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Abstract: [Objective]To promote the diversified development and high-value utilization of bark
resources from Toona fargesii A. Chevalier, this study systematically investigated the chemical
composition,relative abundance characteristics, antifungal activity against Penicillium
nalgiovense, and environmental stability of extracts obtained using solvents with different
polarities.[Method] Gradient reflux extraction was employed to prepare petroleum ether,
dichloromethane, ethyl acetate, and ethanol extracts. The chemical constituents and their relative
abundances were analyzed using ultra-performance liquid chromatography coupled with
quadrupole time-of-flight tandem mass spectrometry (UPLC—QTOF-MS/MS). UpSet analysis was
further applied to compare shared and unique compounds among different extracts. The
antimicrobial activity was evaluated through single-factor experiments examining the effects of
temperature, ultraviolet (UV) irradiation time, and pH on inhibitory efficacy. Based on these
results, a three-factor, three-level orthogonal experimental design was conducted. Design-Expert
software was utilized to optimize the experimental factors and determine the optimal combination
of conditions.[Result]Significant differences were observed in the chemical composition of
extracts obtained with different solvents. A total of 37, 58, 47, and 34 compounds were identified
in the petroleum ether, dichloromethane, ethyl acetate, and ethanol extracts, respectively, with nine
compounds shared among all four extracts. The ethanol and ethyl acetate extracts were
predominantly composed of flavonoids and polyphenols, accounting for 51.8% and 32.5% of their
total constituents, respectively, whereas the dichloromethane extract was mainly composed of
fatty acids and lipids (20.7%). Antifungal assays demonstrated that both ethyl acetate and ethanol
extracts exhibited inhibitory effects against Penicillium under all tested conditions, while the
petroleum ether extract showed no antifungal activity. Among the tested factors, their influence on
antifungal activity ranked in descending order as temperature, UV irradiation time, and pH. The
optimal conditions were determined to be a temperature of 56 °C, UV irradiation for 40 minutes,
and pH 4, under which the inhibition zone diameter reached 13.5mm, closely matching the
predicted value.[Conclusion]The extracts of T. fargesii bark obtained using solvents of different
polarities exhibit notable differences in chemical composition and antifungal activity. The ethyl
acetate and ethanol extracts, in particular, demonstrate promising potential for further
development as natural antifungal agents. These findings provide a scientific basis for the
subsequent isolation, identification, and functional evaluation of bioactive compounds, and
contribute to the efficient utilization of plant-derived resources in the development of

environmentally friendly antimicrobial products.

Keywords:Toona fargesii; Bark; Extract; Bioactive composition; orthogonal experiment;
Antimicrobial activity
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(HPLC) HiR, X EBAHM (T ciliata Roem. var. pubescens (Franch.) Hand. - Mazz.) [ HFF
J& o B aifl, oy B ST 15 M A DTNV R A F O FAE (T sinensis (A. Juss.)
Roem.) W RZidtATor E2lith, 152] 16 MEAY, it RAW264.7 A RPN Fob 28 7 1,
WoR T BN B 2 R PR S . R SR, FEIE (Penicillium) F &
FAABEWT, &R 2 EEERNLREFEDY, WkEEP. citrinum)F= 41
FEHERAGRMEN TR, WHEH P citreoviride)F* "L RS H BB R A ML/, 5
B (P islandicum) Frr=A M RN 5 & SRR S ARSI EE D, & Fh i 5 B R
¥OREEL. VP ENEEMAEYIE, FEICEEHEREEREF FER AL RPER
R — P 2R FE R, WG R B R AT R 12 3), HLAEIR 22 30 I A ) R SR S Rk
3 %68 B0 3L B A SRR T ), TR EHE AR B I 2 2 wE AL S A BRI R A
PEOL, CRBG T SRR T RR.

