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Effects of different pH on number and community structure of
rumen bacteria
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Abstract: [ Objective ] The aim of this experiment is to investigate the changes in the number of rumen
acidosis related bacteria and the structure of rumen bacterial communities under different pH in the rumen.
[ Method | Five Holstein cows at dry milk stage were selected as rumen fluid donors , and the pH of rumen fluid
was adjusted to 6.5,5.8,5.5,5.2 and 5.0, respectively. After incubation for three hours, qPCR technology was
used to determine the number of bacteria associated with rumen acidosis, and 16S rDNA high—throughput se-
quencing technology was used to study changes in the structure of rumen microbiota.[ Result ] (1)Ruminal pH
did not affect the relative number of Ruminococcus albus (P>0.05) , it significantly affected the relative num-
bers of lactic acid producing bacteria and lactic acid utilizing bacteria (P<0.05).The relative number of Strepto-
coccus bovis increased with the decrease of pH, and it was significantly higher at pH 5.0 than other groups ( P<
0.05) ; The relative number of Megaphagea elsdenii, Selenomonas ruminantium, and Lactobacillus species
showed a trend of first increasing and then decreasing with the decrease of pH , which reached a maximum val-
ues at pH 5.5 or 5.2, respectively (P<0.05) ; (2) The results of a diversity analysis of rumen bacterial communi-
ties showed that the abundance and diversity of rumen bacteria had a trend of first increasing and then decreas-
ing with the decrease of rumen pH, The Chaol index at pH 5.5, and the Observed Specifications and Shannon
indices at pH 5.2 were the highest ones in all groups (P<0.05).The results of B diversity analysis of rumen bac-
terial communities showed that there were significant differences in the microbial community composition be-
tween the pH 6.5, pH 5.8 treatment groups and the pH 5.2, pH 5.0 ones.The distance of pH 5.5 treatment
group samples was far away from the other four groups, which meant its microbial community composition was
different from the other four groups; (3)In terms of microbial community composition, the abundance of the
main bacteria at phylum and genus levels in the rumen also varied with the decrease of rumen pH.There was a
significant difference in the microbial community structure between the pH 5.2, 5.0 treatment groups and the
pH 6.5,5.8 treatment groups (P<0.05).There was no significant difference in the composition between pH 6.5
group and pH 5.8 group (P>0.05) , in which only the difference of Prevotellaceae UCG-003 and Succinivibrio-
naceae UCG 002 were found ; The microbial community structure of the pH 5.0 treatment group and the pH 5.2
treatment group was relatively identical (P>0.05) , and there were differences only in Spirochaete , Actinomyce-
tota at phylum level , and in Ruminococcus and Succiniaclasticum at level of fungi(P<0.05) ; the microbial com-
munity composition of the pH 5.5 treatment group showed significant differences compared with the other four
groups (P<0.05).[ Conclusion | In summary, change in environmental pH was a serious disturbance to rumen
bacteria, which resulted in significant changes in the relative numbers of lactic acid producing and lactic acid
utilizing bacteria in the rumen.The number, richness, and diversity of rumen bacteria also showed a trend of
first increasing and then decreasing with the decrease of rumen pH , which conforms to the “Intermediate Dis-
turbance Hypothesis”.
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Tab.1 Composition of diets and nutritional level

JEURE B % HIKED
Ingredients Content Nutritional level

AT Alfalfa hay 20 P/ (M) kg NE, 731
LB T L Leymus chinensis hay 20 HLE /% CP 14.29
W9 H Distillers grains 10 PRI U £ k1% ADF 15.58
L Pennisetum purpureum Schum. 10 FR VR T /9% NDF 37.83
Fk Corn 23 HLK 531% Ash 7.15
& #k Wheat bran 5 §5/%Ca 0.83
i H1 Soybean meal 4.5 /%P 0.67
FiK1 Cotton meal 3

SEH Rapeseed meal 2.5

TRl Premix” 2

&1 Total 100

DATFEHIRRF 4T :Cu 2 525 mg,Fe 4 150 mg,Zn 10 025 mg, Mn 4 200 mg, Co 60 mg,Se 100 mg,1 200 mg, VA 1 100 000 1U,
VD, 360 000 IU, VE 10 000 mg, A% 2 200 mg,B-H12 I E 300 mg. 2) /= F4rge it HAE , Hax b SEE .

