TA1 R T Bk VAT ) 200 B PSS 30 ok B R JHC A4 i P pHL RS A T & s i AR o AR FHBIL I 3
LR T (1% T b 52 el 5, DA 0 PR T i e R AN 52 B2 e (A% LT, A RSBy 5 F 00 R O R R R
SR . AN, 4EA: R ORI B R 4R 2E 3R 1E Jy O Y G A= 0 AR B0 7, 75 L B2 TR R BE TR Y RE AR S
A BTG G AR R R IR L OO TR U W R VR A e AR L R R T R AR A O SR IR B . T
P (G S Rk M bk ) 3 B2 01 2 T B R ORGP AL L e ad i v A 8 el B A S BEL I g o 4R A e X R, 2 T
B 1k FTMR H i A 10 FIE 7 R 5 i 5 e 4 A= 3R e T AR IR UG, 3 28 W o ) 32 2 T BE O I 143652 W B A4 ) kT ek
RS T AR AR B SR R o R P AN IS PR RRAE o S IR S M FTMR 19 it J5T 1) ML 4 181 3 7
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Table 3 Effects of additives on fermented total mixed ration (FTMR) fermentation quality
A WH5E R 27 SCiHk
Additives Research results References
A IRFLAT B S5 T 4R R Lactobacil- I 35 WG A I 0T, O 1 35 B 5 BT MR P 45 4 P KAV e KA 15 0 16 e figg 32 (] I A 2800 20 [36]
lus buchneri, complex cellulase WME TR BLAS &L E T FTMR (9 £ B2 & 2 FIA7 SR i B i A . Significantly
improves fermentation quality and markedly increases the degradation rate of structural water soluble
carbohydrate (WSC) in FTMR. Concurrently, it effectively reduces aflatoxin B1 content, enhances
acetic acid content and aerobic stability in FTMR, and inhibits mold growth.
i RFLITH L. buchneri BRI CCFLRF AT, AT LA 4R 7 855 i F TMR B9 47 R AUE P . The addition of L. buchnerisig-  [37]
nificantly enhances the aerobic stability of FTMR on the Qinghai-Xizang Plateau.
T FUAT B 4T 4k Z W Lactobacillus BB A Rk 35 HE & T T, B HOA S Ra E M. Tt can effectively improve fermentation quality and [38]
plantarum, cellulase enhance aerobic stability.
TP B L. plantarum, molas- 4445 HRE P S 41 70 1L 0 S 4 (6 LR 2% I I, AR LA 9 70 28035 FTMIR J& I8 J0 &k 7 1T (1) 2% L [39]
ses fIt T B4 . When sufficient substrates for lactic acid fermentation are provided in total mixed ration
(TMR), L. plantarum outperforms molasses in improving the fermentation quality of FTMR.
i ERFLFF I ALY FUATF B L. buchneri,  FEYIFLAT B AR AT 6E & B FTMR ()T #4612 . The application of L. plantarum may result [40]
L. plantarum in dry matter loss in FTMR.
47k 3 A i Vitamin A, enzyme KRS AR A SR, WA 1 BRI R 2 R X — B4, B 6] FTMR o [41]
VRTINE 3500 5 W] BE £ B IR S0 % J e A P (13X 2645 3R A58 . The fermentation process leads to
areduction in vitamin A content, and the addition of protease supplements further exacerbates this phe-
nomenon. Directly adding nutrients to FTMR may cause damage or loss of these nutrients during fer-
mentation.
HIPIFLRT B N IR TR+ FLIR I L. VIR FLIR & H P 0 — 2 I b 7 TMIR Tl LR 7™ i B o 1 SR M I A 8 3 [42]
plantarum , propanoic acid, propanoic ac- B {L# . When propionic acid is used in combination with lactic acid bacteria inoculants , it reduces
id+lactic acid bacteria lactic acid production in TMR, enhances the aerobic stability and improves in vitro nutrient digestibility.
B A LA IR W VR PUR S LI T AR — R 0 IR, o e A — T o ) AR o 4 A T MR sk ) A I G ARORR R M [43]
FHYIFLAT B + AR Molasses, L. plan-  AMEALZE 0% /N, When propionic acid is used in combination with lactic acid bacteria inocu-
tarum , propanoic acid, molasses+propa- lants, it has a minimal effect on the fermentation, aerobic stability, and iz vitro digestibility of TMR
noic acid, L. plantarum—+propanoic acid ~ feed prepared from Avena sativa— Vicia tetrasperma intercropping.
HiERFLFFTR L. buchneri A ECFLAT T R AT 02 7 O o ) S 8 B (Solanum tuberosum) K1 W RL, & BEPE AR [44]
FEME GEE AR AR RIMGE . L. buchneri effectively produces higher-quality potato
hash silage feed, with improvements in fermentability, aerobic stability, lamb growth performance,
and digestibility.
W FLFF B AT RFLFF IR Lactobacillus  TCR RS B FLRR A, FTMR X 0] (45 5 RE M. KR E 5 5 Rh it (00 R B 400 S35 I kLI [45]
casei, L. buchneri A A& B FLIR & B 5545 P 656 . FTMR maintains remarkable stability regardless of whether lactic
acid bacteria are inoculated. This characteristic is independent of the yeast count at ensiling and the si-
lage’s alcohol fermentation or lactic acid fermentation properties.
HMIRAF 4 % i Exogenous cellulose AN IRET 2t 22 22 I FTMR v 27 4k 2490 4 A 52 71 DLIR B AR SRR 1 B 2 4k 25 49 T 1Y [46]
it % 400 2 R P T N R P A 1 B ), el B B K o Adding exogenous cellulase accel-
erates the degradation of fibrous materials in FTMR, enhances organic acid accumulation and the enzy-
matic activity of endogenous fibrous substances, inhibits carboxypeptidase and acid protease activity,
and reduces protein loss.
AT RFLFT B ULTREN L. buchneri, so- XL FREA5 A [QFLAT B A BN M) 7 FTIVIR MU MY v 7 T R e B o 1) 960, A 4R T T [47]

