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BEATRE LA, R ITS M@, TRAH K E B SO B MG AR RIS AT, 48R GC-MS
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Analysis of chemical compositions in Atractylodes chinensis with rice water
before and after processing and its effects on intestinal fungal flora of spleen
deficiency diarrhea rats
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School of Pharmaceutical Science, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To explore the changes of composition in Atractylodes chinensis (AC) with rice water before and after
processing and its effect on intestinal fungal flora of rats with spleen deficiency and diarrhea caused by Dahuang (Rhei Radix et
Rhizoma, RRR). Methods The chemical components of the raw products and processed products of AC were analyzed by GC-MS
and HPLC technologies. ITS high-throughput sequencing technology was used to explore the effects of them on intestinal fungal
community changes in rats with spleen deficiency diarrhea induced by RRR. Results The results of GC-MS and HPLC showed that
there was no change in the type of chemical components before and after processing, but the content of chemical components changed.
The volatile contents of hinesol, B-eudesmol, a-bisabolol and atractylone decreased significantly (P < 0.05) and the content of most
esters increased after processing. Maybe it related to “processing reduced the dryness”. At the genus level, high-throughput sequencing
results showed that the fungal community structure of AC group was similar to the model group, and the AC prepared by rice water
was closer to the blank group, indicating that AC processed by rice water could regulate spleen deficiency diarrhea caused by RRR,

and the regulation ability of intestinal fungal flora was better than the raw products. Pearson correlation analysis showed that some
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fungal groups were correlated with the content of active ingredients. There was a significantly positive correlation between

Filobasidium sp., Alternaria sp. and atractylenolide II content, the correlation with atractylone content was significantly negative.

Conclusion There were differences in chemical composition content of AC with rice water before and after processing. Among them,

hinesol, f-eudesmol and atractylone were closely related to AC desiccation and treating spleen deficiency and diarrhea diseases. And

the regulation ability of intestinal fungi in the model rats with AC processed by rice water was better than that raw products of AC. The

results can provide theoretical reference for expanding the clinical application of rice water processed AC.

Key words: Atractylodes chinensis (DC.) Koidz.; rice water processing; intestinal flora; GC-MS; HPLC; spleen deficiency diarrhea;

high-throughput sequencing technology on ITS; hinesol; -eudesmol; a-bisabolol; atractylone; processing reduced dryness; fungus;

Filobasidium sp.; Alternaria sp.; atractylenolide 11
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NERE EAREIA B-i B S48 R AR 43R
B RAER OIS, BB AiE. ik
SRR, AL B A A M 7V BRI
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R PRI B S = AR A I RE A, X 22 R R S Ak
22T HEAT Pearson AHICME T, SIS O -TE
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IK &R AR AR B AE A0 TS AR K T A 3
o, Ff, W, HEA—2&R, BN 1.25%:;
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HEF—EEK, 55N 0.80%; S KHKMH]G
FER MG R AL ARIE R MAF R KT 36%. BF
PEFHRI I E AL REESEITF2N 34.8%, KIHK
I EAREEIRMISHEN 29.3%, LK KM H] )5 B
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KH GC-MS W 77245 244 K i L B2 15
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R BRI MR, 0.22 pum JEL R 5 B A4 & ke
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222 FERIMEER SIS ZMG BN Rix-S
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He (99.999%); AR E A 1 mL/min; #EFE MR E
250 ‘C; HBNBERE; WIGEHEETY 30 °C, 4EFF 1
min, Ll 15 C/min FHRZ 150 C, FHLL 2 ‘C/min
FH2 200 C, 4EFF 2 min, fHJ5LL 20 C/min F+ &
280 C, #E¥F 10 min.

