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Effects of fermented apple pomace based TMR on the performance and
gastrointestinal bacteria community of beef cattle
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Abstract: Apple pomace is a by-product of juice industry which rich in polysaccharides and vitamins. But it is also
characterized with high-water content that is hard to preserve, which severely restricts its application in ruminant husbandry.
In this experiment, apple pomace was mixed into the diet to prepare a fermented total mixed diet (FTMR) utilizing ferulic
esterase-producing Lactobacillus plantarum Al to promote fermentation, and to study the effects of FRMR on growth

performance, blood parameters and gastrointestinal microorganisms of beef cattle. The experiment was designed as a one-
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way completely randomized trial. A total of 50 Simmental steers with similar body weight [(630.0 = 5.5) kg] were randomly
assigned to the regular TMR dietary treatment (CON) or FTMR treatment. The total period of the whole experiment was 60
d, including a pre-feeding period of 15 d. The results showed that FTMR treatment significantly increased average daily gain
(P < 0.01), apparent digestibility of crude protein (P < 0.01), but decreased count of white blood cells (P = 0.039),
hemoglobin content (P < 0.01) and platelet distribution width (P = 0.039). The concentrations of total volatile fatty acids (P =
0.026), acetate (P = 0.023) and propionate (P = 0.039) in rumen were increased. The FTMR treatment significantly increased
the relative abundance of Fibrobacterota, Fibrobacter, Prevotella and Lachnospira in rumen (P < 0.05) compared to the
CON treatment. At the genus level, the abundances of Clostridium sensu_stricto I and Parabacteroides in cecum was
significantly higher in the FTMR treatment than those in the CON treatment (P < 0.05). In conclusion, the fermented total
mixed diet supplemented with apple residue could improve the performance and rumen fermentation parameters, as well as
increase beneficial bacteria in gastrointestinal tract of steers. Therefore, fermented TMR technology can efficiently utilize the

feedstuffs that were difficult to preserve, and it is important for the development of unconventional feed resources.

Keywords: fermented feed; apple pomace; beef cattle; fermentation parameter; growth performance; digestibility; microbial

diversity
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ERFHAH AT . R R E S A LR %
Th o % HL 50 Sk A S fa FE . & A T [(630.0 £ 5.5)
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1.2.2 AR AN Bh )4

Xt HEZH (CON) 1] M2 45 3 TMR, AL & 65% 5 Kl
(R EEBL AR A, EPH) f 35% £ oK
I 41 (FTMR) A FTMR # 18 50% K % & 41 TMR,
FTMR % 47.36% &k (CH 4042 T2 A R 5t
fEATE, &8) 17.48% £ K (Zea mays) H 7~ 19.37%
SR 15.79% B 5 1§ (Medicago sativa); & 77 /K
TR 45.80%, fH & A 16.70%, 15 R M P %
2T 4543 TR 26.70% Fil 18.50%, R 17.49 MIkg '
e 1 60 d, Hor A 35 FiiA 15 d.

H ARG 77 42 B8 A 2878 FR AR (NRC, 2012) JEAT
FCE, We HIEE 15kg BIRRAEFRH R, HHE
S R 7 5B H TMR #5538 o (AR 2 A 55
KPR 1o 56 4 HT R 2 3R AT P i
T DL IR AU AR, IR NE L,
WUOKERITHE & . BRI WE, 50 ES R
07:30 F1 17:30 % 4A M — K, 4K H HKK.

1.3 HEmREMIBRNE
131 T REE IR A SR I o I

RESERUG, REA AR A H IR R BT 4
TRA TRIRE S, — 2N 65 °C fE I B A JE & 48 h,
T B 24 h, BRI 0.63 mm WG, SR )5 A B8
TRAF o LI 28 37 5 Rk i I 5 7 i, I 2 4
ErbE RUE TR, B 0T (dry matter, DM). #H

F1 HREAMMEFRKTE

Table 1 Dietary composition and nutrient level

TiH XPREZ e A
Item CON FTMR

H ¥ 2H B% Diet composition
k%L1 Concentrate 1/% 65.00  32.50
FikL2 Concentrate 2/% 0.00  23.68
E KW Corn silage/% 3500 2624
3ESLYE Apple pomace/% - 9.69
#£ 1% Fresh alfalfa/% - 7.89
1t Total/% 100.00  100.00

B 77/KF Nutritional level
THIJ5 Dry matter/% 4850  47.15
HIEE A Crude protein/% 1580 1625
FRPE BRI 4T 4E Neutral detergent fiber/% 29.30 28.00
B P Wi 4T 4 Acid detergent fiber/% 22.40 20.45
fitfit Energy/(MJ'kg ) 1781 17.65