dium diacetate

HAERM TRt . AT AR FRFLAT I, XL R B0 2 o Bt A A T SE O W e, s 1
KW AL . The addition of sodium diacetate and L. buchneri significantly inhibited the prolifera-
tion of mold and yeast in FTMR brewers’ grains, effectively enhancing its stability under aerobic con-
ditions. Compared to L. buchneri, sodium diacetate exhibited a more pronounced inhibitory effect on

microorganisms, thereby improving the quality of fermented feed.
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23 Continued Table
37 NI 3 or
Il WH5E R 27 3k
Additives Research results References
. - 2 T4 S e - 3 Sz N N =y >
Hili B2 FLRT U FLRR BRI AE 2R AT I . SIS 5 A5 AR B A A A T SE A TMR I A7 I ], 359 58 TMIR A 4808 E | TR) I Il 20 308 53 48 7 0l [48]
% RE T Bacillus subtilis, lactic acid bacte- 4197k . Adding composite probiotic fermentation helps extend TMR storage time, enhance the
ria, Bacillus cereus, yeast aerobic stability of TMR, and reduce the loss of certain nutrients.
N < - . R T = =N NS 7 W5
L2 4 Sodium diacetate BRI NS NH,-N 5 B M 8 5 % S LR TR, Hoh s in 0. 290 2 @ ah i pH [49]
PR BN ERAR , R I A A RLER (5T 5 PR DR I AR 4 & 5 %505 . The addition of sodium diacetate sig-
nificantly reduced the ratio of NH.-N to total nitrogen and mycotoxin content. The pH level reached
its lowest value in the group supplemented with 0. 2% sodium diacetate , which also exhibited higher
crude protein and neutral detergent fiber content.
i RN AR M LR MRARAR, YokFlGpH
P““;':;n‘;l“:‘:;;‘s‘f’b‘: :r:::‘“d Accelerate lactic acid fermentation, rapidly decrease pH
RN, WA T
Isomeric fermentation, high-efficiency Pk s R, SUEREIRS
{actic aci prodidton Rapidly initiate fermentation to establish an acidic environment
pyre SRR, HRBILNLH, 1200 T
into acetic acid and 1.2-propylene glycol gnificantly enhance acrobic stabilty
KL ———
Fermentation promoter FERRAHIRE S, FE TR RERE SR, (RHEREE, B
Enzyme preparation Degirﬂgc::cmm"ﬂl volwsz;::'dcs Tncrease substrate, promote fermentation and enhance digestibility
o
wOR TR, S RERE RET TOERRPRT), BEiWRRR
Yeast Aerobic enzyme production provides growth factors for Promote fermentation initiation and stabilize the early
lactic acid bacteria
— TR, BRI, SN — e
CRicul Secreting extracellular m’/ymas, pre—dtgeal substrates and LR R, AR E R
Bacillus i ciivety bl Uaciail prouth Enhance substrate availability and improve feed nutritional value
y R T
P T, TS SRR BV TR TR AT R IE AT Changes in
o b S . directly participating in the metabol f Ensuring optimal metabolic activity of fermenting 2 .
Yo ki s oo, ditly pripaing n b el procses bt T fernigatation quality
i
Formic acid
R VESpH, JFEAFISARS) T RESF AN Y B HBBSATEN B, BTN
Fermentation inhibitor Lowering pH, undissociated acid molecules Directly inhibit or kill harmful
disrupt the cell interior ‘microorganisms while preserving nutrients