JRHEAE A Bl &7k, HESRER 70eV, &
FURERE 230 °C, BIEE 280 °C, HHiH E L]
m/z 20~500. EFIVIERITE] 5 min, JFLEESE 5.0
min, £5 M A 50.0 min.
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A-volatile oil from A4. chinensis B-volatile oil from A. chinensis with rice water processing
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Fig. 1 Total ion chromatograms of volatile oil from 4. chinensis with rice water before and after processing
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Table1 Composition changes of volatile oils before and after rice water processing of A. chinensis by GC-MS

o _ N N HHAS B 5%

WS wmin TR “ IR OKIKRIEER

1 739 CioHis o-JR M 0.49 2.84
2 821 CioHis RIR[3,1,0] E-2-45,2- H 3 -5-(1-F 3 2. 3) 0.64 4.30
3 8.29 CioHis 3-E8 I 0.15 0.84
4 844 CioHu  APFHNEEHZK 0.11 0.60
5 8.51 CioHis KUI[3,1,0] 4T, 4-T0 3 1-(1-FE 2 2, 38) 0.12 0.65
6 8.64 CioHis o~ 0.05 0.52
7 9.16 CioHis W, 1-H3-4-(1-HF 3T 25) 0.10 0.44
8 9.57 CioHisO  1-HF-4-(1-F 3 2. 38)-2-3F O - 1-F% 0.04 0.09
9 9.77 CioHisO  4-HF-1-(1-F 3 2.35)-3-3F O f5-1-F% 0.03 0.07
10 11.00 CuHisO  #,1-FEHE-4-FIE-2-(1-F 3t 2 E) 0.06 0.19
11 1116 CisHnO 9+ Il 0.05 0.04
12 11.84 CiHu0  FHFHFH 0.03 0.08
13 1212 CnH20: +—WRIGER 0.07 0.16
14 1246 CisH20  1,2,3,4,5,6-N8-1,1,5,5-V0 H -2 4a-F B 25 7(4al]) 0.14 0.40
15 12.87 CisHas KA TG M-(V4) 0.68 1.53
16 13.10 Ci2Hx0: ZEREM B 0.43 0.75
17 1322 CuH03  (2)-1-Z8Wi-4-W5-1- 1 JE B IR T i 0.16 0.10
18 13.56  CisHa modephene 2.79 7.57
19 13.68 CisHa berkheyaradulene 2.23 4.34
20 13.95 CisHa cyperene 0.18 0.21
21  14.15 CisHos B-F 4 1.48 3.74
22 1430 CisHos B-F T I 1.52 4.49
23 15.04 CuwHis  o-ATTHE 0.72 1.60
24 1546 CisHas 4a,8- T HIIED-(1-HHE 207 55)-1,2,3,4,4a,5,6,7- )\ E 2% 1.82 2.78
25  15.86 CisHu B-A% s 5.66 2.28
26 1650 CisHos B35 212 it s 2.17 453
27  17.05 CisHos (4aR,8aS)-4a-F 3:-1-0 FF BE-7-(P Je-2- 0 e 228 ) = 2% 1.53 1.95
28 1729  CisH260  hedycaryol 1.48 1.26
29 1775 CisHas KRS I 4.58 8.93
30 19.87 CisHaxO  epi-y-Fiei i 1.71 1.41
31 2020 CisHsO  FAEE 7.37 5.08
32 2085 CisHuO  B-Aif i 21.61 13.95
33 2092 CisHo00  BEARFE 4.29 2.02
34 2106 CisHxO TFHFMH 1.37 1.55
35 2139 CisHxO  a-ZLZ53% 0% 1.77 0.76
36 2158 CisHuO 1 4-HF L& E-70H)-—,)\&-1,5,5,8a- 1 F 3 0.14 0.22
37 2198 CiHwN2  4-2K ZJEmA R 2.35 4.84
38 22,65 CisHuO BT Ml 0.65 0.73
39 2333 CisH»O (4aR,5S5)-4a,5- ~HHE-3-(1-F LT 2.3£)-4,5,6,7,8-/NE-2(3H) 2 R 1.14 1.88
40 2481 Ci3HioO  23-"4A-1H-E NS H-1-B 24.49 6.97
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BB amin TR . AT B /%