TR . CON, &iRE HRA: FTMR, ABHAREG HK
M EIFRKCEBINSGE. R R FIRE IR AR, &7
FEEA20%, HYEBEGRLT4E22%, BRVEVESAT4E8%: Rpkl20aHifiiE
AN THRARIEAR, SHMHEA18%, PHIEERTHE20%, B
PRV AT HE9%. N,

Dry matter basis. CON, total mixed diet group; FTMR, fermentation-
type total mixed diet group; All nutritional levels were measured.
Concentrate 1 purchased from Tiankang Cattle and Sheep Feed Co. LTD.,
containing crude protein 20%, neutral detergent fiber 22%, Acid detergent
fiber 8%; Concentrate 2 purchased from Gansu Runmu Biological
Engineering Co. LTD., containing crude protein 18%, neutral detergent
fiber 20%, Acid detergent fiber 9%. Same below.
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B F Ji (crude protein, CP). H 14 3t ¥ 41 4 (neutral
detergent fiber, NDF). & % ¥t ¥ £F 4E (acid detergent
fiber, ADF) 1 & A~ ¥ /K 43 (acid insoluble ash, AIA).
3 — A B =20 C UKFE IR AE, T IRV
2 FH A2 B 2R K C B 10% i 5 80 YA i 200 mL, FRHL
CON ZHH1 FTMR 4 W Fh iR & TR EEAE 5 5 g T4
f o, T 100 mL b 3R i 3B 80 T 4 °C 3000
rmin | 24 h S, YO PR 10 mL T
5 1) B o T
1.3.2 AR MR L& 5

TR A W 45 A fe . MIE B 128 1 R JT
G, XIS B AT 2 IERR 1] AU 1R E R,
I NG 1 d iR AR EEHR, iIFE-FHH
14 5 . FW R fr B AR R Filho 25 O vkt . 1
W R R A AR AT (2023 2 9 H) iE4 T
N i KR 5 NN s Y g S S S T2
1.3.3  F&{H 7 77 o e A8 I3 ot 2 W Ak 2

RIS AT 5d, AL 6 k4, R M
PR SRR AN ZE (8 . IR S PR R EE I S (8, B
10% M0 NBR R 8 %0, F T JF 2:05E CP & &, IR
FEEAE S AF T VKA —20 °C, H T HAh 3R W5 77 1
3 B E o PRDRFFD ZEE AL A AR R, TN 65 °C T T A
TP HEZE 48 h, SR 5 BT 24 h, R I3 0.63 mm
Bt TN B IS RAE . FIRERR I s 57 5 e
I %€ 77 3%, W %€ # & A DML CP. NDF. ADF Al
AIA 7 &, R WIERR R AL R E =Y R U
HZE,

B IRV R R MAIH AR = 100% — GRS =Y

J5 A x ARDRE R R AN K 0 5 )R R E SR R
EE < FHE PR RRAE K> 5 ') x 100%.

134 BB RKESH

ERER ARG, BHBEN 6 k47 E
12h 585, RE 10 mL & Bl +-20 CRE. #
P B VR, B2 mL B BT 4 °C 4700 rmin | &
L 15 min, B _EFEWIMN 25% W B R, A 0.45 um
A HLYE RIS U8, K F AUAH 43 X (Thermo Scientific,
TRACE 1300, Milan, Ttaly) i 52 88 5 ¥ 7 & 35 & g
JIi BR (total volatile fatty acid, TVFA). L& NIR. T
B 5 TR IR AN = I s UM R A S S 4
B 230 °C, {4 ik DB-FFAP (K JF 30.0 m, N 12
0.32 mm, fI§ /5 0.25 pm, &% =i 250 C): A= IR
%220 °C; 4r ¥ bt 23.0; @4 E 1 pul. L 0.2 mL EiF

T AU N A 56 Bk AL R R, B2 5D, i
& 10 min J5, A 73 06 o6 FE iF (UV-2300, Shimadzu,
Japan) 7£ 700 nm ¥ K T 52 HUEK 44 OD fA, Wl & 2
A (NH;-N), 776V 0L Sk [23].
1.3.5 I

W S w1 K4 5 mL #E Bk IV T EDTA ()
PLBEE 4 °C 4R A7, FH 4 A 3h 4 e o i A (% 18
4 ProCyte Dx®, 3 [E) XJ 4= Ifi i3 47 1f 7 ;0 (2 2 E
M2 & A /N i 40 ) 9 5E .
1.3.6 HpiEMAED

