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Abstract: Objective Optimizing the pure strain fermentation process of Baiyaojian to achieve stable and controllable quality of
Baiyaojian and ensure safe and effective clinical application, and provide technical support for national and local processing standards.
Methods Collecting Rhizopus koji, Baoshan koji, Traditional Chinese Medicine special koji, Sweet Potato koji, and Angel koji. Using
the above five types of koji to ferment Baiyaojian, selecting the best fermented koji based on the appearance characteristics and gallic
acid content of Baiyaojian. Isolating the dominant fermentation strains from the screened koji, and identifying the strains by using
microscopic morphology and molecular biology methods. Using Lo(3%) orthogonal design, fermentation temperature, fermentation
time, and strain inoculation amount were used as factors, the contents of gallic acid, (—)-epigallocatechin, methyl gallate, 2,4,6-tria-O-
galloyl-a-D-glucose, 2,4,6-tria-O-galloyl-p-D-glucose in Baiyaojian were used as the evaluation indicator, and principal component
analysis (PCA) was used to comprehensively evaluate these five components, the calculated total factor score (F) was used as the
comprehensive indicator to optimize the pure strain fermentation process of Baiyaojian. Results The content of gallic acid in
Baiyaojian fermented with five types of koji was 14.41%, 13.73%, 9.41%, 9.78%, and 7.16%, respectively. The Baiyaojian fermented
by Rhizopus koji had white hyphae on its surface, which was closest to the traditional fermentation Baiyaojian in terms of properties.
One strain was isolated from Rhizopus koji, with no septa in the hyphae but branching and pseudoroots. The top of the hyphae had a
sporangium, which was approximately spherical in shape, and the spores were spherical or nearly spherical in shape. The sequencing
results were compared with the effectively published strain sequences in the GenBank database through BLAST, combined with
traditional morphological and molecular biological identification, and the final identification result was Rhizopus oryzae. The optimal
process for Baiyaojian of Rhizopus oryzae fermentation was as follows: 100 g of gallnut powder, 10 g of green tea leaves added, 15
times the amount of distilled water added to the tea leaves and boiled for 20 min, boiled three times, filtered, combined with the filtrate,
and the filtrate concentrated to about 100 mL. Mixing tea residue, an appropriate amount of tea juice, and gallnut powder evenly to
make a soft material, with a water content of about 45%. Sterilizing the material in a high-pressure steam sterilization pot at 115 ‘C for
30 min and letting it cool for later use. Inoculating the sterilized soft material with a mass fraction of 9% concentration of 1 x 108-mL™!
suspension of Rhizopus oryzae spores, which was fermented for 52 h at a temperature of 34 ‘C and humidity of 85%, and then removed
and dried. The contents of five components gallic acid, (—)-epigallocatechin, methyl gallate, 2,4,6-tria-O-galloyl-a-D-glucose, 2.,4,6-
tria-O-galloyl-B-D-glucose were high. Conclusion The fermentation process of Baiyaojian by Rhizopus oryzae is stable, which can
provide a basis and guidance for the standardized production of Baiyaojian by pure fermentation.
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Table 1 Gallic acid content and appearance characteristics in Baiyaojian fermented with different types of koji

FmmsS WM FERAEmg K5/% BETFRY% LADINERIS
Y1 R ith 200.9 4.8 14.41 KMEKARE2 A AREE
Y2 5 L 200.2 6.1 13.73 BEMERMEKLBAGBRE, Kbk, RAbaR6efmT
Y3 24 200.6 47 9.41 WYRBN, AERE, A6
Y4 AN AT 200.6 45 9.78 v R 22 S AT O R T
Y5 22 BT 200.2 72 7.16 LKA AR, MR, KA bEROMHRT
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Fig.1 Observation photos of front and back of strain plate

colonies
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Fig. 2 Microscopic morphology photos of strain (10 x 10)
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KRB Rhizopus oryzae, %N BYJ.G-1. 2550
3.
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BYJ.G-118S rRNA gene partial sequence from TYPE material

AY054696.1 Amylomyces rouxii SDM-2318Sribosomal RNA gene partal sequence

G062621.1Rhizopus arthizus CBS112.0718SRNAgenepatialsequencefom TYPEmaterial

AY228093.1 Amylomyces rouxii SDM2918S ribosomal RNA genepartial sequence

KC670724.1 Uncultured fungus clone nco39¢05¢118S ribosomal RNA gene partial sequence