1) One kilogram of premix contained the following: Cu 2 525 mg, Fe 4 150 mg,Zn 10 025 mg, Mn 4 200 mg, Co 60 mg, Se
100 mg, 1200 mg, VA 1 100 000 TU, VD, 360 000 IU, VE 10 000 mg, biotin 200 mg, B—carotene 300 mg.2) NE, is the calculated

value, while the others are the measured values.
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W RG] 4 22010 X8 B WA T i g R e, M 9 S pH A R 6.82, IR A7 T PRI Hh O il % iz 2
T H . 2% Menke %Y 7 WA BCH N T MEWE , 4008 B N THEVR =12 BeHlTR G 35970, 39 "C 1L
A CO, P74 . 1 mol/L HCLA 1 mol/L NaOH &35 pH{E 4 6.5.5.8.5.5.5.2.5.0, SR 5 LB K 18
A 0.4 g KM X1 T 05 A 05 4= F 4 ) 1160 mL 5 32K, 38 A CO, BARAN, I FR I %% E, i ALE
TRFEIR 39 ‘CTF 5% 3 h Je vKIn &b A& 1, FH 980 15 40 B 1 I o
1.3 WEHREAE
1.3.1 4% § %8 DNA 32

DNA $2 By %5 5% FH W A B 92 A S 2 B DNA SR & (D5625-01, Omega Bio—tek 23 ] ) 1t 1
Po PRHUSE A DNAFE S 10 o/ LI NE W EE I A DK A I HE A7 0 S Asr il 4S5, A A 20 “CIR A
DL IR S 0
132 % B a1 9 0F 3% % % 8 PCR 547

PRI A & (AQ601-01-V2, db st &N 4 AE W R A BRA /) il H Ui B 17, H PCRAX(T100,
BIO-RAD 2~ ")) A TR . JER 59751 W3 2.

=2 EBHEELHEEPCRERESIYFTI

Tab.2 Primers for real-time quantitative PCR of rumen bacteria

194 R Bk 2] WREZSC PP bp KU
Synthesized name Synthesized sequence T, Fragment length Source
16S rDNA F:CGGCAACGAGCGCAACCC .
60 130 Denman 21!
R:CCATTGTAGCACGTGTGTAGCC
I B ERE R, albus F:CCCTAAAAGCAGTCTTAGTTCG .
53 175 Koike %"
R:CCTCCTTGCGGTTAGAACA
S H U S. ruminantium  F:CAATAAGCATTCCGCCTGGG .
55 133 Stevenson 217!
R:TTCACTCAATGTCAAGCCCTGG
HHEERTE S. bovis F:TTCCTAGAGATAGGAAGTTTCTTCGG .
56 128 Stevenson 251!
R:ATGATGGCAACTAACAATAGGGGT
FLBFT I Lactobacillus F:AGCGAACAGTAGATACCC
48 233 2
R:GATGGCATAGATGTCAAGACC
BRICE RIEREE M. elsdenii F:GACCGAAACTGCGATGCTAGA ,
56 129 Fernando %"