A e e MY BRI

Aerobic stability enhancer

A il

Sodium diacetate

GRLR, FENE
Sustained-release acetic acid,
penetrating antibacterial

Inhibits mold

GG ENEELE, PEBEA KRR

and yeast, prevents spoilage and secondary fermentation

FrAH R

Nutrient protector

LA
Antioxidant

BRI, DREPE 73

Block oxidation, protect nutrients

>l Prevent feed o

Vﬂ! ok H?W(.Eﬂ‘ﬂ( RAFEFE
ncidity, preserve n

utrients |

B3 HFmmAlgmEEERESHREBERRHIE

Fig.3 Mechanism by which additive affects fermented total mixed ration (FTMR) fermentation quality
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HHLIR . 5 IR I A 5 R 1S A B P R AL ) LR T R 22 K B R S i NH-N
SEpEa . Uk B pH Ik B R AK B B WSC i #ER 5 . FTMR % 45 ¥ T A2 e F B Br . i F WSC ik,
FLIR A V% B AR S TR BE . BN E A S RGEAE R IR A& T 2 F RS . REE AR
J2 ;5 1 A 7K et TR AT 7E AR, 28 135 5 S R AT, 8 NHL-N ¥ B B I ] 9 7% 2 PR 48 | TH a3, 3 Fb s i A B T
BT 2R 11 B & B AR R O I . AR AR B AR R HE R R BT R R, FTMR fil % (0 137 0 5 B R ik 3k
B HEEA, i FTMRZE 5 F AT AR BE WY B, I A7 K 5 A U8R 1 2 415 i [] 22 B 0 35 A G
Moo BEE T A UG T AR R R e T AR oK L A M LR AT AACH, AL M R, i 51 & pH
1o Xl pH Y AR T R I pH VR 8 X B TR A S 43 g S TR 1 A0 1 A0 AR ok 4 el A DR R g B T R R T
it 8RR K Ak B 4 B o f A R s T R LA COL R HLO I 2 B 3 26 o FE ik A P, B0EE 1 A 20 1
AN ESAFEREO T A, Z A R R R RO, S ECRER B LT kg R w AR . AR AR
AR = RS RO, SR R R SO RS M Y L BRI, P FTMR & 5 A9 48 1 5f 28 5 T i 1) %% 1) A
S AEIREUR BE WY B, & o AR = 0 0 T8 B 5 2 T R T A 2 k4 A A S B, DU i e 1 A SRR
PRI OR A7 0T B, B 2 ] DR, PO ] R 2 Al £ S B0 3R 40 R AR AR A, 35 LA YR ] T A AR T R
Al SO e HOE SR (A o TN ) 520 FTMIR & 1 5 (9 AL A DL ) 4
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Table 4 Effect of storage duration on fermented total mixed ration (FTMR) fermentation quality

TS e ] WF9E R BN
Storage time (d) Research results References
15, 60 Wi A R TR I T 99 B, P R A 27 20 L) T pH I 25 T W T o 0 R 2 T 1 B W] e . ek L G it 60 d R R [40]

B9 FTMR HAT 5058 1 A7 Sl e P, A AT S A% 10 T 8 8 301 ) 1) 4 Jo 45 2 o A 7 IR . A's fermentation time in-
creased, neutral detergent fiber (NDF) and pH decreased significantly, while yeast and mold counts also declined mark-
edly. Furthermore, FTMR fermented for 60 days exhibited enhanced aerobic stability, with correspondingly reduced
dry matter loss during exposure under aerobic conditions.
0,3,7,15,30 St BEEBAIT dM TMR I T RAFIG KBS, R AR & A SR E M. After 7 days of ensiled fermenta- [58]
tion, the TMR demonstrated excellent fermentation quality and high aerobic stability.
0,3,7,15,30 FTMRTER R b, B S B I ] f SE 4G, T4 57 HLEE 1R NDF B9 15 i 3275 3] 742 71, e 3= K 19 15 0 [59]
30 d 1Y FTMR H 4% 3008 5% A 43 1 8 15 R A 5 4R 4 5 . During fermentation, the rumen degradability of dry matter,
crude protein, and NDF in FTMR increased with extended fermentation duration. Notably, FTMR fermented for 15

and 30 days exhibited higher rumen degradability rates for all nutritional components.

45 TMR 238 S b 35 , A B 2 482 3 TMR A SR 00 e BESE FTMR IO ] A9 5 1, JEAE (SR 4 o fe s Ay [60]
SERRETE DT I E LT TMR A, 285 45 d A BEIHUR  FTMR 188 357 0043 AL B 5 B0 TR, s i R
fEAFELR o After fermentation treatment, TMR exhibits significantly enhanced nutritional value. As the storage dura-
tion of FTMR increases, it demonstrates markedly superior in vitro dry matter digestibility and aerobic stability com-
pared to the TMR group. Following 45 days of wrapped storage, the nutritional composition and fermentation quality

of FTMR stabilize, indicating excellent storage efficacy.

0,7,14,21, Wt 25 IR ] P SE 4, F TMIR 9 NFL-N S BB BT ke O f 35 d WA A/ BAMAA B4 257, Asstor [61]
28, 35 age time increases, the proportion of NH4-N in total nitrogen within FTMR shows an upward trend. Significant differ-

ences exist between the ammonia nitrogen/total nitrogen at fermentation day 0 and 35.

2.5 HBARR#HFTMR G a

FEASVR NG A 9 R0 A AT B2 T, 75 W00 e 9 T8 it IO AR 75 I ISR 14 k2 4 43 3 THT B 5 1) 2L 1R T 4K
RN LL R A R AEXE FTMR U 2 WU 5% v, & XS [ 4 A R ™ it s esE B B R X TMIR
P18 2K T it S JUT 77 A 5 T 5 AL T o 6 3 I 22 TRE B A TR RE 1 1 s 5t 25 5 e ke vl DA el 38 AR A7 i L 0 T
535 0 B TR G T L e R R i i /I K AR A R R TR O DR, P R R ) A T L IR A 1 1)
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Fig.4 Mechanism by which storage duration affects fermented total mixed ration (FTMR) fermentation quality
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B FTMR A 32 2AE AR T 32 TH 27 48 (4 08 A A0, =l X 2F 4 AR S BEAT KR BE 9 20 % o HOBUSURSE 1 FTMR
T i SR AL AR DL IR 5

x5 HREMNXBLESHRRXEBERROZMN

Table 5 Effect of dietary ingredients on fermented total mixed ration (FTMR) fermentation quality

FURREORE WEFE IR 2% 3CiHk
Dietary ingredients Research results References
FHEK B EKSilage  HHEPFERMIL, &AL EKRNFTMR A ILRR (FLIR AN Z ) 10 & BT, 7ERFES6 dJ , Pifh [71]
corn, whole-plant corn TP Ak f T S R T R B R AR L L (H S 2k BRI FTMR (A ERe s T EK . Com-

pared to corn silage, FTMR containing whole-plant corn exhibited lower levels of organic acids (lactic acid
and acetic acid). After 56 days of fermentation, both silage feeds showed similar soluble sugar content and

yeast counts, but FTMR demonstrated higher aerobic stability than corn silage.

