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ABSTRACT: Objective To optimize the enzyme-assisted extraction process of Eucommia ulmoides leaf extract,

and evaluate its antioxidant and hepatoprotective activities. Methods Using Eucommia ulmoides leaves as raw
material, the enzyme-assisted extraction technique was employed to optimize the extraction process. The antioxidant
activity of the extract was evaluated through 1,1-diphenyl-2-picrylhydrazine (DPPH) radical scavenging rate,
hydroxyl radical scavenging rate, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
rate, and total antioxidant capacity assays. The hepatoprotective activity was assessed using a zebrafish model.
Results Under the conditions of a solid-to-liquid ratio of 1:20 (g:mL), enzymolysis temperature of 50 °C,
enzymolysis time of 4 h, and enzyme dosage of 3%, the yield of Eucommia ulmoides leaf extract was 32.15%+0.36%,
with a theoretical yield of 31.781%. The small difference between the actual and theoretical yields indicates the
reliability of the extraction parameters. /n vitro antioxidant activity tests showed that, within the experimental mass
concentration range, the extract exhibited significant antioxidant activity, effectively scavenging DPPH radicals,
hydroxyl radicals, and ABTS radicals. Zebrafish experiments demonstrated that the extract at mass concentrations of
100 pg/mL and 200 pg/mL protected against thioacetamide (TAA)-induced liver injury, indicating notable
hepatoprotective activity. Conclusion The Eucommia ulmoides leaf extract obtained through enzyme-assisted
extraction possesses excellent antioxidant and hepatoprotective activities. This study provides technical support for
the further application and promotion of Eucommia ulmoides leaves in the food field.

KEY WORDS: Eucommia ulmoides leaf extract; enzyme-assisted extraction; antioxidant activity; hepatoprotective
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K App 2 A PR Y M A (Eucommia ulmoides Oliv.)
. P b E ARG GE T, TR E AR P R A
S T R 1 /78 o S s W P T B W G
PRioE, HA NS, S SR, FIRFEARRE, L
FHN, BRI, fEmEpcasEl, s kB, At
GHNIE. FOHR . LY. 2. R LR, &
FIUR . SRR AR A S5 iy, oA SO 4 R B
TR . BRI . SRR . AR . A
MO ZSEY . WIHERR . AR . R JEORE . EEL S
AP B2 BRI KW, ARt EA A . R
M FEIms ., PrB g . PO . BT . PR
PERIBY, 2023 48 11 A 9 H, FARM-BEF) A < BB {58 0 &
B &R 2GR BT, U B AL R AR RAAE Sy 2 44
A, 0T LAE & SR, B b ARl R 1S
(2023) ) Giit, 2023 AEFL A AR 3 BT I IAR L 25 (20T,
B 2020 4EHE K 300%, it 2025 AEE 5K 50 /T8, M
SO 2 A 3G T Ak A v 2 £ AR O, X A A
v R BT S kR B R R RN E

AT A 5 R B O 12 32 A R I

BT AT BN ARG | AR BN ARIBGE | I AR SR IO
T Bh BB S S T 1057 5 IR P 7 i 482 O A
20, S5 SRR IIZOR A B K L2 AR S B SR
T, ZHHREWERA 2.66%, ZHERN 2321%, 46
Wraifb s He 2 M 5ol 58.75%, 1M A L 1,1-
— 2R 3 -2- =AY % K R (1,1-diphenyl-2-picrylhydrazine,
DPPH) [ 1 3E#8 A BT A BRAE F o 2 045 R FH fotcint
HIERBCR AR, Ak T ALt BB T 22250, A5
AR RS T AR 2434 5] 69.02 mg/g. 4.96 mg/g.
X85 2 U] Pt 1 5l B 3R — B SR B P i rh (1 % SRR,
SRFREEIR T 35 3.15% BRAR A —Fhdd B E IR R,
UEAESAE T2 R T IR0 A US4 B B A
ORI LT R SRS 2 NP 2, R IR B 42
WOARRIE S D 2R3 BRI & Tl S SR IRk i
B, Ao AT 25 U O] L P S D e B BB SR e v ) 485
G, Z5R TR A E G IR R 456 & E A
By ARG SR BT 1 o T P o SR A A 1 4
ZM T IIREYI BT, 45 W 7S L AR A AR
FREEER . AP A 2RI R, HE A R AT