R:TCCAGAAAGCCGCTTTCGCCACT

BAFEAIANTHEE ,PCRY IR 20pL IR R AR RAM L3, PCRY G MAETFWT:O
95 “CHIAEYE30 55 95 “CAEMES 5,60 “CiR K /HEfH 20 s IR NAF 5, L 40 MEIF; @{ﬁﬁ’ﬂéﬂiﬂ%‘aé}ﬁ
PL20 °C/ s B BE M 95 “CRE 2 65 °C, FRLA 20 “C/s IR BE 2212 INFA 2 95 °C, 7E 95 CIRFF 0 s, 7E 65 CLREF
15 s, 45 R AT 4 CIR-AT .
#®3 KHAEEEPCRIIEBHEZR
Tab.3 Realtime PCR reaction system

I H] Composition f# F /L Volume
SYBR® Premix Ex Taq II (Tli RNaseH Plus ) (2x) 10.0
PCR IE [ 5 |#) Forward primer(10 wmol-L™) 0.8
PCR 2155 ¥ Reverse primer(10 wmol -L™") 0.8
DNA ##¢ Template(<100 ng)" 2.0
ddH,0 CKFHZEMAIK Sterilized distilled water) 6.4

ET Total 20.0
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HFR/RFAE o B A B I FE A (CO 5 NS B CHE R ZEE 11T AACH H RS IR A i P ACt S
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VA4 72575 X s i FH 51 90 1) 4 338F (5'~ACTCCTACGGGAGGCAGCAG-3") Fi1806R (5'~-GGACTACNNGGG
TATCTAAT-3") o A 56 W0 757 45 4l Ak 20 R0 A= 2 45 43 r el A e B8 448 20 2 VR 4 A7 BR 20 B] 7E [lumina
Miseq PE300 & b #E4T , i 5o 5 i 5% , LA 16S rDNA FE 5 K T 97% B9 AH L R bR , 48 ] Mothur
1.31.2 84T o ZHEVE M . 3£ T Weighted Unifrace #5525, i FH R(v3.1.1) #4620 49 pheatmap #E17 2
3T 23t OTU RS HT, 43 B F2 A o0 A A, fd ] UniFrac 5335 F FH R 48 A0 G 15 B0k LLECHE it 1]
VIR 22 5% ORI T B AR T o PEARRE 1S A TR 2 R RS REATE ] R WK R BRI 254
14 HHESZITS5HH

IR0 Z A5 TH Excel 2016 %) 20 8 305, 5% H SPSS 24.0 Ge it 43 A A 347 B8 28 07 22 53 A1 (one—way
ANOVA) , i  Duncan’s $5i647 2 8 FLECKE G, LA P<0.05 Ry 25 5 0 35 PR I Wrbr viE o X pH RIRG I H 1)
T B AH TR IETT Pearson FHOCHE AT, A P<0.05 R 25 5t 2 FI bR o

2 HBRE5H
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(00 T ER B R TR P A SRR A T, 1R EC I AR BRBR RS 2 5 A S R R N R L
TR R DA, A4 Bk A RN ZLRRAT W2 B N EZ A FLRR A0 e 1R B IR i R A I G . L
Fofryen 15 i v 23 AH SN B 1 qPCR &5 SR LI 1. P IRl 1 nT UL, 98 B P = A1 4 R A 1 11 (0090 1S BR T 2 08
pH [ FZ MR K (P>0.05) , {5 2= LRI FH P (% R B RVER B S 24208 H SR B ) AL e =25 v (2R sk
B FLIR AT B ) I AFDC B 4 Bl pHL T BT AT 035 A8 Ak (P<0.05) o 3R [C B RUERTA 5 24540 H B 1 A 2L
P2 T TR X 5 f B G R S pHL Y T R e T S5 B A, b 3% IR B RUBK T 7E pH 5.5 4035 31 85 i (P<0.05)
F2 2R H MR FLIR AT T TE pH 5.2 Ab ik B R = (P<0.05) o 74 BEBK R Bl 6 98 H pH Y T g 7 Tt
5, 7E pH 5.0 &b {2 3% 5 T pH 6.5 Fl pH 5.8 4k (P<0.05) .