AAE AR KK HIFE AR

41 2979 Ci7H2602 (E)-2-[(8R,8aS)-8,8a- - F3E-3 4,678 8a- NEAZE-2(1H)-W | 2 AKE  0.40 0.34
42 30.15 Ci7H2602 (E,Z)-4 5k i B 53 R B2 i 0.48 0.30
43 3095 CisH20  4,59,10- & 57 & 250 0.18 0.11
44 33.60 CicHis0 (R)-4,4a,5,6,7,8-/N % -4ap- 2523 H)-HR 0.23 0.63
45 3413 CisHisO2 2,4,6-3 P =J5-1-,2- 58 F-5-(3- H FE-2- T )i 3k)-4-(1- 2 245 38) 0.28 0.07
46 3428 CieHn  44-"HH-22- " HEWI COIH-3,3- 0% 0.34 0.23
47 3495 CisHigO 3.,5.8a-—H %:-4,4a,8a,9-PU A 25 F£[2,3-b] Wk 1.34 0.77
48 36.09 CisHix  1-Q2-Midd)ZE 0.09 0.24
49 3755 CiHiO: 2-ZFh%E-1-TUEZEH 0.20 0.48
50 3849 CisHasO2 2-(3,7-H3E-2,6-F —Mi-1-3%)-1,4- A FOR 0.08 0.15

(7.57%) o SAILEAR LI, M5 B & 48 R )
2B TR TR, (HEAX S EA . H
KV K1) 5 R 2 AR BT BRI P R
2.3- A -H-RHEIR-1-0 (17.52%)+ B-Fi M-
(7.66%) P-F&HH (3.37%) ZFAREE (2.29%) FlI
AR (2.26%); KIH KM G B AR & & B
W P 42 K4 modephene (4.77%). KR 7 M- Id
(4.35%)+ XIA[3,1,0] C-2-0,2-F FE-5-(1-F 3 2. 3%)
(3.66%) B-FTTHE (2.96%) Fll 4-ZK £ ) FE kg2
(2.49%).

2.2.4 IRV SAMHEEXME AN Rx-S
FBAER (30mX0.32mm, 0.25um); AL
He (99.999%); #FmE N 1 mL/min; #EFF R
250 ‘C; HEBNGREERE: VIMGAE N 60 C, BL1S
"C/min THEZ 280 ‘C, #ifF 5 min.

A Bl Bk, MESHER 70eV, &

TR 250 C, B2 250 C, HH R
m/z 30~500, IEFIVIBRITE] 4 min, FFURETIE 4.0
min, %53R1E] 20.0 min.
225 FEERYIBS T BERYSETREWE 2
Fi7s o ABEAKIH 7K M HI 1T e BESE Y 3L R LA 30
iR oy, ZoNERIS. BRI REE, 450 NER
2. ] EAE AL AR BESR ) A & R S R A 4-
R OIFIEMEEE (17.18%) B-A%TEE (11.49%) F 3-
FH 3 -4- 5 TR ) (10.86% )5 SKIH /Kl b4 AR R $2
YA S BB AR 5,8,11,14-48 4 DY AR IR
(19.73%) 2-FHFEERTE (18.70%) Fl 4-ZK £ 45 eIk
B (11.94%).

AL AREE R LR, SRR RS
W Z G PR FE ARV A LAY, B FHARX & 26 Tk

A o A ORIH K JE o AR T B P AR 1)
A 3-HREA-FHNEEE (10.72%) B-Ai M B
(10.66%)+ 4-(2,4,4-=HIHEIAD-1,5- M5 FE)-3- T #i-
2-F (5.66%) Fl 4-F 2 JRFHEWAE (5.24%); KiHK
il J5 o AR & B IR RCRI A 5,8,11,14-4%
AVIIEER (19.65%) 2-FHFEEER (16.16%) N-[24-
AR-30,70,120- = (= F ZE Ak 41 2 )-5B- i 28 i -24-
FEIHZRRF B (8.13%),
2.3 EF HPLC NEZE %M MRERIIKR T Z
FIF “2.17 TR 75 &4 R 0. B 60 mg ¥
ROMFE SN 10 mL FE RV R, BPAS4E 3 HPLC #¢
ds A “2.17 TR kG S B, 2 40 CUR
R4 100 mL, HUE SR 46 8 RIS B2 329
HPLC F it FEEMICE AR MBS 0. B-F2HBE. A
. AEXESEE, BETR—-&+,
TAARH R IR 420N 10.1. 33.0. 44.0. 53.4
pg/mL RGO IR A, & . iRt H A
TR F I 2 PE 7 A0, ff 2418 Eclipse
XDB-Cis (250 mmX 4.6 mm, 5um) i, PL4
J16-0.2% B ER /K BN TR N AH , B FEBEME: 0~3 min,
55%Z. M 3~20 min, 55%~60%Z.ff§; 20~35 min,
60%~65% i 35~55 min, 65%~85%ZJE: 55~
60 min, 85%~95%Z. M, R34 208 nm
CHARMNES 1. p-#%HEE, 0~28min). 340nm (%%
ARZ, 28~45min). 220 nm (EAEH, 45~60 min);
AR 1 mL/min, FEiE 32 C; #FEE 15ul.
WL 3. fR4E HPLC Wik, BRf 4 MEER
e Lo B R, R RAEE T (0 1D, B-F%
HEE (I 2), BARE (g 3). BRI (g4, HE
3 AH, ZKTHAKME G, 4 R s YA AN TR R B
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A-ethanol extract from 4. chinensis B-ethanol extract from A. chinensis with rice water processing
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Fig.2 Total ion chromatograms of ethanol extract from A. chinensis with rice water before and after processing