KC670760.1 Uncultured fungus clone nco39f05c118S ribosomal RNA gene partial sequence:

KC670553.1 Uncultured fungus clone nco37d09c118Sribosomal RNA gene partial sequence

L KC670601.1 Uncultured fungus clone nco37h10c118S ribosomal RNA gene partial sequence

0.01

B3 BYJG-1 EMAZLEN
Fig. 3 BYJ.G-1 strain phylogenetic tree
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Fig.4 Growth curve of strain
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oM. ) RI7E 284 30, 32 34 C, FXHEE 85%
PIZAE T K% 48 h, SR MK 3. 1530 CHEM,
HAARPEE TR R, & 41.00%.

(3) AFEWEFEZEMEN TATPEETREE
FISEIE : 20 BN I0 5% 7% 9% 11% B A, 76 30 C.
FHXTIRFE 85%I %A1 T k¥ 48 h, S5H %K 4,
PR 9%, WEB TR EERE, 14 41.40%.
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(1) Bk fF: BiHh Waters Symmmetry

+=2 ARELZENEXNEARTERTFIRESEMFM
Table 2 Effect of different fermentation time on content of

gallic acid in Baiyaojian

R E/M KSR /Mg K% RETRR%

0 200.1 7.4 5.24
12 200.6 9.7 6.93
24 200.3 7.9 10.69
36 200.7 8.8 12.86
48 200.9 8.7 13.39
60 200.9 7.1 13.25
72 200.2 7.5 12.16

R3 TEAEREENBHRPRE FERSENTIT
Table 3 Effect of different fermentation temperatures on

content of gallic acid in Baiyaojian

REERE/C MR EmMmg K%  HETERY%
28 200.6 6.4 38.13
30 200.4 49 41.00
32 200.6 43 32.62
34 200.6 52 35.12

#z 4 TREBEMEMENEARTERTFIRSEMFI
Table 4 Effect of different inoculation amounts of strains

on content of gallic acid in Baiyaojian

FREERE % FERBUR/mg K% B TER%
5 200.8 7.2 22.92
7 200.6 6.8 25.87
9 200.7 4.1 41.40
11 200.9 6.8 24.23

Shield™ RP;s % (250 mmX 4.6 mm, 5 um); iz
TR CHE-01% =5 LIRS, BREESEML: 0~40
min, 10%~16%Z.Ji5; 40~41 min, 16%~18%Z./i:
41~55min, 18%~19%ZfiE; 55~75min, 19%~
24%Z. i 75~90 min, 24%~10%Z.JiE: AR E
0.8 mL/min; il K 280 nm; F#EiF 30 ‘C; HEFE
6 uL.

(2) BRI 25 FE 2R EL AL B PR 1
HZ5RRES G 4 565 02 g, B 100 mL R0
o, R IONHEE S0mL, FREiE, E 2h, @
FEPEE 40 min, A 30 min, MRS R, JE
i, EEEBEV, 3T 0.22 pm PRSLIERE, BRASALRE
M

(3) IREX ISR I H % KPR BT
TR lEXT R 5.13 mg, BT SmL &+, MR
ERBZE, $B5), SR EWREN 1.026 mg/mL
I T IR H R RV . SR BRI BT IR
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XTRESL 7.64 mg, (H)-REETILFRRMNES 5.29
mg, TGoG. TGBG XM 7% 2.15mg, FHHEHFLHL
IR TR PR AW 0.5 mL, BETF—S5
mL B, IHEE R BZIE, B8, (ERRER
BT 1. RS RS EL | mL VR A X R Sy 1 BT
5. 10mL &, MHEEAERZE, %, fFA
TRAXTHR SRR 2+ 35 MIRA XTI AIAWE 2 =
FHC1 mL BT SmL &, [FEEE, RS
STHRRIEIR 45 MIREXTHR A 3 R RI 1
mL BT SmL &IEH, [ EE, 1ERREX 5
TS, i R BT SR P (VR A o) Tl VA