J& 5 Ja K 4R 2 mL R B AN E W B BEAT T80
C UK RE R AT, T 582 165 WP 4T o A R
B VR 38 P9 A RE B, RR A Ma P 2 ) 7 ik
NIRRT E £ BERE AN R B B AE W) 5 DNA, JF
FH 1% F B G 46 12 36 1IF DNA I B il 52 80k . 3k
51%F %) F: ACTCCTACGGGAGGCAGCA F1 R: GGA
CTACHVGGGTWTCTAAT ¥ 34 41 1% 16S rRNA 2
V3—V4 X, H 1% BB A5 % H ok 44k 5 23 %,
JJF K . 7E Tllumina NovaSeq Il 7 7 & (At 5t & Rl 4E
Yo ®E B A B 2 A ) #E AT OBUR wi W . A A
Trimmomatic ' (version 0.33) % Jif 44 % #8 ik 47 i &
i€, Al Cutadapt *” (version 1.9.1) #E47 51 % % %1 1)
P52, B USEARCH "% (version 10) %I %ifi reads
BEAT B4 9F 22 & k& & (UCHIME | version 8.1),
i 4 343 ASVs (amplicon sequence variants), £3 £
OB T 5 S 2 B T .
1.4 HIESHH

F Excel 844 0 5 1 8% 56 £ 9 ok 47 B 2, R
F Shapiro-Wilk ¥ i 46 %4 9% 328 47 153 40 A ke 3, 4F
HIES AR (KRR W, M . &
B K B % $) % M SPSS 22 (IBM, Chicago, United
States) XA HEAT ¢ K0 50, A FF GBS 700 B HR A (1A
RV K. BB MY 2 R )
F Wilcoxon # A5 5 . P<0.05 £ R ZERTFH, P>
0.05 Ko ZERARE.

2 5%

2.1 AR YI4E R

W AP R B A E A 5T, R R AR
&, FTMR 4 B /) = £ & 36%, 7 CON 4 H i) 3
JE 2 59% (K 1)
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- JOi;tﬂgrs = inﬁziﬁrg?; vicinamibacterales % 2 ﬁ E$ Iiﬁ *SI- er. m q: ,_:I:_ -L/t ’I‘E ﬁlé E’\J %2 ﬂrﬂ] (n = 25)
P IR G [mEPvaEE Table 2 Effects of fermented feed on growth performance
Prevotellaceae Bacteroidaceae —
B 505 o e of beef cattle (n = 25)
Sphingomonadaceae Lachnospiraceae
100 - O SRR EEFES A 4b3 Treatment
Muribaculaceae Unclassified cyanobacteriales ) P
B 5 B 5 KA Item CON FTMR
< 80 f Gemmatimonadaceae ljnclaffiﬁed bacteria
E = il;%o%]acil]aceae . %ﬂﬁiﬁ 635.04+10.00 634.64+10.82 0.893
Mg 60 Original weigh/kg ' : : : :
gt KAE
= 0
E o 2 Final weight/kg 719.74 £10.01 73230+ 12.36 <0.01
B
E TR
Q
2 20 Average daily gain/kg 1.41£0.03 1.63+£0.09 <0.01
0 FETFYFCRER
Average dry matter 11.00 12.00

CON

FTMR
Kb Treatment

1 AR e LB AR EE B

Figure1 Comparison of microbial composition in two feeds
22 RAFEEKMEREFN@ITN
FTMR Z1 )42 & PR BE v T CON 41, R A% H A1

5 H 1A N T 1.75% F 15.60%, H 2 5 &%
(P<0.01) (% 2). RICHLFFHIEE (E 3)o
23 ALEFYRFIWELER

FTMR 4+ R 25 5 32 W VE A0 R 8 2 = T CON
H(P<0.01), T oI AR I 1 345 2 4 6 WL T
b3 5 CON 470 % 2 5% (P> 0.05) (kK 4).
24 HEGMmMEM

FTMR 2H [ 40 o s 55, o 2085 1 & 8 R0 1 /D A
A3 AR 55 FE ) B FE LT CON 41 (P < 0.05); {5 H A 1fiy
WA TR E E R (P> 0.05) (£ 5).
25 AS4BEBAEBEEH

FTMR 4 & ¥ & MR 05 R WKk 2 3% = T CON
H (P =0.026), LEEFTNER & R E & T CON 41
(P<0.05); Hih KBS S EMAMY LLE EZR
(P>0.05) (¥ 6).

2.6 REEBHEEDHFMN

2.6.1 o ZFEPERIB ZHAE1E

P Z I o ZREM TR EZS (P>0.05) (B
2A—D); B £ FE M NMDS 43 87 45 3 &R (K 2E), %
S 2 [A) R b 40 AT BE B0, R A A A T A )
SR (Stress = 0.088 6).
2.6.2 4 F 2T T

17K~ 2H 1) 22 S b 23 i 8o (3R 7), CON 4198

intake/(kg-d ")

®3I BFYESN

Table 3 Economic benefit analysis

b3 Treatment

T H
Item CON FTMR
Bk B g4 08
Gross weight gain per cow/kg
ERMERA ” s
Feed weight gain cost/(yuan-kg ')
A AT
Total cost of sales/(yuan-tﬁl) 1413 1230
(SR
Gain on weight per cow/yuan 2856 3332
3 N
B BAE 1008 1568