%, SEICEARIE KM, KIHKH b AR R
IR AR NS T ARG AR 5o &
2.4 XREEME KR IFEEEEA AR
240 FEACRE BB HT O OK BRI RS
BPL BENL N 4 H, B e K, ol HadA
(KB). fMAH (MXD. AJbEARA (SCH. KiHK
FAETEARA (MC), B2 Ad, HREHYTFIEE,
L 10d. EHLENR G, LG ARAEAFNKIH KR I
ARH a2 & 756 mg/mL Fl &2V, ig 44T
W25 (10 mL/kg), 1//d, #E4:7d. A ig
T EAEE K, W 17 d.

KRR IG5 17 R F 8:00 IEH ig(#2
AT 12 h SRR E TR, RikgGg)E 12
h 22 AZEK, HJGH EP B8R BUHTEF 0, 10
HE TWRATAH, SHEFEE T-80 CUKFE
ORI
242 FiEAELS M Mass Hunter TAER S,
NIST11 1% & E Agilent A $#Eft. RH
Microsoft Office 2016 4T ##f 4L BE, K H SPSS 21.0
VA3 AT BRI 2R T Z 0 AT A Pearson AHZGHE 3T,

B o

H R EH BN #EZE (least significance
difference, LSD) 3%, Pearson AH SV 7 #r A
Pearson #5456, LA P<<0.05 RBREFAHRITFE L
FIF Origin 2021 %Xt B oy - B BFAEAR G HE
2.4.3  A[FIZH T8 B 7 KA 57T (operational
taxonomic units, OTU) /K74 BN FEALIE
O 3 AN IET DNA IHMEL, A2 et
R e J 51 vt AL E I K AR A BR A F] 58
B HFE 4 A0, ZEp@sElly o4 At (FE
M, BRA, AJeEmARA. KIHKRIEEARLD 1Y
12 43 iyl S it o LAar ) 30 EL B 1TS A 207 %)
41 354 >, FIKEN 588.0 bp. 7E 97.0%HIAHALL
FEKF R HEAT OTUs 238, 3R45 1034 4> OTU. M
ANFIAR R R MR 2R T 0, OTU HhZe i3 [l
NP R A G s I BTG LRI, R
HRAF T 5 55 T 90%, U AHI 5T 7 4L
e, SRILE 4.

2.4.4 AFEEGNGELEERSEWRE feiEE
W, 4 DAFEGEA 12 ST ImEEREET 8
1129 49 69 H 135 £} 243 J& 386 Fh. tlE 5-A 7]
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Table 2 Composition changes of ethanol extract before and after price water rocessing of A. chinensis by GC-MS