(4) LMK RFELE: kS EWIRY i &k
VR AT B A 6 pl, TE AR IEAY, %
“23.4 (1”7 BUN G FAIE, DA AR
X0, WEHBURAALTS (V), ShilbrEhsk, 1728
PEEDE, FEIETTHE: WE TR Y=3 142 774 X+
133903, R*=0.9999, ZM:iilH 98.3~7 962.6 ng:
()-REETILEZE Y=185295 X—7 156, R*=
0.999 9, ZEMETEHE 242.6~3 882.2 ng; W& FHEZH
fis Y=342 220 X—16 945, R?=0.999 8, ZktjuH
12.3~618.0 ng; TGaG Y=1 056 954 X—34 385,
R?=0.9993, £&EiuE 48.9~1270.5ng; TGBG Y=
1717 844 X—58 584, R2=0.9993, Z:75[H 48.9~
1270.5 ng.

(5) FEE IR DA MR BT 53R 1
B, % “2.3.4 (207 BURHEGIRBER SRR, 1%
“2.3.4 (D7 U 3l SF A S 6 I 0% % K
SYVETHAR, THHIL RSD 18, MR IERRE . 4558
BETE. O)-RESTILEE. BETHRTE.
TGaG~ TGPG UWETHIAR ) RSD 437124 0.16%- 0.33%-
3.76%-2.92% 1.00%, 25 R R HIZAIS R 5 FE R4 -

(6) Ty MRS HUR] — 2l P A I 1 24 A
i LA, % “2.3.4 (207 WUR 7 opa s iR
1% “23.4 (D7 BUN OIS &AM, 200 TH& )5 0. 3.
6+ 9+ 12, 24 h R, RS AT ETAR, T
S RSD fH, KSR S A R 1 2% 7V AR 1
SEREBTHR. O-REETILER. BETRF
5. TGaG. TGPG WA RSD 43714 0.20%-
0.99%- 4.62%- 4.35%. 3.44%, &5 RFEALA TR
WAL 24 h HAEE.

(7) EEMERL: RS FRIR — iM% T
ZHRIRES 6 13, 4% “2.3.4 (2)7 TR ik itk
VAR, 1% “2.3.4 (D7 DR IS FAFINE, il

F R TR, THE R E S # & RSD fH. 455 %
BFR. )-REESTILER. BETEHRFRE.
TGoG. TGBG &7 % RSD 7374 1.31%-
2.98%-+ 4.79%- 1.93%. 4.01%, ZERFWiZTIEE
SR

(8) InFE I3 ikse: A HAREL I 5 Bl
SEENTEGREED 0.1, FATHRE 6 3, 23
NFUEIRIE N 8.23 mg/mL [K7% & T B IR S Al
144 mL, JREWRE N 1.81 mg/mL ] (—)-REETIL
RENTHRSIAW 1.13 mL, FiEIRE N 1.12 mg/mL
(R0 IR HY RO I VA 0.80 mL, LEIKRSE N
0.92 mg/mL (1] TGaG M i 0.26 mL, i EIRSE
5 0.92 mg/mL [ TGRG H& A 0.26 mL, $%“2.3.4
(20”7 BUF 7 A s, % “2.3.4 (1)7 T
NI RAHREINE, THEIAE R . SRR
TR ()-REBTILEZR. BETIRHEE. TGaG-
TGBG 1T S5 U 2853 714 98.93% 98.85%-
96.98%-+ 98.16%-+ 97.90%, RSD 434 0.12%-
0.33%- 3.32%- 2.13%. 3.67%, &5RFEW %7k
AR R AT

(9) HEME: 1% “2.3.4 (20”7 TN HiEH&
B VER, 1% “2.3.4 (17 TR R AT
S, VFEEZRIFES S R & . TRA XTI
o H ZiRITAE R ) HPLC B LA 5.
235 IEXWIMLALA M R E R T LA
REERE (A KEERRE] (B). W FHZERE (O 1F
RFEERR R, R LR 2 9000 4 A e 5 R 3 BUE
L DIEZARHRE TR, ()-REETILEER.
WA TR TGoG- TGPG & BAF NH 546 H5,
K H ZE 14343 T (principal component analysis, PCA )
EXRE 5 MR AT SR A VR, DU S R 1