Gross profit per cow/yuan

x4 RBEANSAFERIRRWBELERBNEE (n=2-)
Table 4 Effects of fermented feed on apparent digestibility
of nutrients in beef cattle (n = 6)

T H 4bPE Treatment
Item CON FTMR P
Dryqjj?t)fr/% 79.12+3.86 80.29+2.51 0.484
Crudtﬂi?ein/% 6431+1.65 7427175 <0.01
S 4
Neutrjjl L%frgifiﬁ)er/% 60.78+1.43 61.33+1.83 0.573
Mt T ok 51.96+£2.51 5336+2.08 0.610

Acid detergent fiber/%

B e 1] (Verrucomicrobiota) HAH X =E & M 2 2% &
F FTMR 41 (P<0.01), {H£F-4E4T B 1] (Fibrobacterota)
(AR 6 FE AR T FTMR 41 (P > 0.05); J& 7K 741 [|] %
WA 7R (3R 8), CON 498 B # Prevotella-
Prevotellaceae UCG_003. unclassified Bacteroidales
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®5 KBENNAFMERNEN (0 =06)

Table 5 Effect of fermented feed on blood routine of beef cattle (n = 6)

ALFE Treatment

= p
Item CON FTMR
ZL4M L 5L Total erythrocyte count/[x 10" (cell-L )] 736+0.15 782+0.18 0.071
14 5451 Total white blood cells/[x 10° (cell'L )] 7.53+1.87 5.42+0.77 0.039
11412 4 Hemoglobin/(gL ™) 116.38 +2.40 117.38 £3.14 0.804
14T 5 44 & Hemoglobin content/pg 15.76 £ 0.18 14.95 +0.14 0.003
11472 (¥ Hemoglobin concentration/(g-L ™) 321.88 £ 6.69 306.38 +5.27 0.065
ik EL 478 Lymphocyte/[x 10 (cell-L™)] 1.80 = 0.28 1.78+0.15 0.938
w1 ] 28 ] Intermediate cell/[10° (cell-L )] 0.78 £0.12 0.76 + 0.07 0.932
Fi4H ] Granulocyte/[x 10° (cell- L )] 423 +0.44 3.36+0.34 0.144
WRELZH A L % Lymphocyte ratio/% 26.15+2.12 31.16 £3.30 0.222
H R 28 i L %R Ltermediate cell ratio/% 11.24+1.03 13.20+1.24 0.243
FIANMILE 2 Granulocyte ratio/% 62.61 = 1.96 55.64 +3.58 0.110
2140 ffn 5 AR Packed cell volume/% 36.15+0.73 38.25+0.74 0.063
21 2 ¥ 354483 Mean corpuscular volume/fL 49.26 +0.76 48.98 +0.51 0.757
2L I 43 4 55 FE Red blood cell distribution width SD/fL 25.55+0.77 27.65 +1.38 0.204
LI YNNI 55 47 52 JF Red blood cell distribution width/% 1520+ 0.26 16.53 £ 0.67 0.087
I/ 5 Total platelet count/[x 107 (cell-L )] 223.87 +31.98 205.25 + 25.46 0.656
/N P 1514447 Mean platelet volume/fL 6.65+0.16 6.556 = 0.09 0.551
IML/NBR 4347 95 FE Platelet distribution width/% 8.29 +0.24 7.18 £0.37 0.024
I/ EA Thrombocytocrit/% 0.14 +0.02 0.13 £0.02 0.604
TR EL R Platelet macrocell ratio/% 4.44 +1.31 1.43 +0.69 0.061
*o AREARTAGHEELABESHBIFM (n=—0)
Table 6 Effects of fermented feed on rumen fermentation parameters of beef cattle (n = 6)
Wi g A3 Treatment .
Item CON FTMR

AR VIR Total VFA/(mmol-L ™) 131.25 + 16.05 185.49 + 12.88 0.026

ZIFR/IR Acetate/ propionate 2.96+0.15 2.73+0.18 0.350

2. Acetate/(mmol-L ") 77.26 +9.37 108.04 + 6.76 0.023

1A/ Propionate/(mmol-L ) 28.60 +3.16 40.55 + 3.90 0.039

T Butyrate/(mmol-L ") 24.04 +3.81 28.38 +2.61 0.370

5T Isobutyrate/(mmol 'L ) 136+ 0.47 1.83+0.20 0371

J%H# Valerate/(mmol-L ") 1.91+0.27 2.65+0.35 0.126

$# I Isovalerate/(mmol-L ) 2.93+0.28 4.04+0.43 0.055

%% Ammonia-nitrogen/(mg-dL ") 7.10+2.97 10.32 +2.41 0.207
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Figure 2 Comparison of a diversity and  di