TP WA Silage distiller’s FHI WA FTMR 0945 K Ve ML & 4 R, 0 FLIR A0 2R i e B A AR . I fF 40 d R, (7]
grains FTMR 7= Az bt A M i 75 00 RS 10 K36 43 mT i M A K e AT LR s © 2 #E . M P T-

MR ) % B T HICE 3%, A E R e M s T A . The FTMR of silage distillers grains exhibits low
volatile organic compound content and does not adversely affect the formation of lactic acid and acetic acid.
After 40 days of storage, FTMR produced a large amount of soluble sugars, whereas most soluble sugars
in silage distiller grains were consumed within the first few days of fermentation. Furthermore, FTMR ex-

hibited lower yeast counts and higher aerobic stability compared to silage distillers grains.

BEF (Prunus persica) it 2R A HR T A B MK AL S8 & i (23 T FTMR ZLER A8 O35 T 07 i K R 90 & S [72]
Peach pomace B BB ERTFT FTMR & B T . Increasing the water soluble carbohydrate (WSC) content in
TMR and promotes lactic acid accumulation in FTMR. This preserves the fresh aroma of the fruit while

significantly enhancing the fermentation quality of the FTMR.

TR UG R Liquid beer $2 75 FTMR ff A 2R 1 JF PRI ET 4 & 1 (B DX A B & B ™= A2 T S % . Increasing crude pro- [73]

yeast tein content and reducing fiber content in FTMR, negatively impacted fermentation quality.
¥F i 17 Bush vetch Lk B KB o SRR OL T FTMR A SLRR & B A T AR . A, 5 e B TMIR B0 H R AR [74]

YITERE S FTMR R Z [AF %A B % A9 CHk . When whole corn plants were replaced with wild
peas, the lactic acid content in the FTMR decreased. Furthermore, the study found no strong correlation

between the microbial communities in the TMR components and those in the FTMR.

SIREGHMR EMAREH  HHE TMR &4 A E A ZLA2 Bk, TMR b I 8050 169 A1 B RE IS 4 O FTMR (09 & W 2o f 1 o4 = [75]
W TMR, FTMR 3, Different lactic acid bacteria strains were present in the TMR before and after ensiling. The

bacterial community composition of the ensiled component in the TMR did not significantly affect the fer-

mentation process of the FTMR.
ThER B PORE I DF LB Th A% S PORE D 2 e R T A% R A Ak w7 9 R 1008 FTMR A5 WL T AL R 3w TR R [76]
I 45K B Potato waste, b A R B FTMR . The digestibility of FTMR organic matter prepared from food by-products
soy sauce cake, tofu residue,  such as potato waste, soy sauce cake, tofu residue, and noodle waste was significantly higher than that of

noodle waste FTMR made from commercial concentrate feed.

3 FTMRZERSZYHIA AHR

3.1 FTMR B & 3h 4 4k b il 4o & 69 % v

FTMR i 2 i s 0, A R RO TE R & R B R 8O 2 5 B8 0 BR 1 QU R B i B 2 4, 3T Al
FTMR B AL R AR 2 OCH 2. @ FTMR B T8 8 WP £ 47 — Bt (8] 449 IR S8 5%, T DUR 8 7 85 97 1 B v
7 A B AR L K 2% 1538 7 0 S5 4 s /0 R BE X ALt TR SR SO A S W0 B R I A R AT T . X — B
FLd RN IR AR FTMR B9 AL PEREAR L T Bl . 3R 69060 T FTMR Xt 2 % 3l W 4 0 31 A 5 52 i 14 o 72
g AR RN TR B FTMR X R 2 8 W) RS AL A S A [ o B s ma HL A R L
o A8 Kl A, 22 B A AL v R I R T ) B LA 7 55 o T e o ) 3 [R) P X0 A 0 40 g =



222 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 9

FWSC: (Rt A PR Y, pHIRERE(C, REEGIAMR R
High WSC: promotes rapid lactic acid fer
KistEK LG & & LB AR R B, ol I rapidly lowers pH., and excellent fermentation quality
Water soluble carbohydrate || Provide fermentation substates for =] | - AIEEM D rH o
(WSC) content lactic acid bacteria Actic:acic procuction, pHl cecrease fEWSC: RBEEENG, PEAR, pHFMER, AEMENSEm
Low WSC: slow initiation, acid
gradual pH decline, and susceptibility to harmful microbial proliferation

K (<30%): FITHRETES), FECT BRI AR5 E

T Too low (<30%): promotes Clostridium activity, leading to butyric acid
PR A R e
Dry matter content |~ v A R & (30%~50%): FOSTLMEAK, RFALMKREE
. A‘ﬁ’ﬁ‘;ﬁ? 3 el nﬁc K}Tﬁ]m Optimal (30%-50%): ideal for lactic acid bacteria (LAB) growth and high-quality lactic acid fermentation