W5 m/min - 4T 2 USEE L
AJETEAR KIHAKHIAEEA
1 10.31 CioH300sSis #5153 — FAERES R 1.68 0.13
2 11.74 C27H40s4 2-[3- LA IE-4,4,14- — I BE I £ - 8- 45 - 17- I | N R 0.12 0.82
3 11.95 CieHs007Sis 75 3L\ EUbT 0.06 1.96
4 12.09 C1H140 I 2.27 0.49
5 12.34 CiH1sO 3- B4 TN 2R 10.86 0.14
6 13.22 CisH240: 5,8, 1Ll — Bz B g 0.04 1.37
7 14.17 CisH52078i7 S TA £ T.(= A 58 Bk 4.44 0.10
8 15.13 CxHsaOs  AHES-22-4%-21-1%,3,5- M A6~ FH AL 60T KR 0.20 3.34
9 15.69 Ci6HagOsSis | 7NFrdEdh J\hEA bt 3.95 0.30
10 15.87 CisH260 o NI 1.32 0.44
11 16.00 CisH260 B-A% 11.49 0.83
12 16.11 CisH260 RAR by di s 1.12 0.17
13 1628 C12HoNOz  2-FFEIEHE 2.54 18.70
14 16.46 C3sHeoNOsSis N-[24-FA8-30, 70,120 = (= H IR S I )-58- B SR i -24- 9 H- 2 1% P g 0.51 8.63
15 16.86 Ci2HioN2 4-2R Lk mk g 17.18 11.94
16 16.99 C14Ha206Si7 1,1,3,3,5,5,7,7,9,9,11,11,13,13-+PY A He-ERES 5 3.81 0.04
17 17.60 C20H2402  5,8,11,14-46/F UJGHIR 0.09 19.73
18 17.80 Ci7H302  AEAHER H I 2.52 1.73
19 18.14 Ci2H3s0sSis 1+ = FHASLHEA ST 3.31 0.13
20 1835 CaoH2s0s i 3.47 3.09
21 18.72 C20HasOeSiz -LHEHKE-1,1,3,3,5,5,7,9,9,11,11,13,13-+ U FE Jk-1 -2 3% 0.24 7.60
22 18.84 Ci7Hi50s 2- 2. F-8-F 3 -4- S ANXUIA[9.3. 1] FbR-1(14),8,11-=4%-3,13,15- i 2.13 0.76
23 18.92 Ci3His0 4-24A4-=HIIFC-1,5- T W5FE)-3-T Hi-2-FH 5.97 0.31
24 19.00 CisHis02  2-J23E-5-(3-HE-2- T I dik)-4-(1-F 5k 2075 58)-2,4,6- 3 B 4 - 1- B 5.37 0.31
25 19.11 CioH3402 7,10+ )\ 475 F B 5.69 7.41
26 19.20 Ci17H240 2-[4-F H£-6-(2,6,6- — HEL IR CU-1-0i 35)75-1,3,5- @ A O-1-46-1-H - 3.01 420
27 19.26 CieHasO6Si7 T 7NKkedk-LHEA ST 2.04 0.06
28 19.39 Ci2H1202 16-F2 3 BOK R 2.83 2.68
29 19.61 C26H360s (1aR)-1a0,1bpB,4,4apB,5,7a0,7b,8,9,9a- & -3- 52 H JE-1,1,6,8a- VU FH IE-1H-  0.35 1.54
IRTRE[3,4) 8 HF[1,2-e]azulene-5B, 7ba, 9B, 9aa- VU S Bk NH-5,9,9a- = Z, FR ik
30 19.78 CisHa60: 2-(3,7- W 3E-2,6-3 —Jf-1-3E)-1,4- — A IEE 1.39 1.06

L, ANFEACBEA P IE AR WA R E R, 1
BFE 10 MEABERE, 70 858 Aspergillus sp.
BRI )E Fusarium sp.. FiHYJE Cladosporium sp.«
MU JE Acremonium sp.. 1 EF]KEELE
Debaryomyces sp.~ #f%EJ& Mortierella sp.. £k
I BEE Filobasidium sp. HEk&TRE Alternaria sp.-
W JE Wallemia sp.. E7CH & Chaetomium sp..
& 5-B ilAl, S5 EAM, BIAH R EAR