R7T BANEBMEYIVKEEELR n=6)
Table 7 Comparison of rumen microbial phylum level
abundance between in two treatments (n = 6)

QbR Treatment
CON

1K1
Phylum level

FTMR

e 1]
Verrucomicrobiota/%
AT
Fibrobacterota/%

0.049£0.027 0.010+0.004 0.003

0.005+0.003 0.015+0.007 0.336

RF16_group. Veillonellaceae UCG_001. UCG_004-
Selenomonas- unclassified Succinivibrionaceae-
uncultured_rumen_bacterium_4C0d_9 Anaerovibrio F
unidentified_rumen_bacterium_RFN46 ) X+ =+ &
¥R ZE ST FTMR 41 (P < 0.05), {2 Fibrobacter-
Prevotellaceae NK3B31 group. Prevotellaceae UCG _
004. Lachnoclostridium- Lachnospiraceae UCG_008-
Lachnospiraceae FCS020_group~ Lachnospiraceae__
NK4A4136 group- Lachnospiraceae_ UCG_006 Fl
[Anaerorhabdus] furcosa_group A%} 3 ) B F K
T FTMR 4 (P <0.05).

27 AL EBAEEZHEM

271 o ZFEYER B ZFEE
Pz 0] o Z RV B R E Z S (P> 0.05) (B
3A—D); B £ £ % NMDS 43 #7145 3 &7~ (K 3E), #

versity of rumen bacteria in two treatments (n = 6)

2H 2 TR A i 2 AT BRSO R R A R
S/ (Stress = 0.099 0).
272 AR EEE S

7K1 2R 1) 22 5 0 kb o3 A o (3R 9), A2
(B0 =F R % Z 5 (P> 0.05); JB/AKFAMNZER
Y Rh M R (£ 10), FTMR 48 % Clostridium
sensu_stricto I+ Turicibacter. Romboutsia- uncultured
rumen_bacterium~ Parabacteroides 1 unclassified
unidentified_rumen_bacterium RF39 /)4l & 3 £ 15 &
F T CON 4 (P <0.05), 1H Lachnospiraceae
UCG_001- Dorea~ Candidatus_Stoquefichus-
unclassified Alphaproteobacteria~ unclassified
Paludibacteraceae ! unclassified Erysipelotrichales
Y B F B B KT CON 4 (P < 0.05).

3 pHe S

3.1 %P TMR 345 KMHE LR

SR — R RS R R A T R R A
SER R AR P AR, A FEERERA
B WA ZHE R4 TR SE, FROMME
O HERE SRR SR, A HRRE
SErhfE 10 B, e E BRI TS AR IR A sh A
RN o ABT T IE £ 5 K B A TR & H AR TR 70 4
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x8 MEAXNBEBEMEVRKTEEELE (n=06)

Table 8 Comparison of rumen microbial genus level abundance between in two treatments (n = 6)

JBIKT A3 Treatment
Genus level CON FTMR P
Prevotella 0.211 £0.069 0.121 £0.026 0.006
Prevotellaceae UCG 003 0.016 = 0.002 0.011 £0.002 0.006
unclassified_Bacteroidales RF16 group 0.019+0.010 0.005 £+ 0.003 0.009
Fibrobacter 0.005 + 0.003 0.015 £ 0.006 0.010
Veillonellaceae UCG 001 0.011 +0.003 0.004 + 0.002 0.010
UCG 004 0.011+0.008 0.004 + 0.002 0.010
Prevotellaceae NK3B31 group 0.002 £ 0.002 0.011 £ 0.003 <0.001
Prevotellaceae UCG 004 0.002 +0.001 0.007 = 0.002 0.001
Lachnoclostridium 0.002 +0.001 0.004 £+ 0.002 0.010
Selenomonas 0.004 = 0.004 0.001 £ 0.001 0.030
unclassified_Succinivibrionaceae 0.003 £ 0.002 0.001 £ 0.001 0.016
Lachnospiraceae UCG_008 0.001 +0.001 0.003 £ 0.001 0.003
Lachnospiraceae_FCS020_group 0.001 £0.001 0.002 + 0.002 <0.001
Lachnospiraceae NK4A4136_group 0.001 £ 0.001 0.002 £ 0.001 0.003
Lachnospiraceae UCG_006 0.001 +0.001 0.002 £+ 0.001 0.025
Ruminobacter 0.002 = 0.001 0.004 £ 0.001 0.01
uncultured rumen_bacterium_4C0d_9 0.002 £ 0.000 0.001 £ 0.000 0.016
Anaerovibrio 0.002 = 0.001 0.001 £0.001 0.025
[Anaerorhabdus] furcosa_group 0.000 £ 0.000 0.002 £ 0.001 0.025
unidentified_rumen_bacterium_RFN46 0.001 = 0.001 0.000 £ 0.000 0.016
A 1300 B c
1200 | 1200 F - 851 é
_ 1100 . 1100 . -§ 8.0 r
g 1000 F Q § 1000 Q g
@) £ 75t
900 r 900 | E,
800 | 800 | 270t
FTMR CON FTMR CON FTMR CON
AbEE Treatment AbPE Treatment AbBE Treatment
E
D 2r ~FTMR
. i = CON
- 1 -
- 0.98 o
2 a
g =
£ Z 0f
»n 0.96 |
_1 -
094 & 1 1 L L 1 i L L
FTMR CON -3 -2 -1 0 1 2
AP Treatment NMDSI (Stress = 0.099 0)