TR E (>50%): MELUESE, WMAAE, SBUFRURIK. P
Compaction Excessively high (>30%): difficult to compact, with excessive residual oxygen,

leading to aerobic spoilage and heat generation

AR5 R WH FUURES, IFRBCEE K, SBORBAIL K
« . . = = R Over-crushi dual . prol bic microbial
Dictary ingredients FEORHRLE 55 2 il A FRIES: 1A AR HE RO O 5 3R i leaing o Beaba oy ot o
Particle si d densi “‘f' cal Total mixed ration (TMR) [—| The formation rate and &
article size and density of mw materials compaction of anaerobic cond in cellars
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SRYE A G PRV AT 4E SR P A A S AN 5 WOTLRR T LR, B R 4 MRS S A FROEE: B EMEWSC, REHE L E
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Fig. 5 Mechanism by which dietary ingredients affects fermented total mixed ration (FTMR) fermentation quality
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Table 6 Effect of fermented total mixed ration (FTMR) on ir vitro digestibility in ruminants
JOR WFIE R 2% 3k
Dietary ingredients Research results References
SlRA IR RME2R G HR FTMR &Y BN LR BV & T TMR, 5 RHH BE ™ A RIXBAR . FTMR A BARAY pH A [82]
TMR, FTMR B A 2898 B P LR 1) DY TR 1 A, DT 40 988 B A R e 97 A . FTMIR significantly outperforms
TMR in dry matter digestibility while exhibiting relatively lower methane production. The relatively lower
pH of FTMR promotes the conversion of lactic acid to propionic acid within the rumen, thereby suppressing
methane production.
Ak E KRB FTMR Whole-plant R UL WEL B, AW 55 TR A o3 B 20 S0 oM RE o IR 7 1T B 43 11 B FTMIR 9 Ak 5 [14]
maize-type FTMR K% . During anaerobic fermentation, the components readily utilized by microorganisms have been ful-
ly consumed. Storage may result in a tendency toward reduced FTMR digestibility.
R HB CREE RS R A ARRNEL T, B0A 45 ZFF TMR P 8 S0 i 53, 00T 4 BUH A 3R il T R [20]
TMR,FTMR MEZ T, B R — U BN FTMRTE T4 B0 A 305 i 5 78O A IRES . Under aero-
bic exposure, significant nutrient losses occur in unfermented TMR, accompanied by a rapid decline in dry
matter digestibility. In contrast, FTMR that has undergone primary fermentation maintains relatively stable
dry matter digestibility.
ARG R B G A M NS TMRZ 5 WAL PR , 7T 52 B IR 0 (B TR R ST IR RE A% b 35 41 T 0 i S 0 e e fin ¢ [43]
wYE(Astragalus sinicus) B R ZIB kR KB FTMR M4SN LA FI{A SR S it . After fermentation treatment, TMR exhibits
KM FTMR TMR, wild pea a significant increase in nutritional value. Propionic acid and L. plantarum can markedly enhance the in vitro
type, oat plus red clover type, digestibility or gas production of field pea-type, oat-and-red clover-type, and whole-plant corn-type FTMR.
whole-plant corn type FTMR
KR A HHFTMR Wi ST AH DD FURT R [RFLAF IR X FTMR B9 AL S 80K g & U AR AT 22400 . Molasses, eth-  [8,40,
anol, L. plantarum, and L. buchneri failed to demonstrate any enhancing effect on the digestive parameters 83]
of FTMR.
AR FORE R AR A FIORE AUMINE R K A L BT B £ B RN AR A 1, T2 B TMR RIS M. FTMR (19
TMR,FTMR B 2EL FRC 43 6 S S 0 700 1) S 07 v e AE A 22 57, AT BUH AL 1R TA . The hydrolysis of cell walls
and changes in fiber content and digestibility during ensiling are primarily influenced by the structural composi-
tion of TMR ingredients. The response of FTMR components to such additives may vary, leading to differ-
ences in digestibility.
LRI INETE KA (Hordewn  FTMR 35 4 50w G i a2 it Ok vis A0 K22 2 i, 23 il 2 S B0RLEE 11 P i AL i Wi i fb % [84—86]

vulgare) 757 FTMR Green tea
residue, coffee grounds, barley tea

residue type FTMR

IR, R AR Y SRR AE 1526 I, FTMR 9 14 5278 AL 3RS RE T AL % 22 [ 35 3 5 . When
FTMR contains higher proportions of green tea residue, coffee grounds, and barley tea residue, it leads to re-
duced digestibility of crude protein, fiber, and crude fat, respectively. When the barley tea residue content is

controlled at 15% , the dry matter digestibility and total energy digestibility of FTMR significantly improve.

IR LB S b

TR SR P AR AN L —
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peptides/amino acids

PREERIARCE, ROt
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Fig. 6 Mechanism by which fermented total mixed ration (FTMR) affects in vitro digestibility in ruminants
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Table 7 Effects of fermented total mixed ration (FTMR) on production performance of ruminants

EIE7) BF 58 R 2% 3k
Animal Research results References
AR IR A AR RS S R R AR S R ORI AR A HORAT L, B AR B A AR BB T B A [91]
AL BE A S G RVRDR O AR . K IR AR A HORRON T AR 1 pH B 7 AR SRR LA R A I P AR 9 AR K

Holstein—Zebu  fE. TMR containing silage exhibited lower total digestibility compared to TMR or FTMR containing fresh Napier grass. Dry
crossbred cows  matter intake, average daily gain, and feed efficiency were similar across treatments. FTMR did not adversely affect rumen
pH in beef cattle and can be effectively utilized to maintain growth performance during the finishing phase.
L EES i FH PR R BRI AR R T ) BE ] B4 HORSTE Sh Wk e (T W BB A | 3 T I (A8 o P A DR 05 O Tl e A [92]
Fattening cattle 225, & K3 (Glycine max) () FTMR #£5# T H} 5 . Diets formulated with urea or soybean meal ( fermented and unfer-
mented) showed no differences in animal performance (dry matter intake, daily gain, carcass weight gain, feed intake, and

feed efficiency). The soybean-containing FTMR increased daily gain.