W, Aspergillus sp.F! Wallemia sp. 5. b AT FE i
E K (P<0.05), Fusarium sp. 3522 HAR 12
5 (P<0.05); A£JbEARHAF Acremonium sp. B i
7 (8.88%), EMRAIAIK 1.92 15, Mortierella sp. B
1 i E PRI 38.18% (P<<0.05); SRIRIAIMIEL, K
THAKHIAEE AR AR N Debaryomyces sp. B,
Acremonium sp. 1 Alternaria sp.3L1H 7 3BT 20
B FEFK 20.20%. 12.39% (P<<0.05), Aspergillus
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L-ARNBE I 2-p-A5HEE 3-RE  4-GAM
1-atractylodes II  2-B-cineole 3-atractylodes 4-atractone
B3 BAMBRER A £BARELH B) MELE
AREZRY) (C) B HPLC
Fig. 3 HPLC of mixed reference substances solution (A),
volatile oil from A. chinensis (B), and ethanol extract from A.

chinensis (C)

# 3 HPLCENELBARNKHHIRIGIE L MBI R
DR (n=4)
Table 3 Analysis on components of volatile oil and ethanol
extract from A. chinensis with rice water before and after
processing by HPLC (n =4)

Fedh FRRE BBIRL ks wAm

11/% %

LA K i 0.004 3* 0.3578" 0418 6" 0.020 0*
KK HHEEARIE R I 0.003 8% 0.176 07 0.371 27# 0,003 7**#
EIEARERY) 0.1315" 02548 0.8086" 0.2886"
KK HHEE AREEIRYD 0.086 674 0.141 17 0.504 97# 0,074 7"

HHEJEEARIE MR "P<0.01; 5AACGREHRYILLEL ¥P<
0.01

P <0.01 vs volatile oil from A. chinensis; *P <0.01 vs ethanol extract

from A. chinensis

*4 FEAHERMFHER OTU ZH 794 (Xts,n=3)
Table 4 Sequencing data and OTU statistical analysis of
different groups (X s, n=3)

HTF PR ARFS] OUT
415 %
5 51K I FIKIE S BRI

=H 12567 12508 607 99.54 237
Y] 9938 9813 577 98.39 418
HEAEEAR 9191 9143 585 99.17 426

KIHKHIAEE AR 9989 9889 583 99.00 301

400+
— KBI1
KB2
— KB3
300 — MC1
— MC3
MX1
MX2
MX3
SC1
— SC2
— SC3

0 ‘ 2000 4000 ‘ 6000
VIV €4

4 FHEhZ

Fig. 4 Dilution curve

sp.fl Wallemia sp. LB AHN F£E R ZE & (P<
0.05),
2.4.5  AN[FZH N P iE R 2 R A

(Do ZRAET: 5 EHMEL, HR4H ACE
188t 17 22.0%, Shannon F5%UF1 Simpson F5%L
B E S (P<0.01), 427 4 1.24 £5H0
1.6 i, VUGG FEG R, 2RI
o SEA A A L, A2 Jb AR ACE $540F1 Simpson
Bk, WAL CARHAEFEREZ TS FEE
FEE R, KV KA AR ZH Shannon $8 %805 K, 2 20
MM LR ENEER, WK S,

(2) B ZHFEMESHT: 24T Abund Jaccard #H &5
%, 13RI T BRI 12 43 i S AR L R AT
X EE (UPGMAD BRI I 6 mlHl, =
HAHFRILA M M58 Aspergillus sp., %I
JE AR rp 3= B2 ] R FEAIK (P<<0.05), AEJLAEARFN
KIHKH AL AR Re [FHH B, HoRH/KHIAE
CARANERML T AT ARH . KT8 JE Acremonium
sp. HE F GG FERE & (P<0.05), 5
BRI, AJEEARAFFERERARNAE, ZKIHK
AL EARIBIT G, B EEFEHEREK (P<
0.05), 57 FLE /K- EL B & S AL, 15 9
KT A I A6 A A A Tt g 2 v PR 4tV F e T AR
bR FEREAKT ERAT, AL ARHLER
WAt SRR AREL, TRV K b AR R
TEEH, UK AEEE AR BRI S Bk
KRR REYS , T T S B B R ) R A R 00T
AR
24.6 4 PR S R BEE A A
F1 SPSS 21.0 #RAFACBEEHE, 2 57 i H R o
FXTEEERT 10 HIOLH RS HPLC W&/ 4 Fg
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W dlternaria unclassified_Agaricomycetes ~ —1
o 60 Hannaella
@ 9 Filobasidium Vishniacozyma I_2
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A was species distribution at genus level, B was heat map of species abundance clustering at genus level