22 AEpHXEBHE SHERFEEHNTM
22.1 REpH & B o % AHHEFR

FH % 4 0] H1 45 4 e 3 e 0 R A 7 S R IR 3 97% LA L, ST R IR BEAR KL, e I LR S A
P BRI e 2540 . 93 1 A TR Observed species T8 24 BH pH 19 B AR SE T = S5 B#AIK, BLAE pH 5.2 BP9 Rp 4 H
% ,pH 6.5 5 pH 5.2 Z [8] % 5 5. %% (P<0.05) . Chaol ¥§ %X i K E|/IMKYK A pH 5.5 .pH 5.2 .pH 5.0 .pH 5.8
I pH 6.5, Hrd pH 6.5 5 pH 5.5 . pH 5.2 Z [11] 22 5 i 3 (P<0.05) . Shannon 35 5 Ffi pH A AR G TH 5 5 B8
I, 76 pH 5.2 Bf ik 2| 55 KK, pH 6.5 Fl pH 5.8 Z [H] JC 22 5% (P>0.05) ,pH 6.5 .pH 5.8 55 pH 5.2 Z [i] 22 57 ik 3
(P<0.05). Simpson 5% 20 Z 0] JC 25 5 (P>0.05) .

222 ARFpHXBAEMEAL SN @

f 2 AT, E Ry 1T (PC 1) AT E 4 T (PC ) A9 53 Mk AE 4 51 4 34.45% (P<0.05) i1 8.12% (P>
0.05). pH 6.5KbFRLAFEAR S pH 5.8 b BELAEAKH B R AL | 32 B LR FEAG B JC A I 22 57 5 pH 5.0 Ab FRA A
A pH 5.2 b BRAAEA AN B R AE | [ 3¢ B L TR EAS B TC B (2 22 5 5 11 pHL 5.5 A FRAL AR AR 55 oAl 4 R A
R B, R W LT TG 5 HoA 4 20 B 22 57
223 RF pHE B 2018 1K P 2R w0 2 A1

300 3 3 AR X SR AR A pH T R 40 TR 16StDNA JE PR V3-V4 3 A8 R4 T e o A4S
R TTAKOF T AR 3 R A s B AT 10 TR L6 50 & S T, T I A4 26 R 8] pH T B AR 3B 1T 135k 40
FFEE 1] (Bacteroidota) A EE R ] (Firmicutes ) o KT B 1] A0 BAHE T2 BEBE pH A ASWTRRAR T8/ . JEEE B
I PERAE ] (Verrucomicrobiota) B2 EAA ] (Spirochaetota) il Z6 1 ] (Actinobacteriota ) B A AH X 3= i Fifi
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A H O EERE B IR R E RUERE ; C. I A 50 A SR D 2R 8RR B ZLIRAT B o B IR AR TR R /NG B
FR 225 B3 (P<0.05) M [R/ING FHE R R 22 58 35 (P>0.05) .

A: Ruminococcus ablus; B: Megasphaera elsdenii; C: Selenomonas ruminantium; D : Streptococcus bovis ; E: Lactobacillus species.

6.5 5.8 5.5 5.2 5

Value columns with different small letter superscripts mean significant difference (P<0.05) , while with the same small letter super-
scripts mean no significant difference (P>0.05).
P ASTR] pH XSRE 1 AH EA X £ Y520
Fig.1  Effects of different pH on rumen bacterial number
&4 AR pHIEEME o SHMERHKF M

Tab.4 Effects of different pH on rumen bacterial a diversity index

;jii pH 6.5 pH 5.8 pH 5.5 pH 5.2 pH 5.0 *’Zﬁ? Piie
Coverage 0.978 6 0.978 2 0.977 4 0.9778 09782  0.0002 0.207
Observed species  2067.94% 2 037.00° 2159.76" 217276 2083.98" 16.632 0.022
Chaol 2745570 279580" 294591  2903.66"  2850.13" 21.864 0.014
PD wholetree 127.10 126.47 130.72 133.13 129.86 0.871 0.082
Simpson 0.99 0.99 0.99 0.99 0.99 0.000 2 0.066
Shannon 8.57" 8.54" 8.70" 8.85" 8.74" 0.036 5 0.034