1

A
23 4 5
1
B
3
2 4 5
0 15 30 45 60 75 90
t/min

BB TR 2-()-REEFILEE;: 3-REFITEE: 4-TGaG; 5-TGRG.
1-gallic acid; 2-(—)-epigallocatechin; 3-methyl gallate; 4-TGaG; 5-TGPG.
Es5 REXRM (A) FEARMER (B) B HPLC
Fig.5 HPLC of mixed reference substances (A) and
Baiyaojian sample (B)
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43 (F) NEEE TR, X 25 TSl FhOk B2 T 23T
lifb. F BRI FE 85 R 745 5 5 AR N T 22 Tk %
FeflZ FAIN, HHEAR F=FIC1+F.C R Fis

Fy A& EBSHTFAR55, Cia Co AN TG Z 5Tk .
FH 3 KE 3 KT 9 YRS, 1 Lo(3%)IER
Wi, RZKT . LI 8t a5 B ILEE 5. 6.

FT5 LoGHEXRIIZITRER

Table 5 Lo(3) orthogonal experimental design and results

RSB (mg-g™)

N = o 0 73
Wi A Bh % DO Tt ORRETAEE RETETE 10eG TGG o
1 30(1) 44(1)  7(1) 1) 151.06 36.89 5.01 13.64 955  0.007 22
2 30(1) 48(Q2) 9(2) ) 126.40 20.71 6.00 6.08 454 —0.62431
3 30(1) 52(3) 11(3) (3) 133.30 34.69 6.89 870  6.48 —0.35935
4 322) 44() 9 (3) 138.93 33.35 6.84 10.19  7.75 —0.251 54
5 322) 48(2) 11(3) 1) 109.83 14.31 8.33 2537 329 —0.503 87
6 322) 52(3) 71() ) 117.99 20.45 8.76 537 431 -0.72884
7 34(3) 44(1) 11(3) ) 189.24 71.04 6.97 1992 1568  0.853 94
8 343) 48(2) 7(1) (3) 173.42 64.31 8.12 1491 1174  0.43740
9 343) 52(3) 9(2) (1) 205.39 101.09 7.80 19.83 1575  1.16935
K1 -0.325 0203 -0.095 0.224
K> —0.495 -0230 0.098 —0.166
K3 0.820  0.027 —0.003 —0.058
R 1315 0433  0.193  0.390
#z6 HESH =8 ORI ARRIENR
Table 6 Variance analysis Table 8 Component score coefficient matrix
HEKRE wmEFHM  AEE  FIL RBEME S (Eragy !
LN W
A 3.070 2 12582  <0.10 1 2 3 4 5
B 0.285 2 1.168 WETR 0.382 —0.094 0.028 0.140 —16.005
C 0.056 2 0.230 KHEETILZE 0354 -0.087 —0.010 3.755  8.147
D (%) 0.240 2 WETHEFEE 0038 —0.150 1.030 —0.706 —0.831
Fo10(2,2)=9.00; Fy5(2,2)=19.00 TGoG -0.207 1.111 -0.136 0.241 —0.341
2.3.6 RISLEHELEIRATE B IEAR RIS B TGBG 0.343 —0.097 0.037 —3.992  8.176

fi N SPSS 19.0 Bf, AT PCA, MREHIETT 20
R 7, BAF5r REFERE N 8, BUMShT 25
FEILR 9 FRAFERNRHEE R T 1 RN R
gy, B 7 AIAL 0T 2 AT IRREE B R T 1, I
b T FIAA B 86.599% (>85%) HIME R, RENSE:
U RS iR A A B, WO FERT 2 N E A BT
% 8 Al4, TR ELbrdEb H 2 N ERS 2
"1 MENRSE

Table 7 Total variance of explanation

i VIR
Gt TR BB TR
1 3.177 63.540 63.540
2 1.153 23.059 86.599
3 0.635 12.696 99.295
4 0.033 0.653 99.949
5 0.003 0.051 100.000

®9 EMNBOMHERERE

Table 9 Principal component score covariance matrix

FE R 1 2
1 1.000 0.000
2 0.000 1.000

[ B AR . 7155 F=0.635 40 F1+0.230 59
Fao FHELDWLAMATRIAN, 50K AR 25 K 9 1 25 3 i)
FEUXHN A>B>C. K3 C k2 (HEXHMED /N T
TEHVINE (LXHED, WHEER C XMHeEtrf &
R, WERR&EKTFHE, F28&EL
S4M AsBICa, BURIERE 34 °C, RIS IA] 44 h,
FEME 9%,

