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Abstract: To address the current issues of high consumption of organic solvent and prolonged extraction time inherent in
the two-step method involving enzymes and ultrasound for efficient extraction of saponins from Xanthoceras sorbifolium
leaves. A specific strain of black aspergillus fungus from humus soil was selectively isolated in this study. Based on the
ethanol tolerance characteristics of the mixed enzymes obtained after fermentation, a one-step method using ultrasonication-
enzyme-ethanol extraction process for saponins from Xanthoceras sorbifolium leaves was designed and compared with the
ultrasonication-assisted enzymatic extraction (two-step method). The optimized conditions through single factor and
response surface experiments were employed to analyze samples using ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS), scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-
IR), and X-ray diffraction (XRD) to characterize and analyze the structural features of the Xanthoceras sorbifolium leaf
residue. As a results, the ethanol-tolerant cellulase mixed enzyme secreted by this strain, exhibiting an endoglucanase
activity of 254+0.05 U/mL, which was demonstrated remarkable stability in 40% ethanol, with relative enzyme activities of
p-glucosidase and xylanase retained at 78.67%+0.25% and 55.34%+4.00%, respectively. Importantly, the mixed enzyme
does not contain ochratoxin, ensuring high safety. Under optimal conditions (ultrasonic temperature 55 °C, power 300 W,
ethanol concentration 40%, time 30 min) with mixed enzyme as a solution and anhydrous ethanol as a solvent, the response
surface experiments revealed that saponin yield reached 14.98%+0.08%, representing a 101.89% increase compared to
ultrasonic ethanol extraction (7.42%+0.23%). Furthermore, ethanol consumption was reduced by 30% relative to the two-
step method, while saponin yield improved by 59% (9.42%+0.04%). UPLC-Q-TOF MS analysis confirmed that the saponin
composition unchanged remained from one-step method and showing a significant increase in content compared to the two
step method. Besides, SEM, FT-IR and XRD further confirmed the effectiveness of one-step method, inducing more
substantial material degradation than the two-step method, more pronounced disruption of O-H, C=C and C-O-C bonds and
complete degradation of amorphous regions. This one-step method combined the advantages of high saponin yield, low
solvent consumption, mild operating conditions, and environmental friendliness, providing a novel solution for the green
and efficient extraction of saponins from Xanthoceras sorbifolium leaves and offering valuable insight for the extraction of

other natural active compounds.
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15 min, 7F 538 nm ZbMIEOGAE, A3 (%) M PE
[ /N WA

CxVxN

X(%) = x100

Ko, Xe BAFER, %; C: ARPabrrERI L0
B, mg/mL; V: 3B BTN, mL; N: #iBefs
0 m: BESL R R, mg.

1.2.4 SCERM AT 2k

1.2.4.1 FHEZEIL  FREMPARSCGERM 0.10 g, LA
BRI AR bR, [ W UA S ECh L BRI
40% . AEFEFE] 15 min, BT 50 °C | DR
120 W, fRIRFZEE L BEUREE (10% . 20% . 30% . 40% .



- 276 - £ Tl B4

2026 4 4 A

50%. 60%. 70%) . #A 75 B [A] (15, 30, 45, 60,
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Table 1 Box-Behnken test factors and levels
KA A B c
IR (C) BRI (W) R (%)
1 50 240 30
0 55 300 40
-1 60 360 50
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4, G I PR BRI A 2 o R
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F B Epy, R 7 R E SO R i
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BRI TEERAE, B AR D7 R IBUR 1 SR
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LLAMEEE, FEOEIEEIH 60 YA AT

AR SR LSS : (] X SR AT SN 5 AN W) T
PAREUS 09 SO R BRI 1 SR TE 454, 4 40 kV Rl
15 mA R JH Cu-Ka $# S VPFAG A TFE 5L S AR S5 44,
15 95 A Y5 Bl AE 5°~50°(20) 2 [a] I &, F 3 38 B N
5°/min.
1.3 #iEAE