RES FTMR 458 T ARG CPE A7 208 P 00 B RO BT L 48 55 TR = 1 T AL e Eh g A 4B K PERE . FTMR enhances feed palat- [61]
Mutton sheep ability, improves the rumen environment in meat sheep, and boosts their digestive absorption capacity and growth performance.

RS LR S OB | THT 2% MERL A SIS RS AT AR T A A 1 T SR VR I 2T 4 1 AR . Potato waste, noo- [93]
Beef cattle dle waste, and tofu residue food by-products can effectively enhance the digestibility of dry matter and NDF in beef cattle.

EEENGES PR A B A 1] R £ 18 S SR (Madus pumila) W5 ) FTMR, (H R T3R8 i & —E 1 S0 X 2 S BRI R [94—95]
Beef cattle, A FTMR B 2 M LR A T FFEAIK . Beef cattle showed a preference for consuming FTMR with higher apple pomace con-

wether tent. However, due to the presence of ethanol in apple pomace, the nutritional digestibility of FTMR supplemented with apple

pomace was reduced.

LIRS T BRI AK 23 R 7R 23 FTMR B 9525 14 B8 A &t o Tl i e 7K 23 FTMR B9 9325 . 7K 73 FTMR B FLAR & f iy, i [9]
Cows HCTH 177 W 04 2 5, 5 S0 Ak L i) 64 O U5 8 1E 4077 e AR, 1 11 F T VIR 2 ) Al WA B (1) RGP BR AR5 %8 0 Cows fed

low-moisture and medium-moisture FTMR exhibited higher dry matter intake than those fed high-moisture FTMR. The high-
er milk fat content in high-moisture FTMR offset differences in milk yield, resulting in similar fat-corrected milk production

across treatments. Using FTMR provides a viable alternative for simplifying feeding management.

LUEE PR 2R A #1 A R R TR BC I 19 FTMIR T IR PR 22 AL 1A% T 0K 75 I8 5 30 SR RHE & BC IR 9 TMR X W3 4= A= 7= R AT [96]
Cows # 5t There was no difference in dairy cow production performance between FTMR formulated with whole corn treated with

urea and TMR formulated with corn silage treated with the same urea mixed with moistened concentrate feed.

Wy T FTMR W34 9 5 500 Ak R B8, T4 B A 02D 1 7= 0 5 VAT 25 55, 4% AL B 22 1) (9 FL I 5 2 Fbr o 0% i [97]
Cows WA 225 I RECR B . Cows fed FTMR exhibited increased total dry matter digestibility and reduced dry matter intake ,

with no difference in milk yield. There were no differences in milk fat content or standardized milk yield among treatments.

Cows fed FTMR demonstrated higher feed efficiency.

LAEE Tl FTMIR 554 ] A4 80 fif Sk (35 DR FDRS ) 19 TMR BH5 28 09 2 = PE AR AR AL, (R FTMR 9 95 28980 1 rh % [98]
Cows T i U TR A 9 B O R, FTMIR (498 S B M 4. Cowss fed FTMR and TMR made from identical fresh ingredients (si-

lage and concentrate) exhibited similar production performance, but those fed FTMR had higher rumen volatile fatty acid

(VFA) concentrations and greater rumen degradability.

LUIES TRIIE FTMIR A8 4 25 488 o W5 L 2 T TR BE 7= W Bk 4 06 Al L7 AT 4 50 NDF SR AL, 35 AR v 1 [99]
Milch goat i, Feeding FTMR significantly increased dry matter intake , milk yield, 4% standard milk yield, and the apparent digest-

ibility of dry matter and NDF in dairy goats, while significantly reducing serum levels.
LUK o FHRE A AR T K FTMIR #8957 8 AR 03 2 (3 PR BB G , X 0% 24 14 SR 0 077 0% e 80 77 A T S F) AN RS [100—
Cows Replacing corn with brown rice in FTMR diets effectively reduces urinary nitrogen loss in dairy cows without significantly ad- 101]

versely affecting feed intake or milk production.

KA FTMR 55 TR 45 9 55 i A 235 45 R A7 1) MR B 4% b 35 48 i /K AR 9 T B4 Ak, Feeding FTMR in combination with brew - [102]
Buffalo er’s grain residue significantly increases dry matter intake in buffalo.