A TR A AR AR TR R 2R 22 53 1835 (P<0.05) MR FHE R 22 AN 2 3 (P>0.05) .
Values in the same row with different letter superscripts mean significant difference (P<0.05) , while with the same letter su-

perscripts mean no significant difference (P>0.05).

pH REARIT T & . ZZTE TR 1] (Proteobacteria ) B B 3= BE Bl pH A FEAIRSE L THE FRAG . BB 40P T ] (Patesci-
bacteria) JEARFF F | ] (Desulfobacterota ) fifi pH F AT S P G T e o ] (Cyanobacteria) 2T 4T
1] (Fibrobacterota ) & AR XS - BE7E AN ] pH 25 2H W] 34 JC 18 3% 22 5% (P>0.05) . HiR 5 A UL, pH 6.5 4 FRZH
5 pH S8 A FHA A5 HE 1] F A & 22 5 (P>0.05) ;1M pH 5.5 4bF 20 i R 2803 1189 £ 5 pH 6.5 &b
FRZH A pH 5.8 ZbHA] A I 35 25 57 (P<0.05) ;pH 5.2 Kb FEA [RIFE S pH 6.5 AL BRZL AN pH 5.8 ZbBELH 1 B RELS
FIA B35 2253 (P<0.05) ,{H5 pH 5.5 Ab U1 Patescibacteria FIPERLE [ 47 B35 2255 (P<0.05) , HiAh1Y
55 pH 5.5 4b L2 TG i 2 22 57+ (P>0.05) s pH 5.0 AbBRAL 5 pH 5.2 Ab BR LA A WBURE A | ] R 1T 1 145 22 57
(P<0.05) , HoAh 345 pH 5.2 4bBRZH TC i 2 2% 5 (P>0.05) .
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Fig.2  Effects of different pH on rumen bacteria 8 diversity index
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Tab.5 Effect of different pH on the abundance of rumen microflora at the phylum level

43 Taxon pH 6.5 pH 5.8 pH 5.5 pH5.2 pH5.0  FRiEiR SEM  P{H P-value
Bacteroidota $UATEE ] 82.51 80.79" 76.20™ 72.52% 70.30° 0.0118 <0.001
Firmicutes JEBE ] 12.45°¢ 14.01° 18.74" 21.56" 23.20° 0.0103 <0.001
Proteobacteria A8 JE B ] 2.26* 2.61° 1.34 1.46" 1.43 0.001 3 <0.001
Patescibacteria 825 4N ] 1.28% 1.10° 1.59" 1.96 1.90" 0.000 8 <0.001
Verrucomicrobiota JE 3 &[] 0.47" 0.45" 0.57" 0.89° 0.97* 0.000 5 <0.001
Spirochaetota B2 iE{A ] 0.24° 0.26" 0.49" 0.57" 0.88" 0.000 5 <0.001
Cyanobacteria #; 7] 0.21 0.23 0.27 0.26 0.26 0.000 1 0.419
Fibrobacterota £F 4T 1 1] 0.25 0.24 0.25 0.18 0.17 0.000 1 0.103
Actinobacteriota HTZE T | 0.10° 0.13" 0.28" 0.29" 0.57° 0.000 4 <0.001
Desulfobacterota AT ] 0.14" 0.11" 0.15" 0.21° 0.19" 0.000 1 0.028

147 AR R AR AN ) - BE 3278 22 53 1 35 (P<0.05) IR 5B 7R 22 55 A8 Wi 3 (P>0.05)
Values in the same row with different letter superscripts mean significant difference (P<0.05) , while with the same letter su-

perscripts mean no significant difference(P>0.05).
224 RE pH*E B 40 B R KT AR F ol T