El5 RBKFLEAREMEERERZOMIMAREER

Fig. 5 Species composition and abundance of intestinal fungal communities in different groups at genus level

R5 o ZHMIERSGITER (X+s,n=3)

Table 5 Statistical table of a diversity index (X £ S, n=3)

ZH 5 ACE $8% Chao 1 8% Shannon 8% Simpson 8%
=H 251.611+18.843 250.168 +£22.259 0.795+0.069 4.401+0.467
it 306.866 +78.950 306.132+77.189 0.983+0.005" 7.043+0.366"
AEIEEAR 320.408 +77.297 320.545+74.759 0.9860.002 7.198+0.290
KKl AE A 293.490+0.273 302.778 £6.185 0.988+0.002 7.11940.138

5 Agtig: P<0.01
**P <0.01 vs blank group
AL I3 FE IO AR P ST
_E Mx3 [l WHTE [ ] . unclassified
MX1 I Bl W [ ] others
——Mx2 D e Wl Cicccomim
Wallemia
—E SC3 H BNl ' | - Alternaria
SC1 Bl | I Filobasidium
L —sc2 e —— e W oricretc
Debaryomyces
KB3 I L - . Acremonium
KBI I W | Cladosporium
KB2 1 [ I . Fusarium
MC3 E mE m Arersiles
FMcz H NN ||
MC1 H HE .
B KB B MX W SC MC
Ee6 ETEKFEHNFEEREEZM UPGMA FIKXHR

Fig. 6 UPGMA tree relationship of intestinal fungal community based on genus level
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5 &I Pearson AHICTEHT, 18 HIAH M R
(P<<0.05), 20k ot e HAH R RECERERE], 40 #r
5510 R S AR A A S E R iE L . ] 7-A,
@K b, EB B S KV KA AR T 4 Bk sy
EEALEAR RN, KA, Filobasidium sp. F1 Alternaria
sp. HL -5 AR 1T & 8835 15K (P<0.05),

A
SENE

B s [

H5EARM G EEF MR (P<0.05), [,
Filobasidium sp. ¥LF 5 B-FMBE R GEAR R & B AR
FEIEAHSG . Wi 7-B, AHXTFFERT 10 LA RE S
AT AR T 4 Pl & & R FE A AR A O,
Debaryomyces sp. B b8 - 5AHEIE R HARNE 1T A%
e BRI, HEARER s B U G

~e900 eee0O0eIg " R
pitt|or -~ QOO QOGO ® O , oot c00000

o v @ OO0 OO OO0 06 EAR o 00000

sty I ¥ X X X X X ﬁiﬁﬂ - o
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AR (XX X=X ]
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HingE [ 0838 0916 0710 -0, 0.918 0916 0811 0875 1000 . THAE R | 0007 0878 0017 1980 D955 1000 -0.996 0,995 0.999 0985 1.000 .
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ok #¢ B M M ME ME BE ME ME M RE =gk He B ODE MR DS DR BT DR QR QT ME
BHoE KK W OE S W e 2O o K K W R 2 B W b 2O R
B WP E R EB2E & @& B iR 0 E R EE #8288 3R
< = WO OB oW P W £ Z O = R = o e ow
Rung B puns = B

= j=8} ks
A JPKIHRBIEEAR B RNERER "P<0.05 "P<0.01
A was A. chinensis with rice water processing B was 4. chinensis "P<0.05 *P<0.01
7 HEXRBIEMEE
Fig. 7 Correlation coefficient matrix diagram
3 e S 5 2 R BRI B -1 25 W B AR A %

BRI IRTE BBk fEis . AR B sE 2 F A
RO, Kk, AR b h T a2,
HREGRIHAN R/ RS, FEIRTS IR
TR AN AR LA 0315), AR IR ST AR
AIE T, B ORI R AR K b AR
W BRI A R it O R TV TR KBRS R SR
(ELAE FIRL i AN A O). BIACHIE FU 2 W 24535 1k Al
g~ AR TS E A YA EAE I BLA BR ST
RBOR,  ABEE T AR P ) RESN R B iR Ay
T ANEE LIRSS, 2% RO R L 4 1 i
A B G, e A, Y E ipissh
Wy 2RI RS . H AT, BIERE SR
ST EYw, R TR, i R
YERF B A AT R EEAE . Bk, W
Jo L 5 2453 P B R T8 ) 9% ZR o N
R EERE .