JWE TR AN BRAR AT LG PR S FTMR 255, LUAE e 4k 8 s T R & W 2 i HEAT PR AT, 31X — 15 T LA &L
& DPER R RE S . A FTMR Y & B B A OO B T 82 TH 58 & R B o, [a) I 7 — 5 e b g 2>
TR E SR E AR . R TILE T FTMR X S22 3l 49 A6 7 P R 52 Wi i B 52 45 1 &R B F TMR X AR [7)
AT AR PR H S E ERRCR R s D S A PR RE R R N [ . R WAL A LR
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Fig.7 Mechanisms by which fermented total mixed ration (FTMR) affects production performance of ruminants
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AROEE G T IERETER B IR . KB P25 S OB Z A R 4 A, W R T A5 MR 1, S B T A AT R
o FTMRE i 4 558 B P80 097 85 5 82025, B 1k 5 & DA 1o 9% 1 0% 0 ok J32 4 A\ By 2 e kK A 45 9 CAn G )
) o HALE e T F8 € R pH ELIF 0 A T Gl W B 3 B8, AT 2 25 ARG 1 I e PR 28 1R v 2 AT AL 1 R A B
AR R, A W I AR A AR i 8 B BT A SO R A A A BE A B R 2 AR R R AT R IR R
PR XA A RS B B SE E T NDF 5 ADF 75 I 24 sl W B b i AL PR 1 B AR IR RE 1 R A, R T
R BRI K AL A W A5 LLRE B, 32 10 00 8 kM R 2 (volatile fatty acid , VFA) 194 BUE BT 8 B B0k, R e
o BA AP B S A BT RE 8 0 AR B N R KR B AR T TR B A /N B AL B IR R X
ol 5 ML A AS (S A 4 TR 15 R AR 2 1 5 IR B A 1 0 S S P A L IR S T I A . RS L FTMR o
FLIR TR 55 40 B 3R 2 3 Pk 0 o A s W T v R B S A A R B A S R R AT R D T R A
TGO HE 0y 10 2 R A, G 2 I T M S U S ARE I R AR XU X AR B T A R AR AR T S R S I I
I 7K 3 (A5 DA T A5 S N7 ) B R T R 2 BE R AT LA PR B, ok 4 Bt R mT i TR 20 i, T e i AR B R AR
Yr& LA B LA H U AR KR F . b, FTMR A eS8 i 52 TH DR 8 1 P a0 A e ol 72 b i 35 R 06 42
o IR 20 R AR S R A AT RO I A sh W i T AR N D RE S AR R PERE . FTMR B2 0 Ji 2 3h ) A4 7= PR e i AL
il WL 7
3.3 FTMRM KR &304 B A B 69 %
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Table 8 Effects of fermented total mixed ration (FTMR) on rumen fermentation in ruminants

W) TR EE BTN
Animal Research results References
4 2E Ovis aries FTMR (¥ RJ 3 £ A8 5 AT 3 A6 2R 11 3 S 8, DT A 17 3% 20 HE i 5 ) MR F T MIR 345 R IRl /0 400 298 B V1 J6c 14 [108]

RO BE R T IR AR 5 40 FTMIR 40 5 1980 18 S R HERR IR VR 5 (MRS 2 F 4 h) s . FTMR
exhibits higher digestible energy and digestible protein content, thereby reducing fecal nitrogen excretion. Feeding FTMR
also decreases ruminal methane emissions and energy losses in sheep while increasing urinary nitrogen excretion. Sheep

fed FTMR showed higher ruminal total volatile fatty acids (TVFA) concentrations (at 2 and 4 hours post-feeding).

B Ewe 220 FURR R K TR IRAL PEAY FTMR Bl R 25 BE R 5 AR E R B TR DR B R A 2 M8t 1,395 [109]
RIFIATATEINFIA FTMR %A 83525 5% . After feeding FTMR treated with lactic acid bacteria fermentation liquid
to ewes, no significant differences were observed in multiple indicators-including nutrient intake, digestibility, rumen fer-

mentation, and nitrogen balance-compared to FTMR without any additives.

Wy Cows AT FE A1 B 3 2R A FTMR X W32 7R )5 0,24 h i B 38 pHAE LA B TVEA KPR ERBE M, & [95]
2 R LR 1 5 45k 5 30 SR U 1 VAR N B 0] TE R O i A TR 194 % kD) 3 B0 1 R B g 4, I 2 S R i LU B g 38, LA
X} f i Wi B A o Different proportions of apple pomace used to prepare FTMR did not significantly affect the gastroin-
testinal pH or TVFA levels in dairy cows at 0, 2, and 4 hours post-ingestion. Acetic acid and valeric acid content
showed a positive correlation with apple pomace inclusion rate, whereas propionic acid content exhibited an opposite
trend, decreasing gradually with increasing apple pomace proportion.

P44 Beef cattle FTMR 41 F AT Wi B2 L K £ 1 /TR B i i85, i TVE AL 2 B NH-N &7 4 U 2 B AR S i #4% The [110]
FTMR group exhibited generally higher concentrations of propionic acid and butyric acid, as well as a higher acetic acid

to propionic ratio, while TVFA, acetate, and NH,;-N content showed the opposite trend.

I4 - Meat sheep FTMR M A 2EJ5 98 E pH B # P4 (K. Following FTMR feeding in meat sheep, rumen pH decreased significantly. [61]
W54 Cows FTMR #2657 A TP A3, 0 7 T B A R4 e 1 Wi . i FTMR (1 3258 1 vh 45 1k [111]

07 R A B i o R R IR SR fH FTMR 3 808 1 NHL-N ik B b g, IR AUt R k. FT-
MR improved starch and dry matter digestibility , increased dry matter intake,, and boosted milk production. VFA con-
centrations in the rumen of cows fed FTMR were slightly higher. Despite higher rumen fermentation capacity, FTMR

also resulted in elevated rumen NH,-N concentrations and increased urinary nitrogen excretion.

gk —REALS: FTMRBHLE AR S YRR 5 . The crude protein in FTMR exhibits a higher degradation rate in the ru- [112]
2854 Charolais— men.
Thai crosshred bull