AT A DU HEAE R = B KT 19% 9 B 2R TR E A 134>, Hrh B8 IR R B (Prevotella) o5 45 XL
i (£ 6). H1FR6ATH, B HIKIKHE (Prevotella) 57 Ik [KEFF UCG-003 & (Prevotellaceae UCG—
003) Fifi pH 1) F& AR T B ARG 5 unculiured_rumen_bacterium T & - 7 32 FA T J& (Succiniclasticum) . Candidatus
Saccharimonas T J& 7 FF = B Bl pH A BT T = o 35 57 1K IR B UCG-001 1 J& (Prevotellaceae UCG—
001) 383 5 T )& (Ruminococcus ) FH % = BE Bl pH (1) AT 7 SE R AU 7 5 5 BEBF BB RCO T & (Rikenellace-
ae RCY gut group) JEFAMRINEEL UCG 002 B & (Succinivibrionaceae UCG 002) | vt HL 1T #5171 J& R7( Chris-
tensenellaceae R7 group ) FHXJ 3= BB pH A9 T+ i Se S S BRI, fRER 6 vl 0, JE 7K F- [, pH 6.5 Ab 320 &5
pH 5.8 4k FRLZH (9 TR AR 25 F A FARALL, 13 s 308 7 R R R UG G-003 1 & AIBE AR IIUAT B UGG 002
PR B A 35 25 5 (P<0.05) 5 pH 5.2 AbFEAL 5 pH 5.0 &b FRZH TR A 45 4 B SR B30, AAE IR 1 TR A 22 57 (P<
0.05) ;{2 pH 5.2 . pH 5.0 &b P 20 Fl pH 6.5 . pH 5.8 4b B 21 B B 25 ¥ A7 0 35 25 57 (P<0.05) , A AE FROT 14 B
RCY i )& M1 7 IR G B UGG-001 [ & 1 3547 22 57 (P>0.05) 5 Ifii pH 5.5 4b BLAH A BRI HE S5 44 5 pH 5.2,
pH 5.0 Zb¥ZH Al pH 6.5 .pH 5.8 ZbFRLH ¥4 22 57 (B H b A5 #4318 )& Al pH 6.5 . pH 5.8 ZH 1 ZH BUARAL (P>
0.05) , 543 i J& Fll pH 5.2 .pH 5.0 4L AL (P>0.05) .
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Tab.6 Effects of different pH on the abundance of rumen microflora at the genus level

432 Taxon pH6.5 pHS58 pHS5S5 pHS52  pHS5.0  FREIRSEM  P{H P-value
R R | | |
64.62" 62.75° 59.07" 52.20™ 51.24° 0.014 7 0.001

Prevotella
IR R | | | |

4.32" 4.55% 4.47° 5.83° 5.78° 0.002 2 0.036
Uncultured rumen bacterium
PR R RCO B

3.61 3.87 3.75 4.96 4.53 0.001 8 0.072

Rikenellaceae RC9 gut group
H KRR R UGG-003 18

3.82¢ 3.39" 2.10° 1.93¢ 1.57 0.001 9 <0.001
Prevotellaceae UCG-003
TTH IR G A UGG-001 8 . 1 . B}
2.50 2.31° 2.77% 2.82% 2.89" 0.000 6 0.007
Prevotellaceae UCG-001
BEHRINE AL UGG 002 148 : , , ‘ ,
0.96" 1.33* 0.40° 0.41° 0.34 0.000 8 <0.001
Succinivibrionaceae UCG 002
o1 1 | | | |
) 0.79° 0.76° 1.39° 1.40° 1.75° 0.000 9 <0.001
Ruminococcus
B | ] i |
1.04 1.31" 2.22" 2.52" 4.02° 0.002 6 <0.001
Succiniclasticum
LA R RT R , | | | |
] 0.56" 0.60" 1.10° 1.02° 1.003* 0.000 6 <0.001
Christensenellaceae R7 group
Candidatus saccharimonas 0.42¢ 0.41° 0.82" 1.27* 1.49* 0.001 0 <0.001