3 MEAMNEMAEE o ZHMMP ZHMLEER (n=206)

Figure 3 Comparison of a diversity and p diversity of cecum bacteria in two treatments (n = 6)
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Table 9 Comparison of the abundance of cecum microorgan-
isms phylum level in two treatments (n = 6)

11KF 4b#2 Treatment

Phylum level CON FTMR
Firmicutes 0.568 +0.036 0.600+£0.045  0.841
Bacteroidota 0.273 +0.080 0.299+0.040  0.958
Proteobacteria 0.081 £ 0.100 0.032£0.039 0.841
Spirochaetota 0.052 + 0.044 0.040+£0.030  0.841
Patescibacteria 0.007 £0.002 0.009 +0.003 0.841
Actinobacteriota 0.007 £0.007 0.010+0.014 0.841
Verrucomicrobiota 0.003 +£0.001 0.005 £ 0.007 0.841
Fusobacteriota 0.003 £0.002 0.002 +0.002 0.841
Desulfobacterota 0.002 £0.002 0.001 +0.001 0.841
Cyanobacteria 0.001 +0.001 0.001 +0.001 0.841
Acidobacteriota 0.0010+0.0010  0.0001+0.0001 0.841
unclassified_Bacteria  0.0004 £0.0005  0.0002+0.0001  1.000
Cloacimonadota 0.0003 £0.0008 0 0.841
Chloroflexi 0.0002+0.0005  0.0001+0.0001 0.999
Gemmatimonadota ~ 0.0002 +0.0005  0.00004 +0.00005 0.841
Myxococcota 0.0001+0.0003  0.00002 +0.00003 1.000
Campylobacterota ~ 0.00009 £ 0.00022 0.00003 +0.00003 0.841
Elusimicrobiota ~ 0.00007 £ 0.00011 0.00004 +0.00006 0.999
Deferribacterota ~ 0.00008 + 0.000 18 0 0.841
Methylomirabilota ~ 0.00007 +0.000 18 0 0.841

P23 i M A E REAARRAE o BE, NS AR R4
TH AL IR B R B 22 AN 5 T 78 43 B F R T B R SEE R
2 JL R ORI B R AT AR R . T 2L AR
YA AR, FTMR A7 B AL IR 1 & & B E K T
X HEZH o AP R T B 3 1) i A A 2 R R B B 2 AN (R
)RR B R B R Y, R I R B R R
R T MR S e Y, D, o B AL p e
K& LR W 2 vk KR F KBRS R . FTMR
2 # Gemmatimonadaceae il Muribaculaceae 4f & =
FESE BT R AN A, L6 A e o A% v sk 2k
VIR R, HAHTE S, SRR N B A
SRR,

I R R E A R R AR . S
RN TJE W& =Y R, & F 2 PR 44

S, FIF AR, BT AR RLE O, S S
AER AR, MR R . KRS R Pl R
L RE R I 10% 11 5 B AT DL 1R SR
REMEWE, %" 765 R4 mER b Rng T
SR, LR EMINE R E, s K
PERE o A 5T R I s A e 6 S TR v R o 1 e
rb ) g R R T A AR A AR, BRE6 3R BH S A R
TR S 25 4R R T DA A I R A E RSP H B R, IR S
RWE AR A R E AR AT DL S A A AR 7 o S IR
e AR AF A 2R