KRB RS WIS PEPEN I s F ARG AP . 28
MLZEAKSF- RSB K-, BTt g — R A1, BT
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HAMETWE . BHaE o, SR AW, wilziyte.
PO RS oe & SRR, TN T 25 e RO, [
WUAR BI85 BRE- 0 DA R 47 S A AR

S5 T A B B B AR A A, AR 5 R P e B [
TARICEAR, LURFHGFONIEAR, ld R IR
SCU . ORHREL . W WEARIELRE . INARR N 1) XA R K R
PR AR AR, AR Bl K S 4y Al B [ml i 4R T,
FEPEAN PR TG PERP G T, S A A 7 2 dh 4T
R AR T 4R BEER S

1 MR5ERE

1.1 #Rh RFS5NEE

ARy, RAIWARERET R X, FHEERRHED
i Tg (L-FABP: EGFP)fh & i 11 AR B BL 24 5 A= Yo% ir gt
L 25 T S 4R ML, LI LR B B A I 5T
ST AYRAMC BT AL, BT B ERENE (TR
SRR PRI ) (BHEER 2006 4F)EEK . SE50 4]
F&F AAALAC IAE Bt (7K L 28 °C+1 °C, pH 7.0~7.5), At
FER FH MS-222 R Wi s T2

A% Z Wi (thioacetamide, TAA)(EE Sigma-Alrdich
/Al); DPPH(3E [ ALDRICH A +); HIILLF4ER | 4R
fiF(10000 U/g) . FIRAF(30000 U/g)( 132 so bk Ak LR i
WA RA ), 7 A RN BPUA AL RE TR
7| & (ferric reducing antioxidant power, FRAP %), K481k
B8 1 & M 3 57 & [2,2°-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid), ABTS ¥5](m &t @4 ¥ TR IF); 20
TR £ 22 %5 W (phosphate buffered solution, PBS)ZE ik
KM AR R ER AR AR, R E M2 ey
BHEA B AR,

S810R 7=y 7 55 .00 ML (4 I SC A 7 e 1 A PR A A );
DHG-9070 f& XU T8 #L ( b i — 18 B} 2= AL 25 B A A );
AX2247ZH LTFRIFOEE R 0.0001 g, 35 B EEHT R bR 5T
B4 BN 7D); SpectraMax Plus 384 40i KB (FHEES
S FAERAT RN |, SZX16 MBI i . DP2-BSW [
BRERG . X51 BEE BHEE(HA Olympus 24 #));
Forma 3111 BI/KERK CO, H5###4(3EE Forma 23 wl); ¥
0 FRFE A IR A (L BB A D
1.2 XWHE
1.2.1 BAPrb KRB HRIR T ZHA

B ALtk R E I AR dik e, R A T R T
A aligk i, SRIE A SRR EOE R, BEEY A, W
B, HREERRE, &0 VR, WA ST, S
K2
122 #ETGEkE

AR ECE Y B 10 g AL APk T 500 mL [ BEN
H, 2 1:30 (mL, T RDACEHE FEIASEK, #s [E 1h,

FEIBOK 12000 r/min 2.0 10 min, B EVEROBUE MR 48, #tT
J&, REIFE AR KEEY 1.

TR EGE): B 10 g LA F 500 mL [ BE
o, HE 1:30 BURNREL I AZEIRAK, FRHEHR 3% EL AR (m:m)
IS AW e E A H=1:1), 50 °CIFH 1 h, $RBUR
12000 r/min #.L> 10 min, B RBERS, HTE, 5
F ARt KL 2.

it B [ FR BGE D Y B 10 g AR PR 500 mL
BB, % 1:30 PPRHNR LM AZEIEK, FFHR 3% 1L
Bil(m:m)IMAE G (4L E T SRR A=1:1), 50 °CHFH 2 h,
FEAZER R 1 h, $2B0K 12000 r/min .0 10 min, B K
R, W, ARk 3.
123 BRBEIZLEHHOHL