AR R 2B, ORIVH KM AT 25 B A i
SriRE, DAREARZG M Stz P, 1 i LR o 4
FI8, GC-MS S5 5R B, AKIH KM il J5 $2 5 JH AE
RV SRR, LSRR 1 7 5 B

KOS B gD, AR M e 22 s 28 i 4y
RN, b, R AR AR R R A
Al 47.1%, VRS ARE R IE ARy 2 —, X
SRBZiM AR “ORmapE, SR s —
O, ghAh, b AR 2K 3 B AR R 2
BAREMGLGERARNE . AR EE. AR
%o {H GC-MS EMIE AR (FREZGH) 2020 4
FRFE & B e B AR L AR NEE 1T 25K
g5, AN S A6 AR M FE T V2 A 2
NIAIEX 5548, SRFH HPLC W 58 AH R 32 B
A IR, AR AR 4 P YRR
Hor, A AR R BT ORI, B
Ry B R R R A3 i, I U i AR
PAFEE A 5 RAE BRI R 364, S EUR 23
MRy (MRS AR, MK SRR
FERGE PR BOER T R O S R
FHERME SR, FHE, BRIEHEELmSE
% NF&, {H HPLC nl Il @ i Py AR R I & i,
BE— 2GR “ DAL 2 h ” S R, BEIA
FIPRERE N, ARESE MRS & B R,
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T A AN PR IT B LR

FHXT T e, HEHEAET D, BHRiE—
B UE S 2 AR A HAG I PR S FH 1 SR 2 A hr 9 B
Sac-charomyce boulardii®, 1TS 1518 &l 7 45 $
PR, AR GIE LR E R, 10 ML
wAE R . R Y L TE w2,
B 8 FAE S AV FOR T /K A6 AR ZH = B e
GRS R B R ER N, AJEEARFIK
THZK B AR I ReHI I 8 ) o 8 B v PE . Jbm AR
P AR M TS0 1 S5 AR T A 5 AR 2R AT 4]
BRI Fusariium sp/EX, FFHXTRAGR IR F
oxysporum- J& JZ 8k JJ B F. solani 2595 50 g 01 /5
B 124, B A AR B AN R 21 AT REAE TS P IR H
J7 A EEAEA.

o M B RS REN], GG EEDF S
FEYER, ZREMEARAGIA N, X STE RGEVE N
&5 R b T Aer I B BT T A 2 A R T s
L AAZS-261, i K H 7K i b AR 2H 3 TR A v 4 ) B
Bn T A, UK ZK SRS AR B R R T
HMT IR,

T8I i S S TE R A S E b, R
SRR T BF e ANV EE RS 18 EL T 5 R Y R TN AR
FEMNRREEMEX, HARNE I 58NS &
W3 AAAHOG, aE— IR B R IR 1T 56 AR o]
FHE AN . B-F I BEAIE S0 15 18 BIHLRE A XA
WATTERET, ek bEE S B-fi i B A7 7E IEAH
I, HE— 2B Ut B R VE K i) A6 A A R R R A
S5 EARNEE . AW B-Fe B A G

g5 b, ARSI AL AKIH KM T S A R
Gy AT IRTT, I FH MR V5 A 20 K B ) S
FE AR T8 SR A O 73 i, 9T R I AL A ARKIH
KM SRS ER R T, AR S5 o AH G
g RAPRATE Y B 3G 52 5 B~ - T AN AR A 0 55 Bl
SO, 2R R R R AV EEAK R L T Re S NE
B A EAEH, BRI —B Rk, TERE
TE A5 % P (AL AH G R0 78 AR
B a8 LR T RE RO N — MR ARG, AT
B I TEREAS R V8 AE AT 2 L B AT 98 Al PR
MRS AR .
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