TRl R B R R, JEORER 4 F A B A R TE £ R
WALERIIME L R — B oA TRt K&
SR K E S, A P T R R A R T R v A 2R
B A 2 Rt FIMR AL B 5 S 5 8
&, EA M TS & AT EE s,
I FH FLIR T8 R T T RR AN 2 PR R KL 2T 4 3R . BF 90 E 5K
R T R X P e T T 4 R R M Ok Ik AR 4 R
ESHTES A B3 295 ikch =P 318
Bt KL AT 4 2 A A Y AR A R %
AT DL BE il 4 24 R 0 1) FL IR 18 (7 B 2 1R 1 i 1110 A 4
FUFF T AL), R 7045 FAIE sz L B A o0 5 0 R B2
T v R A 20 M R 0, PRI T T A T 41 4 3K 11 45
JEE, DT 6 R A J5 2T o 26 o A PR AR T 9 o 4]
FTMR X} Al 4 NDF Al ADF W4 44 R %A 50 . b Rl
JZBEAN R, FTMR 2H 0 fH BE NDF & 21K, 2 K B R
WnERE R E S B2 . Kk NDF (B4
R P BRI T 4E (peNDF) & B, R} A i i A2 o
5 it 2t T, B UK 2 0 0 R e WL R i ) %
Ty s, T BORL DR P AT I A S o R A T DAY
384 B AR, KR B B 2 R R ARDRE v 2T 4 1k %
(1 2 R o LI 7 o) A R T I 1) R LT R AL T
T AN A AE R PN 1 BE AL 30 £ o [ A, 43 ) AT 4k K
F-r) g 5E B, HARCRA Rl — BT
3.2 & TMR X A4 Mg % LS

BN AR R BT R AR DA S N 30 5 7 i 4 R
FORRCINV BBl TE =¥ e R A 1 B 7o 1 117 s Sl
240 i e 5 I W S ) LA R o A Y T e e
2 4Rk A R N 5% AT 10% &2 A A R A B R AT
DA 25 WA 7L 2 4 B, BRI A s e,
AW FE 45 F 2 7n, FTMR 41 1 20 i 5 8 8 2 T 5t
MU, 5 Lot 7045 FA — 2, R0 mRk i b
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Table 10 Comparison of the abundance of cecum microorganisms genus level in two treatments (r = 6)

BT AP Treatment .
Genus level CON FTMR
Clostridium_sensu_stricto 1 0.015 +0.008 0.025 + 0.005 0.037
Turicibacter 0.006 + 0.002 0.024£0.014 0.004
Romboutsia 0.008 + 0.001 0.021 £0.012 0.004
uncultured_rumen_bacterium 0.007 = 0.003 0.016 £ 0.004 0.010
Lachnospiraceae UCG 001 0.004 £ 0.002 0.002 £ 0.002 0.025
Parabacteroides 0.0006 + 0.0004 0.0039 +£0.0042 0.016
Dorea 0.0019 £ 0.0008 0.0009 +0.0007 0.037
Candidatus_Stoquefichus 0.0016 +£0.0009 0.0005 +0.0008 0.037
unclassified_unidentified rumen_bacterium_RF39 0.0004 +0.0003 0.0016 +0.0008 0.001
unclassified_Paludibacteraceae 0.0016 £ 0.001 0.0003 +0.0003 0.016
unclassified_Alphaproteobacteria 0.0010 £ 0.0004 0.0003 +0.0002 0.025
unclassified Erysipelotrichales 0.0004 £ 0.0002 0.0001 +0.0002 0.025

B R R T DA B 98 0E S R T AL AR i R .
M 3 N Febr (M40 & A& & 40 &E H K E
AR R SR N 2l W A WA | R s A s = S0 =y
iR DL B, M ERAKE, T REAL ARk A
T U R R A, A A BT I AN R O I
(¥ 8 A5 b7, A BT, FTMR 21 P 4 I 40 K 1
SREEFEMTAEA, A aEAsEX—
AN FE B R 0 W7 4 41 i AR Ak B 7R SOR K, B R R
] RLAS 5 ) L AR I8 of D e, At AS 0 AL AR R 20 2
L 2B 2R R TR, AN 2 i e LA 2 i T i v e
NI A3 A i AN 35 /N AR AR R 5 = S LA
I /)N B % I % PR R IE b, E S0 ML R A R,
X 4 5 WL A B IE O R IR A B 3 B &
fiff 58 FTMR 41 i /NAR 43 A0 58 B 5 3516 T 0k BB 2, i
A ) W O T ) L A B T R R I e g LT
P RIE B R 18 )RS0 T AL AR B A R AR K B R Ak
R, SR#EAEKMER AR SR
33 A TMRMAGEBELZBSHMMEDS
= e 0pA