[T B0 I8 i AN TR Bk R 22 57 ik 3 (P<0.05) , M A B RR 22 AR 1 3 (P>0.05)
Values in the same row with different letter superscripts mean significant difference (<0.05) , while with the same letter su-

perscripts mean no significant difference (P>0.05).
33 #
31 AR pHX/LFESBHPSHEXEARHEN R0

Je 1 A A U 2 T B 1 DA S A T S AR AR AR, R pH R B A T Y A R
FIHAT B SR AR TR B A W sh b RO E ] . 249 pH A 6.0 LRI, B e R A
ORI D, 7 AERE A T SO pH B9 ZAR PRe S BEURREY, I AR 23 21 44 e ik v 6 475 7 % 3 IR 22 AR AT
o R A LT AT IR IR AT AT I AR5 2 pH R RE R 5.5 I, R AR Wi A 1 sz 2
(B85 PG R B A B 2 8 H UM P K TH RE 4 45 AR 4 B 22 & 1 g 3™ (BRI ZLRR R BB TR, 4
HEBRTE I B P R, 208 B N FLIR R, 51 kB E AR B R A RS pH R
5.0 AR, KER /AR W AN REAATE , R 5 o == TG BAPE B R T R4 9 18 TR 284 A v et (3,
PR AT BT PR L5 iR ) IR T A2 3 T BE R A M 2™, O A R 18 e o DR 3V B e, AR = M LR I AR 2R L 5
KAV B IR RS, AT b, SR A T 1 BRI B pH A BRIRAZ AL AN R, X 5 R BT 5 4s
SRANIA] . USR58 15 R Y PR 3R T RE B 22 A RO 21 48 35 i O™ TS 2 B R pH Y
ARG R o A58 A= 4 K B R pH YRR T 5 L X AT R BFFE A & 5 (AR IRE B BRTE 4
PR PR B R LR AT T B pHL A AT S T 8 J5 B AT, 2000 pH Ry 5.5 1 5.2 I i e 22, i vl RE AT EAT]
B 0 3 17 e i R e (LR A1) T 452 P B R 2 4B ) B T i A 4 pH 4R 6.0~6.51 1T
M5 52 T P 1Y) pHL B {EL 73551 A 5.6 11 5,45 FURR A T8 fie i A= 1 pH R 4~6 , SR RETM 52 19 pH 2 3.0%) AHAT
32 AR pHMEBHEEE SHENZI

KRBT TR I, 98 B IR Th B R 8 8 BRI 2R M 5 AR BERE pH BT T %, Sha-
non $5  . Chaol AU FEAK . 1T Ogata S5 M Wang SF0IF 7 2 1, (R AR RE 1 /K- 482 iy i K 2R R T 25

N



192 - RN AN I 3 o 46 &

J&i , B S AR B AR A, X R AR O R, R — R R BUMH I I A 5 B IR LK O 4
TR R AR T R R AL RIS A . AEARRSE T B pH ARG, R TR A
ZREVEER S ST IS AR A a3, 42 BIFE pH 5.5 A pH 5.2 kb 3ik B, 35X 51T A B AT

AT R R TRD R B Y TR S XIS Z R 2 AR B R Y K AR R I, SR TR
HiAH L, BE TP BN, TR+ A W AR BOR Wi B = . TS R B, K IR B R - D
TR 3PS ST TR %) 2 A0 B RSP B0 4 N0 2 114 Shanon F8 55 (4 520 K 22 S ISR i 48 . Sommer 2558 4+
X RO 5 SRR MR B, Y 8 SRR B 3R B > rh SRR EE N W PR YA ) 1Y Shanon $8 BGA B R K
Major 25595 B30 50 B 158 76 3 BBl 0%~ 100% I, 45 B8 1K 2] 309% 2647 B, il 58 R AL i) 245 oA
VI ZREEIR B — A i KA