(D)5

FEAFINTE] 2 b, FiE 3%, BEFIEEE 50 °C, WH90RRE I
XA AR K BRI AS Z 0 0

BRI 1:30 (g:mL), B 3%, EERIEE 50 °C, W%
TRt i i B X AT e K SR AR S S )

BHEEE 1:30 (:mL), FEEfFETE 2 h, BEFFEE 50 °C,
A Sl XA A K SR A 5

B LE 1:30 (g:mL), BE@EE] 2 h, B 3%, D50
iR TR X AL AT /K SR AT A e o LR 3 S R 3R KoK
T 1,

£1 BREIWEERKE

Table 1 Factors and levels in the single factor experimental

2 IKF-
1 2 3 4 5
AL L (g:mL) 1:10 1:20 1:30 1:40  1:50
it gt B i)/ 1 2 3 4 5
T /% 1 2 3 4 5
it i 1 2 /°C 30 40 50 60 70

Q)AL K SRR T Z A0k

AWF5Tia i Design-Expert 13.0.1.0 B4 3E4 75256581
550 Mr . TERTIIER IR R LI SN, SBCRHR L .
WpIE] i AR 4 D CHRSEUE A ERIFER, B4
HFEEE 3 KT, W4 BRI KFHERAR. kA
Box-Behnken SEHicIT ik, LiALAbmt KR8 54E N
VMR, T LA S . BRI Z KV BCE TR L
#2.

% 2 Box-Behnken S£381% it
Table 2 Experimental design of Box-Behnken

FSES
KF BHE L il 1 1) T it e it P2
TR /%
(g:mL) /h /°C
-1 1:20 2 1 40
0 1:30 3 2 50
1 1:40 4 3 60
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1.2.4 AAFH R RAA TR

(MR 7K 32915 DPPH H h R 75 K fE

225 SCHR[1STA0J7 3500 5E FE AP 7K #2497 %F DPPH H i
FEWEFRAE ST, 0.5 mL WA REUIER Y 2.4 mL B
DPPH Z (0.1 mmol/L)IR S5, A 1.1 mL 7&K T
37 °CitE e W 30 min, HUS N IEAE 517 nm AL SERE, U
FEAS AR AL AT K320 DPPH [ HEIS R, 115
AR (DFR:

_A2

DPPH H Haﬁ?%ﬁf%%/%ﬁlf%)nm% 1)

Ao 4y RN E B IR OGIE,; 4, I TCK ZEEE: DPPH
VS WOGAE; Ao FPRERE S A0 Ry 288 K AR W B
Q)FE AR K SR 1) B S T
226 SCHR[16] 10 7 B0 5 AL A K S8 00 Bt AL RE
1o B R R R 0.10, 025, 0.50. 1.00, 1.50 F
2.00 mg/mL FFEAIMKERYIA TR . BUS pL FESNASIES 180 pL
FRAP TAERINA 96 FLEFFRAR P, FE40 R 515 F 37 °CHRIRIZ
N S min, FEIFTE 593 nm AN E £FE IR
@R A KSR xR 1 B R B AR
22 SCHR[ 141009 5 200 5 A AR K B A 2 1 PR 2 3
FRAETT . B SeEC I B W B 43 7 0.10, 0.25. 0.50, 1.00,
1.50 Fl 2.00 mg/mL EJAE AR KRR F2 A HEETHBRR
PRI 5 A AR B 6 10 B 5 R B R A T K TR
DURE S5 R R S8R S5, A 6B THAE 550 nm
T AR AN R 25 W P AR T R B . MR I A (8 R Y 2
P, PTERA B S ) R A i K SR X A R S 3
B, PP AR TG . THRA R A R Q) PxR:
B2 1 1 s vem SR A 000, ()
Axppg — Aze
ft':'] A ‘{Uﬁlﬁj,‘jﬁlﬁlgﬂu&jlﬁﬁ; A »rudﬂﬁﬂﬁéﬂﬂlb“ﬁﬁ; A »;u'j‘]?f
BELSHIER
(@RE A KSR ABTS FHESF B B LSRR BE T
2 SCHR[ 1718 7 B AL Ak SRR ABTS FHES
FH i 2IEBRAE ST . 1 SEECH BT R R 0.10. 025,
0.50. 1.00. 1.50 F 2.00 mg/mL HyAL A KIRMIER . B
10 pL FERVAETRS 20 pL 3 FTA 170 L ABTS TAER T
SRS, SRR G UL B THE . SRR R FEHR
S NREOEIEE 6 min, [RS8 K AR Ry s R B
i AR AAE 405 nm PR AL E 454 S OB EE(E, 4%
ARG R
ABTS BB T R % 220 1009 (3)
%1
o B annZ&IB/K 5 ABTS VS 5 WO CE(E; B ws
FoRFENL S ABTS IS5 B BEAE
1.2.5 AAPetRB G699 AT E M
22 SCHR (18109 7 A I A A A B M B T 1 . BRE