TORFERG PG 0B IR, L R B R B R A sh R SR B RARLO R FTMR T & A
fi T A 0 R A% (R B K A5 W 1 43 i 55 ARG, 6 TR A5 15 M h VEA BV BE 3 . X — B 1k 3 B R
(4 pH (B B A, R X0 B 09 R BERE A T 20 . R 8ILE T FTMR X [ 4 3 W) 98 8 & B 5 i 14 BF 52 45
S R BLFTMR X 4 s 998 H pH ONH,-N R VEA 34 8255200 . JR R 22mALE A LT LA &
S5, 75 FTMR AR 2 N, DR 8 9 20 A 02 (08 2L 19 T 10 558 Bl 2 ) 4% LA D 6E  TR] ek 52 5 vl B TS o 9 g 2 0 I
R B A7 2010 W A ) 400 0 BE vh 2 BB AL Gy (B R MR AR AT 4R ) HOR T R M A B 45 50 X — A Ak B Bl 4
[ BE 2H ZUAE R T g b, R R R BRI . TEUCEREE R R P T 4 R i R W S Y T AR AT Y S T E
BH, DT R 412 755 v M T U2 A R R P o A T A 1 A SO R R i R A SR AL B EEHE S T VEA (N2
e TR A ) B A G, R E E S PR T O S B RE R R4 o R FTMIR fie il A 4y 0 P 28 A VR 0 o e, 2
NG R R S R TR, 3 S i 7 A Sy T2 AR OR B UE R T MCP B AE A R A IR BT
W BEA R I N O O o e K A R R, TR S R R 2 o 2 A R A O A LR (R
FTMR Fr & 0 £ 4E 20 70 I AL A SR A5 2 0] 2 0t o PRk, AR T RT3, FTMIR 76 21 2 )i 43 75 T4 2l ) nH g}
T 2 Ty RE Y 52 THVE FAR S A7 BIR , 9K 17 FE 249 Jo 4 P S 35 0 o) 17 B PR B B G A7 200l 0 TR B B3 A o 1Y
00 o AR 2 Uk 22 e K A AR B P R R R IR T VEA MR RGP T A FTMR BT & A
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M4 TR AL T B A, B SR A G AR M R K R Gl 5 2R 2 T AR ORI s A DA O 7
AE AT AR S v, o A W R S R Y T U B R DL R AR S A O WA ) BT, S0 P R 7 R N 4R T, T
2 FF B % P BE D R (total volatile fatty acids, TVFA) B3 K, Il £ R /T4 R 15 2 5 AL /K70 33 Fl A BEA%00,
AR 5 T AR B AR TUKCRE 0 1 5T P R A A RS B b i R IR DA X LA 4 R e AR R AR T R AR
TEAER . FTMR S0 f 2 3h 96 B R BERY HLE WL 8.
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Fig. 8 Mechanism by which fermented total mixed ration (FTMR) affects rumen fermentation in ruminants
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WAl , 3 88 HAT A Wi P Y v ) 7 ) 3 A R T AL LT AR A B TR RN i D R K S b T, T AR R 0 R L
{51 0] £ BT R A, T A A I TR 2L S P 0 P AR T PR A 0 SR AR . LUK, FTMIR il i A 1 £ 4 I A 2k
RLREAVCTCEE W5 1 HLA 0 R B AR RS E 1k o a — 3k AR O IR 5T A0 ML o R A AR R A T A AR
A CF 65 G 85 A VEA) 2 08 LN i 5 (intramuscular fat, IMF ) & 5 75 2 & BRHE T 0 350 Fi AR 3450 AN AL
fie 2t T WL b R B A RS0 A 1, TR I 3l 35 803 1 PR A o 9 5 Rk 5 KU R . 0, FTMIR (1 A AT B
Tk Sh W AL R G RE , M T AT 8% 5 Mgk FG A= BENLORONE o S UL S O R D A LSS R B B SR
R B D28 T SRR AR AR e AL S FLIRR L R pH (B S SR PR BRI, R AL I A R T A A B A 3
KRR IRORE W BT o 50T, AR Shy R XA S 5 1 79 28 A 3 4tk 2 ) TVEE X PR il it DXL A A0E 7™ 2 T B2 4 4
1o A1) 4 I e PR & o AN A6 R B D BE , FTMR 35 0l 1 ML A9 S AR L 33K P o ik — A AL (8 L 1A 28 2R 7
ST OR A5 SR 9 AR BOIRZS TR T 1O B 2 R A AR BT O B A A RE o 4RI IR FT MR £ 3l 4 1 1 2 S e BROIR 25
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Table 9 Effects of fermented total mixed ration (FTMR) on meat quality in ruminants
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Korean JEFEREE LIg /D T A4 = WA . Feeding Korean cattle with FTMR significantly increased their dry matter intake and daily weight
cattle  gain while markedly reducing beef shear force. This feeding method effectively improved meat quality and reduced production

costs to a certain extent.

WA FTMRALEAEACVERE AP U5 1A 0 35 B3 (FL B v R0 1 P 4 R P R I e g v 32, MDAl 7980 1 PR 3 B o Thhe [119]
Hu FTMR group showed no significant improvement in growth performance or meat quality, but it increased the concentration of ru-

sheep  men volatile fatty acid (VFAs), thereby optimizing the rumen fermentation process.
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Cows D5 A 3 25 5, IR FTMR 4L B9 HLAR b7 & il JE IS AL T 35 % TMR 41, Animals in the silage-based FTMR group ex-

hibited higher cooked meat yield and shear force, compared to the silage-based TMR group, meat tenderness was slightly lower

in the silage-based FTMR group. No significant differences in meat quality traits were observed between the two groups. The

crude fat content in the silage-based FTMR group remained slightly lower than that in the silage-based TMR group.
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lambs demonstrated significantly superior fattening performance and slaughter yield compared to both the TMR group and the

corn stover-based total mixed ration group. The FTMR group also exhibited higher levels of umami amino acids in lamb meat

than the other two groups. FTMR holds an advantage in promoting the deposition of flavor compounds while simultaneously en-

hancing fattening performance and slaughter efficiency.
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Fig.9 Mechanisms by which fermented total mixed ration (FTMR) affects meat quality in ruminants
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