FITAT SEBG I E A2 IR, G R DAV (R v i 22
#R, {1 IBM SPSS Statistics 27 B4 24755046 1
PAPRIZR U7 2853 AT R 22 8 LU (XS 85 R g ke /) Wik 35 22
SRIE), L RSG5 P<0.05 #EI A B W 32
5, HHTH Origin 2021 YERE
2 FEREHR
2.1 FE CESLT U4 RERRIE R

PN FE A3 b — 35 g alifb i 87 ARk ELE
BEER, 256 L uE 4K (Fpase, FPA) . PYUI3E] SR A

2 20 BRim LT AE R BT A5 2R B L R
Table 2 20 Fungal strains with high yields of cellulase
and hemicellulase

Wk CMC(U/mL) FPA(UmL) BG(U/mL)  Xyl'(U/mL)
B4 26.37+5.99°  202.93+3.88°  23.10+£3.22°  100.98+6.27°
B6 162.32+5.04°  166.27£1.35"  6.78+0.72°  487.75+5.93°
D6 139.07+5.83"  34.94+431™  8.43+0.92°  402. 62+5.60°
D15  188.98+8.82®  23.10+0.66°  7.45+0.67¢ 189.37+7.300
D17  116.33£7.61%  37.56£2.58™  14.06+0.82°  141.964.16™
D13 141.86+6.86"  24.85+3.69°  2.42+0.09°  163.86+2.24
D4 146.80£9.57%  57.78+0.65*  6.73x1.21°  155.29+6.73"
D43 200.88+3.21°  65.53+4.46°  2.46+0.45%  290.73+5.72¢

2 130.82+1.66°  43.53+6.89'  15.41x1.70°  423.95+7.25¢
11 146.53£6.67%  27.13£2.64™  15.72+0.43°  444.90+6.93°
14 104.67+8.69%  27.89+3.31™  15.41+0.73°  438.58+8.54°
16 157.17£6.23%  366.08+1.82°  2.66+0.29°  578.24+0.94"
17 129.47+8.35"  20.95+1.18°  14.53+2.10°  145.47+5.11™
22 178.2649.59° 67.07+0.58 2.92+0.34  278.10+6.88"
41 178.03£8.20°*  427.91+2.16"°  2.08+0.22¢  486.54+1.57°
42 149.74+£3.55%  496.26+2.72*  2.59+0.44%  228.01+5.48'
S6 112.32£6.108  349.77+2.25¢  3.32+1.81¢ 60.96+2.70"

96 13.16£7.531 156.51+4.31¢  8.74+2.43°  104.03+6.27"

B22 49.19+5.60" 99.70£7.20"  1.93+0.03'  386.27+3.63
55 56.06£1.39%  129.92+1.42'  8.09+1.60°  163.70+7.53

e R LT Y K, LA N 2 Kl RIS R (10N G AR R i bk )
B 22 5 W (P<0.05)
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A —xE Y LEEN 20, (HLEE FLER 4 PRt £, s
P, AUE BRAR 42 RIS B MOT 2 BERE T, H B-4
757 1 T T AR A SROBE 1l AR X 1 G 43 B R B8 78.67 %+
0.25% Fll 55.34%+4.00%, fe &Pk 42 1B N8
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FEEIEHFMTAEY S XSS R RS L
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JH ELISA Jy A6 2 g 55 0] e r=E O sG AR A i 2
HE, AR 42 REEYIT, IZFER IS ECNO pg/kg, R
LM — AR SRR, 7T Tolk2Er=,

100 42

54 Aspergillus niger (OP737610.1)

Aspergillus guangxiensis (NR 198079.1)

Aspergillus telluris (NR 198080.1)

0 Aspergillus doliiformis (NR 198189.1)

—— Aspergillus cylindricus (NR 198188.1)

Aspergillus dhakephalkarii (NR 199754.1)

Aspergillus alvaroi (NR 198698.1)
100 [ Aspergillus pseudoalabamensis (NR 198187.1)
Aspergillus marneyi (NR 198186.1)

Elaphomyces favosus (NR 154627.1)

0.01
K2 Witk 42 WREREN
Fig.2 Phylogenetic tree of strain 42
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K3 RAMEGEIRE S pH
Fig.3 Optimum temperature and pH of enzyme cocktails
e A WEGEIRE; B MHGE pH.