Thf e R 5 BRI FRAE L §3 0 500~550 pS/em BET £
TRIFEE P GEAR, 7K 28.5 °C, pH 7.5+0.5), JEHAEHI N 14 h
JEHA/10 h BRI, A A IR LA T30 IR PR A I L 11
RO TCIT Gk, HEDRET, Bk 2 JERRHEL A E R IS
e, MR 11 PR RS ERT P, A RN A D
MR, TR, W HIE RS LR, (RS0
Mo 3 h JEUSCARAERE S O (5 BB B BRI 0, A E3 K537
(5 mmol/L NaCl, 0.17 mmol/L KC1, 0.33 mmol/L CaCl,
1 0.33 mmol/L MgSQ,), BT 28.5 CHiFEMI HH;3%, 10 h
JEPRIEIEON . R BRI — K. AT IE®E 2R
J&i 3 dpf BEhfaglita, BENLSTMZS PO IREL (U E3 FRfok,
H Ctrl FoR) JEREZH(F B3 FRA/K BRI L4 A 6 mmol/L
H) TAA, FI MC FEoR)., FEAMALERZA(PIF 6 mmol/L ) TAA
DL it MR BE 43504 50, 100, 200 pg/mL AR 7k
YK, IAF] 12 FLik iR, 90 10 44, Wik
R 3 mL, % 2 MESL AR E T 28.5 cCHEFRAE
Kigt 3.d, WRBEHBEE KR . BER s dE AR oK
Ve RIREA AW, R EE, H 0.3% (gmL) = RH
JFRIE 1 min, 7ESA LR NERDE A LD A E
REMINL, FEZSERME NI, FIA Imagel-win32 I
BE LA JH R T AR, DAZS (O BRI TR RRAE S 100, T
AL FRAL AR XS SO AR TSR T HAR

1.3 HIFEAIE

AT % Microsoft Office Excel 2019 #4743 AT
A5 B R W, L BE M ST oA 5 E A E o
Design-Expert 13.0.1.0 #R{FSE AL, 32501 3 2 1T e 1o 16
MR A S0, X SR A T AR I Ay 25
Mr, DATFAL £ D828 0 ) i {8 A s i A B e Hoag HAE A R
JHI GraphPad 7.0 #CPEXT4 G M L 00 Bdim - AT 4 114 #r,
FE b AL R EE LY 5 Bl iSRS A AT LR

2 GER5HH

2.1 ARHREF AN KBS AR

[ A FR IR | R B [ 3 BRI N A B G AR B
FhAPM KRR, W 1 TR, S5 ER AL Rk SR 1
RERAYHIN 21.76% . 29.67%H1 17.94%, W BHH B a1 7
BULSR B AT K B P RS 238 5 TAR G0 5Tk o W 1 e i 4
TS B 19 250 5t BE 58 5 T Do 3 4 T3k 0 il A SR T2,
AT RESE AL IE AN ABE BN, I A ARG a3 B H 1o
FRE gl — A B AR Sy, AR L, TRE R IEE
KA, FEA AL R, TR RN,

22 BEHEILELER

22,1 BRI ALY TR IR AT F 49 R
Kl 2A IZEER], BRR XS AL AP KR R R HAT
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Effects of different extraction methods on the yield of
Eucommia ulmoides leaf extract