AR FDIN 5 Y R RN XA 5 S8 58 2 A4 R R I B B T e 77 0 25 A R 40 B
WEIE, ARG T LLAEAE AW R AN B 53 B AN [R) PR 2 A U0 B 0 M RO AT 7 16 R DL R o AT
FLCAAACT M R AT %, SR FRA B ¥ 7ER IS UPLC-QTOF-MS/MS %t &, R4ttt
AN [ R e R TS P 1 A A A R S A v Ve . MR R 1 S il 8 ] SR FH f 5 [l
PEREIREL LT AL A AN AR AR B, 3@ 3T UPLC - QTOF-MS/MS % 5 H 40 b Hoid M 1l 47
I PR ZARG A AR T 40 B I M K e R T HEATARAL VR SLAE AR B RGN
FIBEFE MR AL AEF W R TEIR T R S L TR B B2y B FH 3R A R 5
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| HRS T
1.1 RXIE R

PRI R RIR TV P A MR AR50 3 b 2T T8 75 5 R AR R AR AR B o RIEURBIAM B, &

AT Rk e, 120 A, ARG b EsE, #EAFSH. REMN g
T %% (Penicillium nalgiovense), HILFGRM KRR TSRt
1.2 R FHE
1.2.1 #BURF &

Bt 1kg 20 H 246 B MR RO R SR P LI R AR 2 iR A A A F5E B 4 B
B KM 2 LAES (PE, 60 C) « &k (DCM, 40 C) . LR LS (EtOAc,
90 'C) K EE (EtOH, 85 C) , THHMGE N 43 ¥ &t iR HS he fR AU £tk
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KR A i - DUARRE AT [a] B T S A B R (UPLC-QTOF-MS/MS) it
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CE10eV: ZZiisRH IDA fikk 77X, F&EFHEMVEE m/z 50-1000, DP 80 eV, fiffi#
BERIES TN +40£20eV, FE AN —40£20 eV, ZEEAEHIELL. MS/MS
B FRRE K SCHR /AR e L 45 AT A S e



1.2.3 LC-MS/MS #3547

HEFOWFEMNE PE. DCM. EtOAc. EtOH PUFRP A B E 1B/ 51 B #0549
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A £ 2510°6 CFU/mL; KB &I S IRAT T PDA PR, BN EM I I0AAS B3 77 5
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BAFRATITE 08, BLP<0.01 AR EMZER, HAS¥E L. KH Design Expert 13.0
BT Z T8 S 7 2Z 08T (ANOVA) , ASIGAR RS I 2 SRR 00 e 25 TR 2 . 35 MK
P

2 RS0

21 AEIBFIZERRHNUER P EES KBS
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FEHURS > B3 7K 1 A0 S5 32 ) v A 1 2 Y R A AR, 5 LB R AR e A



EPE Intensity/%

FEPE Intensity/%

FESE Intensity/%

FESE Intensity/%

1006

0000

18 T 130 Negative ion mode

250 |
235 || 2808

202

21764
2743

18797 | 2ms

20985,
2047,

2304
2427

18319
16439

797

% Intensity/%

15873

15338
12408 14111 2518

2
e 26965 28148
10200

1907
1807
1707
1607
1507
1407
1307
1207
107
1007
906
fres
2006
fres
S0
pres
a0
20
1000k

7846
S8 6282 513,
456

I EEEEEEEEEEREEEEEEEEEERE]

i} 18 Time/minute

2860

2728
230

16434 16657 273
15324 15041 18458, nm
s

2567

268

BEIE Intensity/%

8%
na

978110073

8329

Tz 3 4§ 63

IREEEEEEEEEEEEEEEEREEEE)

i} 18] Time/minute

ESEFEA Positive ion

25

2783

20241

22863

P

19809

18805
813

20010

2561

25512
251

% Intensity/%

17300
16429

2190 00

13469
1209

Tz 3 45 6 7

1

IR EEEEEEEEEEEEEEEEEEEXE

i} 18 Time/minute

2610
200
21

14045 st

2709

18743
an
2082

18752

% Intensity/%

2555

2088

262 2003

2345

IREEEEEEEREEEEEX]

i} 18 Time/minute

EEEEREXEEXE]