- 278 - £ Tl B

2026 4 4 A

JNE A RARAEART, AEJR i 55 52 13 BE AN pH 9521,

i, TR AR R S BSOS PR e AV E T i G
RIS, AN 3 BTN, 7E 30~50 °C, IE4KHE . P
A SR . 51 2B AR AN ROV il 1) o3k T A

50 °C, 55 Herculano &5 #7318 {5 AT HH 25 4 192 BE MR 5
AP T4k R Y Fal PR — 3. A pH RRME T,

UBACHE . N Y SRV . B AN R . K BRMETE Y
Hif pH N 5.0,

2.2.2 T LR ERTSY  BIFST IR A R £ BT E
FFEEER -G EEI N H, 5 AR BE 2 B R A il
AbFR 30~150 min Z55RANE 4 s AR E 10%
ZBEALFE 30 min, B-RIEDIHTT I . A SROPEER . YA
TR it FI1 8 4G (%) AR I S T 55%; 24 2Lk
BEFE 2 30%, BRI DI RBEGIE TE e O, HAREE Y
AT BRI ITF 50%; L EEHR B AR EL TH R 2 40%~

A —— YRR b
100 —— JEHLHE
—— B
%0 —— AEH
S
s 60
&
= 40
=
20
0
10 20
UW&F (%
B —— NV R B
90 —— UE4CRE
30 4 —— BRI
—— R BN
70 4
g 60 1
£ 50 4
% 40 1
m 30 1
=
20 4
10 A l\‘\'_\—
0
10 60
LR FE (%)
C —— NI R
80 —— JE4CHE
—— B
—— KRB
60
S
I
Z 40
= 20
0 \-—v—\
10 60
T (%)
4 IRAEHN B

Fig.4 Characterisation of ethanol resistance
of enzyme cocktails
TE: Al 10%~60% CBEALHE 30 min; B 2 10%~60% £ Ak
2 90 min; C 24 10%~60% LEF4EFE 150 min,

60%, 1N AT B-45 %5 W8 1T Tl 76 /=5 M BE 60% . Ak 3
30 min, 3R FF 62.82%+0.31% HIAHXT BFE o BE
B -2 W il B0 HE B A0 5 1) e =212, AR5
FHEG RN LSRR 2, 117 PN Y04 SRAH X £ B A iU

2.2.3 MEFEXIERETESE G5 RAE S s Sk

ALPRZH GEEF R AR B, 7E 32%. 40% Fl1 48% Z.HE4%
P F £ 30 min S LB, JEACHE . PI DI SRPE
100 4 =3 MY Aa
= O #H)E =
= 80 1 Ab
é Ac
= 601 I
i
%i 40 A 13; /sz ]
2 20 7 7%
72 7, 7,
0 o o
48 40 32
LR (%)
97 e P
2 5 {3 . =3
=) I
g ) %7 il
“R o g Ba s L~
§ 3 / t / e ;!/
g Bb
E | 7% 7
\&_E' [~ 7
o L2 7 -
48 40 32
LBEREE (%)
140 - e
3 Aa ] ﬂiﬁ):" 5[]
E 1201 I D #H)E
=) AP
= 100 - T
R
io Ac
= |
g 40
=20 - = Bb
'K e / Be
9 1 2 N O
48 40 32
LR (%)
300 1 23 BERT OO #E)E
Aa A8
= 250 = 1 P
£
S 200 1
E 150 1
& ¥
g2 100 {7~ Bb/ .
S 7 1 =
< s 7
0 /. o /
48 40 32

LRI (%)
K5 R[RIR I M A0 vk 7 S IR A S
Fig.5 Enzyme activities before and after one-step ultrasonic
extraction with different concentrations of ethanol