237 WERE  PATRRE A TR 100 g3 14,
F5 M TE AT S 0 1R 1 24 B R B2 AR kAT I, K
Fit R R B, REE44h )5, BMRIREKE—2Z
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WEARE, MOE KRB A ZEK 2 48, 52, 56+ 60 h,
AT E RN E . 25RKY, ALK S2h, &
MERHKHE O, RE TR S Ml & ER
B, PR EERT ], MR G K B AEfT,
WO BRI E N 52 h, WA 6. 33E4T 3 IREGIIE

R, WORBEL RGN, WEKEFR. ()-RE&
BFILER. BKETERHTE. TGaG. TGRG 3£ 5 Ff
oy e, HEAETFES F, SR 0%E 10, P
FAEA 07507, KTIEACAIGH &4 F A, W
eI E 2RISR R 9 T 2 FRE AT .

44h 48h 52h 56h 60 h
6 TELBEETEEZARISMIMER
Fig. 6 Appearance characteristics of Baiyaojian with different fermentation time
F10 WIEKIEER
Table 10 Validation test results
R ————— it FiE PHFH
BETR O-REETILER W TR TGoG TGBG
1 265.82 69.83 14.19 15.75 19.10 0.5673 0.750 7
2 269.45 127.11 16.23 17.52 19.84 0.8815
3 264.94 140.20 12.16 17.16 18.92 0.803 5
3 Wit et B iE R & a5, e R

T2 R BB FE R P R A s v 25 35 1k
JROTREAT AR AR B IRAT AL — B EOR . DA
R RIS R 25 R B IR b, 255 R
P2 BEY) TR R A TR S S i & e Sk
DPLEWIRACTOR o T 2R 20 538 (R 5 I T o R
AR, R AU ATV AL 25T A e
DORETRC 25 v S PEF2)  ZE A T 25 B R Ry
AR sz 1 TS A2 e 2 A R/ 7)1 LA e
ZP, ARG 25 RO HARIT I R IR 2R, K
FERTH IR E Y EGE LA T R A, P
A2 5R BN R R, MR R 25 K R S %
Aotk PR R BRI A TR A, +
2y R WEHE NI B A TR0 R R B R R B34
AN DAL Gl iih R 2GR 20N AERE, AR
Y PR R T v 2 12 5 E L R IR 1 24 G BRE
AL T A RIAIE MO E, 1R T H RO R
AR R . KBTI T S R
T10%PAE, 55 E A RS G RANE T KR T
LRy, ADENIR 2 R T e R s b
SR B AR A RN AHE T LR KR 22
TR B A, AR Rt LRI E R, 2

15 B W TE A SE 4 VH AR, PR T B I sk

H ZG RS — P 2 A BRI i, R R
JREIRRA KRR . KRBT R B . A
SIS T T B DR SRR T R AR R TR [
B PP RI R O K BRI . KR N (R 24 R
PR R o S5 SRR, BOMHAE 115 C 2K 30 min AH
ET 121 CKE 20 min, K5 H AR B TR
SR E R, ATRER M T AT AT
FEMALEE, FELeR R R AR R, 3B
BETREET I, A4S pH EEK, Ml
s TR PR AERCRE JT, B ORISR TS 1 52
oM, IR TRUE B A KSR, fEE
Kgg, RldRE, REFYMESEK, BE
FREYIE R A KTERE RN, A 5T,
IEANBIR IR RIPARETE 80%~90%H X} F 24
R BERZAN K, 1 HL BPASEAE [F)— 1 iR AR R AR 1A
[FRRZ, FIREEHGEAE— /IR NS, ARe
SELEFAEE b, RUEAT T I % 5 R
ARG FIREN T A&, FEE KB A
K RIS =S KBk . B ETE 2R
Ji B VAN 2 0 AR IR 1) & s A AR A Fe
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W, ARETEEEHATLE 2R, AT DUE I
KRR RE IR | WRRE L pH AN R BRI TR) 25 425 ) 1%
BT ()-KEBTILEZR. TGaG. TGBG L
G300 AR VY 2 R B — R T

ARSI T AR I E R A A R T2,
Pem 7RISR, (545 AR R EAN H 2 HIAE 24
HAER . 28R A ST T R WAL 2 7, A0
e 5T

RBAR AR ERNTAEF B R
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