9506
9006
8506
006
7508
7006
6506
6006
5506
5006
™
008
3506
3006
2606

2066

1,006

5005

3

1062

0860

5509

257 4470

3506

20717

23

20487

18751
2092

212
12586

17506

16708

16.362]
usos )
e8|

8% 13748

2401

0060

10007
95006
90006
85006
80006
75006
70006
65006
50006
55006
50006
45006
40006
35006
30006
25006
20006
15006
10006
50000%
00000

221

5530

5072
5268

o

38530

6167

718

7400

IR EIEIER]

fif 18] Time/minute

1267

a7

8050

6w e
1760 1

9N

16675
1

IEEEEEEREXEX]

27m
20104
701 | 20814
504 2

mode

IR

7

EEEEEEEEE]

fif 18] Time/minute

hed 76

1489

IEEEEEEREEEX]

27

25505

Y

2201

258

1707

1607

1107

1067
9006
006
7066

6006

™
30
200
100y
™

0919

5080 557 6

4487

352

20

6501

8466

R EEE ]

fif 18] Time/minute

14079

12680

o3 "
18423
16346 17260
9825 11238

EEEEEEREEEX]

2608

27

21

2317

20180 792

219%
245
19721
8867
25497

2117
20

EER I

7

I EEEEEEEE]

fif 18] Time/minute

D

EEEEEEEX]



B 1 PE. DCM. EtOAc fil EtOH EBURAEIE. AEFHRA TR ZEIEE
Fig.1 BBPCs of extracts in positive/negative modes (PE, DCM, EtOAc, EtOH)

JEIE SR B PR L IR A5 G A T AU, % A T (PR« & 5t (DCMD
LR M (EtOAc) FIZEE (BtOH) ZEHUGHK H LS4 5108 25+ 354 37 F40 4~ (3R 1),
HUZEB R EVEZ, BAFERMEE S EEEI riEA 23 .

R 1 ARBFIERBH RSV S5

Table 1 Total compounds in various solvent extracts

PE K DCM #HU  EtOAc ZEHUGHK  EtOH FHUH it
432 Classification PE extract DCM extract DCM extract EtOH extract Total
(4™) Entity (/™) Entity (/™) Entity (4) Entity (4™) Entity
ZWE GEll + FEF
Polyphenols (flavonoids + 8 12 15 5 40
coumarins)
BT L=S
4 2
Terpenoids and Steroids 6 ? 8 7
g e o g
' ENIFENENNESS ' 3 4 ) 1 10
Lignans/Phenylpropanoids
LY ES
Alkaloids 0 ! ! 0 2
SRR g 0 . S 3
Other excipients
St
25 35 37 40 112
Total

22 LC-MS/MS ¥ ZESHh
T FMEME PE. DCM. EtOAc. EtOH PURh A UK AE 1B/ 5 TR R AL &4

ELER, AT U AR AEEUR Top10 LA WIIARXS 35 o DU AR ZEBUR AT -6 & 20 AR 3=
FE(E )85 om0, PE REBUGR AT T SRS F 8N 63.77%, UUFFSER 9.82%. 18 [ i
£ 9.23%. KRR 9.02%-. TR/ SR 6.12%S AR I eI T e/ SRR N, ARBLH:
SBR[ SRR J7: DCM ZEBUGR AT T AP IR 5 59.93%, I “Hril”
FRIMUFFAE, BEESE 9.50%M) 16-F2REARIHBR NG RAT Y, WEEWR TN (939%)  F4&
BT (9.35%)  AEHIHE (6.03%) EARNER/BEEIZE; EtOAc FBUH AT L& P AHRT
FEN 53.37%, ZWy/El S IERIAE, RILFR (9.81%) 5 16-HIELFHR (8.55%)
RNEBETERE, FRERE LR R (6.25%)  BFEMTF (4.91%) FEMTF (4.73%) S5
WAPERLSY; s EtOH ZEBUR M3 o e, w4 &AM 58 75.03%, HPRILFER
(23.15%) HI)LZFEFR (17.19%) HIEES (Top3 ik 52.84%) , RUAEMMENEEE
EAE ]