T AL JRUCESTS 715 B. BB RS 15 C. U SR VRS
515 D ARRBEEFE J1; ARIKE FRFRANA BE 2R,
P<0.01, NE/NGFHRRA 25 B3, P<0.01,



%478 % sl

Je W, S T 2B A b OO R A 279 -

FIARTERGNG J135 3= (P<0.01) . Hodh, X F &
AR ANA SR, 40% 2 7 Ab PR 20 SR B e i
J1, Wi oy BIIR B RAEEZH Y 3.16 15 F0 2.61 17%; 24
A E T2 48% B, M7 AP S ruE 4R AT N U]
) B BER NG 1WA R, AR SRME R TG ) 12— 21
Z 3.29 fi%, 3X T BE-55 AN [F) il ) S5k DR g ich 2 S A HCXE
AR M N7 R SR A DGR, R I A R A2 sk
WA RIS 3D 45F4 iR S AR AL RN A g RUEE R
0 TS B e = o LT D E 55 ey 1 Ll (S N0 175 7 N = M3
2 A4y, S BRSO I PR AV N R R R i Y 2w, O
i EATHE B Z ) oy T Bl B2, SR, p-AET A
PR Tl 0 P2 o A S AL PSR [, I R B TR
(RS | P R A R KR A 52 . RS T A R
oA A b3S B U E R N B ZE R P e 58K
B SR AR, & IS M7 s RHL 28 B 2eg B ey Tl T8t 7%
TRER,

23 EEIZMik

2.3.1 PAPZESLES  PARFIRRNIEGR, X2k
BT T 25k SR | s I | s
(] A TR A TR FR Ak, S5 A 6 .
YT Z B T BT S s, TR s
FUREICRY . Bk BETE 10%~40% B}, B e R HhEk
BE T w0, wiiEid 40% JE SRR, KB 40%
B REAE LB (K] 6A) , UNEl 6 A TR, BERSTE] 3G

AR TE] (min)

A
15 30 45 60 75
101 —— BRI - 14
e /‘”}J_”“\”FT]
—~ 9 . - 13~
=X /i a X
¥ 8 “b - 12 B
& x/l(’/ \)(d &
R LI [ SNl
it b | Te I
6 1 bcl 10
c
&
54— . . . . . —L9
10 20 30 40 50 60 70
LEEHRIE (%)
B HPTRLE (°C)
45 50 55 60 65
141 —=— @A az r13
—— AT
~ 131 F12 o
= S
12 4 11 ¥
& ib %
gl 10 o
10 A I Lo
C
¥d
gL 1 : : : : 8
120 180 240 300 360
A )% (W)

Bl BRIBURPERT TR AR
Fig.6  Effect of extraction conditions on the extraction
rate of saponins
VE: A, SR S H); B.OH 7S S S TR AR
RERORAT W22 5%, P<0.01,

N, BAFERZEHIE KAE 30 min IXBE, BEE BT
SR, ISR EE VS B PN, SRR B AR TR R ST e
MG, 55 °C BEHAFZRIRFHEI 11.59%+0.18% (P<
0.01), AL T i E, BT R MIK (& 6B) . KN
T 1 B AL TR A 8 5 40138 sl b, AT i
PP R T R I A Y, AR e v, e
TR JCES M By & A= Wi 28, 1 il B2 4 i A5 3 R
I, M 6B AT, H A5 58 2 il 5 7 D311
ThiEs, eI SRR, 76 300 W B {550k FliHR ok
{8 13.71%%0.17%(P<0.01) . TS D=5, =~
A | SR S AR AR A e 2, [R] Ak
TR A B AT P D3R 3 PRI E R SO R 4t A R
RO AN EE LS AR IR, SR A SR s {EAE
PR, o PR SR S A A AR g
TSR AL, DT RARARR IR A BT A i 14 1 7 %
AEEFFREAC B HARRET, T Laiue s I, o s
SEAAIR GG 1) PR 2 I HRK SIS 43 01 R - 2T )3
(30%~50%) . #AFEIRJE (50~60 °C)FIFELF (240~
360 W),
2.3.2 WA AR — AR PR ORI B AR
PR LR, YBCHE AR B DR T —
K 2 4T Box-Behken 150 %11, g5 SR an=k 3 pr
IR, FEHAERAM T 7.32%~15.69% . FETE64E
AT R BT ASETY Ay