AR E N R TR TR e A B 3 B
(1) RE fE R IR, AT DL iR LR SR N ) R I A A 1
M. ZBRAHKREEERRESHEY. HEEE Kk

W2 1 7 A AR 2 R, He b R 4 R
R B ARDRL T DL R R 40 R R B R R I R Y
SN LEEEC B bR, SRS TR+
R R AT BRI, SR TP AR IR 7 1R
7, skm AR  R A B AR e R T, 1A
B RS, BB TR E R
VERG TR . 2.0 HIRIN & . Mo H %45 g
AR FG 25 3, (L 208 /75 R B L 491 TE B B .
21 S S A A R AT B B R B R B 72 h )
R, AR HE T AR et AR G P B B B AR 5
TR A R VIR R UK BE . SR 9, FTMR 41
BIE T AERMEIEIIRG. ZBRERN S ® 5SS
TR, 5 R HF g R, T AR 7E DR
0 7= ] 8 9% T Tl (0 L FLAF I AL S, 7E R B R
B, KRR E S R T AR R, T 78 4y
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IR B A R SR B AR = & UM G, 16STRNA
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T AN 2T YR AT B 1] o R R o 2 e R A
T A Y L AE T AR, AWE TR, A
K P, FTMR 21 21 24 1 5 177 40 1 =F 5 55w, T K
FEEBER [ 1H (Lachnoclostridium. Lachnospiraceae
UCG_008+ Lachnospiraceae FCS020 _group-
Lachnospiraceae NK4A4136_group~ Lachnospiraceae
UCG_006) TN 41 4E+F W 11 (Fibrobacter) 48 B = &
BE TR AR, LpAl 7 A 1 b 2%
Tk i T A A A R 2T 2 K1, R e S 4T 4 3K g
AT DASE i — 26 55 21 4 o3 GRS A T ) R, X
45 A 70 45 A — 3 R, B A AE SRR,
FTMR 25 #)7 B 20 8 I 5 R SL AT T8 A1 3% T
PR, JERTRENG I 1 40 B A5 1506k b 5 B 5 BE s
TR S DR T 2T R R R E RS . HR T R A
MR BEENEHE— DI, &H
RREREES 5Eh 5EA MR, 524
WY R R A 5T AR TR KT S R R, o R 4L
Prevotella 1 Prevotellaceae UCG 003 W14 X =F & i
# @ T FTMR, {H Prevotellaceae NK3B31 group Fll
Prevotellaceae_ UCG_004 [JAHXS = FE 2 Z KT FTMR
Ao X LA A TR R RO w13 BUX A B
A R R ] e S X Le AT T AR RS R
3.4 %A TMR SASTEBMEY SN
o 3 A2 D RS 2 Bl R IE R AR R R —
SE TR A T8 A W T LR R R4
BN LR 5, BENZS5EZRRENE
FL PR ACUS, i T8 b Bl 2R W 2L AR IR R S e R ) T
T, B2 g LR & A R . N, AR
HI 16StRNA 1= i & Wl 57 5 AR I & [ < sh ¥ E W
WA Z R S E MM H R KL, f£)E
K-F k., FTMR 4 & 1 & 1% % J& (Lachnospiraceae

£ £ T Ek References:

UCG_001) ¥ Dorea #Hl B F & & # ik T~ CON4 .
Lachnospiraceae UCG_001 F1 Dorea W J& 3 )& T JE B
BT, PR IR 20 4 3 R AL A B3 2 R,
MNTICA ) () ff B 2% AR T RE 2 B T FTMR 4, 98
Bk T M4 m M e 5w T A .
{H FTMR 4 & W IR 2F 8+ B (Clostridium_sensu_
stricto_I)~ Turicibacter %' Wi X & (Romboutsia)-
MK K B FUAT B (Parabacteroides) W40 T8 3 B 35 & 2%
=T CON 4 . Romboutsia H N NE—FHHME, 5
Ji 38 5 1k R, T 56T Turicibacter 18 )% 4 5 1)
FORE S Y o Clostridium_sensu_stricto 1 1E ¥ &
15 b Rk A 2 R R M) b R AR, iz e
T4 R ) 2 35 98 0 T B 7E 2 SN R o A
IEW T SE 3, AW 5T 4 FTMR 418 3 i R W iHE 1L
RIEFEWI . Parabacteroides 5 MUK KE AL 2 35 A
Ky FHRFEIE IR BAE R, W e B e A, AT R Y
AR, o BEAC W 218l 2 — iR LE 10 B B AR Y
A AW X 5 AW R R g R
FTMR 21 H 38 8 35 5 T 0 B4 — 5. X s gs )
B 3E— B AESE T FTMR el eH8g In 7 1 3 UE A
B JE I 35 R, AT B G 3R EORD R R R R
FVE F%, dEFFHLAR R

gx b, PR B IR B A LR K ¥ TMR 58 5%
2H 4y 23 i B E IR TMR T AR AR B\ A N Al
A= 35 H B AU B A PR TE AR, b B i
ORI /N AR 3 AT B B R AR g U, 03 A
PERE; IR B RERR. CRANERN S E, B
T8 A 71 B J& (Firmicutes. Clostridium_sensu_stricto 1
F Parabacteroides) 1) 3 B, {&F 1 H iz {8 5 .
I, A VR A TR R R 5 R T DA ORI ) i L
BEHERE, (R 4R KOl 2 e B i i .
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