A SR RL6

REHAR/ BB ERFHE

- o - P
g =]
3 /R 2 HE
a. 2,
E Ee ) E ABET
3 5]
(@] AIBET Q ALE
] REERRLS ] m
4 mapka 4 ke
N i
wnsm i
BN W R BIERS
1 HIXFEJE relative abundance/% 2 MR EJE relative abundance/%



21%

REERRL

A Compound
i
&Y Compound

3 HIXFEJE relative abundance/% 4 FIXFEJE relative abundance/%
B2 DUFZEHOBET HL &Y RIARR £
Fig.2 Top 10 compounds with relative abundance in the four extracts

Note: 1: PE, 2: DCM, 3: EtOAc, 4: EtOH.
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Fig.3 UpSet plot of common/unique compounds among four extracts
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2.3 BERMNAEEHFRBGHIERE RS0

N T HE— BRI BT R RS20, A ST L 58 M2 [ SRS I 3] 5 pHAE 4531 [A]
RV AR E . J7 2 TR, DR RSB AEAS [FRLEE 58 AN ARG I 8] 5 pHAE 1Y)
A NSRS AR B E E R (P<0.01) , PERERURIAALME 7 N LMEER, Lk
SMEFIAHYY B R A N RRE (K2, 3. K4 .

UARFERRE 4T, DCM ABURALAE 25°C FRIH — 2 MEEH (7.64+0.40 mm)
1M EtOH H1 EtOAc FIGRAEATAT i 2 B e A, 30— i i rE A S e Ve 5D,
EtOAc ZHURAE 40°C I RCR feot, 0074 Bl B AR5 21 12.82 £ 0.41 mm, EtOH AHURAE
8O°C R B MR e i, MR Bl ELAR A 1245+ 048 mm (£ 2) .
£ 2 ANENRE T MHEBRRLE R E5T

Table 2 Analysis of variance of the results of P.nalgiovense inhibition at different temperatures

REHYHR Extract . ] I Tempel?mre ﬂ
25°C (n=9) 40 °C (n=9) 60 'C (n=9) 80 °C (n=9)
FiilE (PE)
Z&E M (DCM) 7.64£0.40 A
LB LT (EtOAC) 9.74+£0.34 C 12.82 £ 0.41 A 11.16+0.56 B 10.080 .22 C
2B (EtOH) 1216+ 0.81 AB  11.71+0.36 B 8.02+025C 1245+ 0.48 A

AR (8] A — 1, DCMABURALAEO min 60 minff I BN E, HARE

S R IB) R A E P S A 2k o T EtOH A EtOA AR HURTE AN [F) 58 AR BRI 8], 3447 05

R RCR (1850, EtOACHE BURAE 52 A1 2k 5T 30 min iR 40 B8 RCR Ao, 1B I ELAR N

14.36+0.36 mm , ] EtOH A% B 7E 48 Ah £ 5 60 min Iy 28 470 3 8OCR B, #0018 JEl EL 42 M

13.5740.27 mm (3K3) .

R 3 ISR SNE S R T 1 E B R R Z T

Table3 Analysis of variance of inhibition of P. nalgiovense at different ultraviolet irradiation times
SRHMERS A Ultraviolet irradiation time

Omin (n=9) 10min (n=9) 30min (n=9) 60min (n=9) 90min (n=9) 120min (n=9)

FEHGH Extract

FridfE (PE)