B 15 %K (%) =14.966—0.43875A+0.6725B+
0.12375C—0.1175AB—0.275AC—0.8975BC—2.293A>—
3.3305B%—2.608C2,

®3 ML AR R AR

Table 3 Box-Behken design and experimental results

TS REE(C)  BAEYER(W) CEEREE(%)  BEER(%)
1 55 300 40 14.71+0.16
2 55 300 40 14.984+0.38
3 55 300 40 13.97+0.26
4 50 300 30 10.04+0.10
5 60 360 40 9.38+0.23
6 60 240 40 8.24+0.10
7 55 300 40 15.69+0.27
8 50 300 50 10.78+0.19
9 55 360 50 8.94+0.28
10 60 300 30 9.90+0.04
11 55 360 30 10.434+0.24
12 50 360 40 10.68+0.17
13 60 300 50 9.54+0.27
14 55 300 40 15.48+0.34
15 55 240 30 7.32+0.03
16 50 240 40 9.07+0.30
17 55 240 50 9.42+0.26

XHZARIRI ) )7 22T a5 R a6 4 Fios . [IJE45E
HI) FAR K 47.44, P<0.0001, 3% B U4y 35, 2
FAIH P=0.9798>0.05, &I IS IT A & 2 . LA A
(1) DRE R R 0.9839, K PLSE ZRBL R\ T
0.9631, PP AE FEL Rpoq M 0.9653, B HAR AL 1
LG R Ly, vERR R AT SEM . ARYE F R R JNSE
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Table 4 Analysis of variance (ANOVA) of saponin
extraction yield

F#E  FHM AlE ¥y FE Pl BEE
el 117.41 9 13.05 4744  <0.0001 ok
A 1.54 1 1.54 5.60 0.0498 *
B 3.61 1 3.61 1315 0.0084 o
c 0.12 1 0.12 0.44 0.5258
AB 0.05 1 0.05 0.20 0.6675
AC 0.30 1 0.30 1.10 0.3291
BC 3.22 1 322 1171 0.0110 *
A? 22.13 1 2213 80.50  <0.0001 o
B? 46.70 1 46.70  169.84  <0.0001 ok
c 28.63 1 28.63 104.14  <0.0001 o
57 1.92 7 0.27
JAUIT 0.07 3 0.02 0.05 0.9798 AEFH
afiiR 2 1.85 4 0.46
J=viil 119.34 16
R 0.9839
R 09631

T *3RR 3 (P<0.05); #*Fm il 3% (P<0.01).
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Fig.7 Response surface 3D plots presenting the significant
interactive effect of extraction variables to the saponin yield
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Table 5 Different extraction methods for extracting saponins
from Xanthoceras sorbifolium Bunge leaves

BT BHER%)
R LRI 7.42+0.23°
(RS 9.42+0.04°
—Hk 14.98+0.08"

TE: WA R F BN 22 5, P<0.01,
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UPLC-Q-TOF MS W5l £, BE— 258 75 $E BURE 7
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xylosylglucoside P U4 THT FH HH $id /=5 48 75 B2 R,
i W] i £, st — 20 0 75 i U 2 — P R 68 = 2

Tiitko
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Table 6 Identification of terpenoids extracted from Xanthoceras sorbifolium Bunge leaves using different
methods by UPLC-Q-TOF MS
4 228 N . . IIJ%[E] FH
ﬁ et L R P T : i
= (min) PR R BRI
471.34,441.33,191.17 \FN;J/@OH
I xanthocerasicacid 5.0 453§f;ﬁ§?2§§§15'32 47134 CyH,0, )Afjim}/ 335356.68 47741337
203.17,423.33 MG
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2 Saikogenin B 5.50 409.34,421.34 45737 CyHy50;4 [ il 649622.12 326642.07
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. 1227.56, 1095.50, 1065.51
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Fig.8 Scanning electron micrographs of Xanthoceras
sorbifolium leaves after extraction by different methods (50 um)
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Fig.9 FT-IR plots of Xanthoceras sorbifolium Bunge leaves
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