AW T R RS B A 2 HEYE A pH Y AR 2 BLE TS B A, 4 B AE pH 5.5 5
pH 5.2 4b 35 ) 5 5, e IR 5 S W BE VR 2 A A A TR T A0 pH R i 07 A S P R
Rt . X598 B R T R AR AU AR A
33 AR pHXEE AR EE AR

Jed 5 IRl R VA 5 R 6T IS 2 s 0 1 A R RS o DGR A R T MR e T AR R R R B
AR T JEERE B T ROURT B TR i AR B RO B R BRSO B 0 R H R L 5
WA AV B R h BE 0 HOMR R SRR T 8 pHAE, 350 1R REG T VRIS AT 109 L), IR 140
FEVR T TRIASTE DA TR RE G =5 BE . SOUFF B 1T v 935 B TR G B i 20 B O 4R s |, BB At &t P A 21 P )
YRR, A 3 5T 8 A A 2 B I R BRFAIR NG i A6 498 1 b i R R B, B Y B E R R
WA o f R FOIR B S T LA i 3R EA MR R 55 AL N R . AR B, R R H R T B X R
R TG TR B ARG = BE R, MR HAMR I @ AR X F B2 R o Peteri S BFFTIR 1 16S tDNA #RFTR 82 X198
T W S e & PR 2 e A = B RN, BE pH A RRAIG , E IEBRR B BRIE AR = B T, 3R AR
PRI AERT 3 FE AR .

ARIFGREER G RO 5E 25 A A ], 15 B R v 25 36 8 P9 5 Tl 0 1 2 S 4 A8 A 43 T R
JE H TSR Y pH s 1), 0T BB H AR AR (5T 21 2 75 e AR 260 HA R B . [R]Is ABIF 9 76 AR TR
pH ARSI 2] o7 30y 1473 498 T o K 5 R R R S IR I JE AR G A AN, R R A= nT RE A
FEALYIR B A AL, I ELZE ] R ] 2 B0 tH AR R 22 5 S8 AR WP 9T 25 138 7R, pH 6.5 Zb#E
25 pH 5.8 AbHELH 7F P ELE S AR AR AL (f5- 75 IR [C AR UGG-003 B & AIBE F R N A B UGG 002 T &
H25) ;pH 5.0 5 pH 5.2 Kb FRZH () TR BF 45 0 35— 35 (ICAE BRI AAR T R Z A 1] 9 1 1A )i R 3%
AR R A 22 5% ) 5 1 pH 5.5 A FRAL (W P RE S5 R R R F A 4 4 . B FEMEZE RBIIE TiX — 458 .

4 & it

Je4 8 pH 1 6.5 T RE 5.0 1, 1 088 B KB A A i A2 AR R, 2R BE K T Bl pH By BRI . IRIRE
RUBRTA B 245405 PR T 0L RR AT T AR G 50t B R B pHL T B S T 5 B MK, 7 pH 5.5 5 pH 5.2
bR B e e o

BE& pH RREA , 9 5 240 R R = o B N 2 AR PR Je T i JE R, 430 7E pH 5.5 81 pH 5.2 4b ik 5]
e RIS S TR . T AN RS A BE pH Y T R & A U, Herb pH 6.0 .pH 5.8 4k
FRZH 5 pH 5.2 .pH 5.0 AbFRZH W R T P A R O HEYS  pH 5.5 b BRI J T e ) i S ARV

Brift: b e g | iy BHE R S %42 (20221ZDF03017) B IR 7l B AR ZR (CARS-37) FIVLVE A A4 2477l 2
AR F (IXARS-13) [l XFABF 5 25T 1 ¢ By, S04 |
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