&k (DCMD 10.63+0.38 A - - 8.29+0.72 B

LR
11.32+0.77 D 12.434£0.25 C 14.36+0.36 A 13.39+0.49 B 8.99+0.38 E 8.49+0.38 F

(EtOAc)
L (EtOH) 11.99+0.27 B 10.82+0.41 D 9.51£0.22 E 13.57£0.27 A 11.50+0.34 C 9.51£0.16 E

{BFEAN R RIS IR R, B T A B JCAE FH A, L8 =40 MpH 2.0 ~ 10.0/] 55 8 £ 21
SR 241 A (R B T 0, IS B ) TR ot U B A FH R AN gUEé (15D 5 DCMZEHGRAE
pH 10.00 FOHN B & R fe i, $ Bl fe K AR 10141 1.04 mm (R4, [HEfiK THEE MK
AR SRS TB] AP0 B VS S e S p P 2 1 2 M 55 T U P A 2 ]

R4 AFEpH F B ERE T E S

Table 4 Analysis of variance of P. nalgiovense inhibition tests at different pH

pH
REHGH Extract
2.0(n=9) 4.0(n=9) 6.0(n=9) 7.0(n=9) 8.0(n=9) 10.0(n=9)

FiE (PED

& F Lk (DCM) 8.10:0.13 CD 826£046 C 764031 D 830042 C 961:039 B 10.14£1.04 A
LR I (EtOAC) 799+028 B 8158026 B 8581045 A 752:028 C 744021 C 802044 B

4 (EtOH) 839+0.17 A 821+023 AB 823021 AB  8.02+043 BC 79240.18 C 8.19+0.15 AB
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Fig.5 Antibacterial activity of 7. fargesii extracts against single factors

2.4 412 & BEtOH ZEEURAIHIE IE iR I8
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PE, IEACHEE R 3 5K LERS .
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Table 5 Response surface test level

PRI Factor . 0 + Fix[:ﬁ]dfcfgiions Sam;j)}lu:fﬁjie
A/(T) 40 60 80 AbFE 30 min 100 uL
B/(min) 30 60 90 10W $4MT 100 pL

C 2 4 6 REGH T = 1:2 (vIv) 100 pL

A NUREE, B ONESMNESEE], C 24 pH

A is Temperature, B is ultraviolet irradiation time, C is pH

4 BBD 5, —HZFREMEIRHAEGEN 2k k-1)+Co  (k=3) , Bl124N 40
REHETHO R, dol S TS TR 22 TR SR R AU FE o B 701 B 123 H0 il
RS0 B REG, HE174HIRE, W AERE WK .
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Table 6 Orthogonal experimental results
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1 40 30 4 1242

2 80 30 4 1023

3 40 90 4 10.14

4 80 90 4 923

5 40 60 2 9.71

6 80 60 2 825

7 40 60 6 1051

8 80 60 6 8.06

9 60 30 2 1250

10 60 90 2 11.13

11 60 30 6 11.80

12 60 90 6 1022

13 60 60 4 13.56

14 60 60 4 1332

15 60 60 4 13.68

16 60 60 4 13.53

17 60 60 4 13.15
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Y=13.45-0.8758A-0.7779B-0.1229C+0.3175AB-0.2475AC-0.0517BC-2.61A*-0.331B*-1.71C?
R T EAERTEZ ST

Table 7  Regression model analysis of variance

JERIR Rl HHIZ df Bapagill F p BN
Source Sum of Squares Freedom Mean Square Significance
2 Model 5621 9 625 4922 <0.0001 o
A/(C) 6.14 1 6.14 4836 0.0002 o
B/(min) 484 1 484 38.15 0.0005 o
C 0.1209 1 0.1209 09525 03616
AB 04032 1 04032 3.18 0.1178
AC 0245 1 0245 193 02072
BC 0.0107 1 0.0107 0.0842 0.7802
A? 2872 1 2872 22636 <0.0001 o
B 04613 1 04613 3.64 0.0982
c 1225 1 1225 96.58 <0.0001 o
#4Z Residual 0.8882 7 0.1269
Lajl?%)? Fit 0.7105 3 02368 533 0.0699
Pifi%i . 0.1777 4 0.0444
Sl Cor Total 571 16

“nr FoRREE (P<0.0D) .

“#%” indicates extremely significant correlation (P<0.01) .
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Fig.6 Interaction response surface and contour map
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