BER, BEE RN AR, KRR S B B A
Fhiad, HorE 1:20 (g:mL) % 1:40 (g:mL)ARHE HLTE R,
PRI KA o B35 SRR HL R I 1:40 (g@mL)JG, 1551
A T2 o 13X — B4 AT U DR 7 i S A o B R A T
RV T AT R 4R R E AR L 3 th sl 20 AR,
o 1 PRH HE 2 S ORI RE SR, R B R S Sk
g LN a3 e N O O WY1 £ e = T 20 1o 7 P Sl
GIAT, O AN B ORI R AR, AR BRI IR 1:20
(gmL)E 1:40 (g:mL)VE A R 1 S5 50 AR L L1631
IR ISR LA S A
222 BRI 3T ARAR o K IR M AT T 6 vk

Tt fege BT B 2 e A 20 PRL G RE R B A G 1L 2 S8 H
Besgma kAR KR53 INIE 2B FTLLE H, Bl B
N ] 4 S K, K B A5 R S B R A bR, oo

A

Fig.1
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1H5/%
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0 1:10 1:20 1:30 1:40 1:50
B H(gimL)

201

133/%

HifE/%

1~3 h PRI P, A5 A KI5 oy 2 o i A o ]
3hE, RN T V52, R AR A 4T
VEFAZREIEES o« 1X— PG TT fE -5 A L BE 1 7 o ) 4
H O TERIAR B, Bl A7 A FHAT O SR At i e 25 g, ik
IS A7 (EL R TR AR B) A B, 2 R0 404 il B
EL Bl R ffp I, 4k 22 i K AR BsF 17 X 75 2R A SRR K . 2
BRARPY, BT, PR BGIOR S T 24 bk, A5
TEFE 2~4 h 1 A I 0 TR S 50 14 T AR ) O ARSI L, AR A2
T LR AR IS 1R] S8
223 EE AP KRG R A

el 2C fR, BEE IS g, etk
A I R g, O T EEE RN, ik T
PifFfe S R R, NI T BB U AR S35 5]
3%, ARERBE KB, ARAP KR A RO B
PERGIN, WA T, e RE, KYEEAR
T BRI T A SO (%, SRR TP %, Hittik
& 1%~3% 1 A 13 18 1) i 5t 2% F
2.2.4 BRfEIRJESTALAY et K I AF RSl

(& 2D SN T AR R T XA A 7K B A A 2 1) B i
B 7 30~50 °CIREXEN, MARENTHR, R
B S THE S, FE 50 °CH ik BIEAE 30.84%. SR THT, 4k
FE#L 50 °CJa, $RECRIFAR TR, X ATRER i Tl 3
Mt 2 AR PR G TE, TTRRAIR T MR 805 . 7 40~60 °CIY ikt
FEIEEN, RIG AR R KO . TSR, [
B2 B0 Tl kA 7 M REFE R R, ADFF1EHR 40, 50,
60 °CAFE Ay Wi [0 THT 512 56 4 TR AR 9L B8 ARG AR 7K, DA AE SR E
PRI B RS20 T 2 B e Ak
B

451
40t ¢ ¢ {
35t b

T
15+
10t

5 -
0 1 1 1 1 ]
0 1 2 3 4 5

D Jf A A ) /h
351 c ¢
30t b b
25+

S 20 1

g 15t
10}

5t
0 !
30 40 50 60 70
THFILE /°C

TE: BRI NG SRR 7R 22 53 .35 (P<0.05)
P2 BHELL(A). BEEHESEI(B). A (C)FIRE R iR (D)X AL i K 38 WA 2 1 5 i)
Fig.2 Effects of the solid-to-liquid ratio (A), enzymolysis time (B), enzyme dosage (C) and
enzymolysis temperature (D) on the yield of Eucommia ulmoides leaf extract
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2.3 MO EAMAA KRR TIZ
23.1 vhEEERE AR

TESE R IR RS, AHESE LA At K 4R 15 R
WIENFERE, SR Box-Behnken 526187 A T 6 0 T
et SIRVETT T R AR SRR LR 3, itk 3
) S 3 B HE (A T 22 oT Wl UA A, ST T i 45 BB 2R 5 0 iy
EZ 26 RAECFBR, HEIHRIT: R=36.85958+
0.0972674+1.976B+2.94733C+2.23225D—0.034254B+0.05754C—

0.00234D-0.0275BC+0.085BD+3.9694¢ '°CD+0.0013364>
-0.123917B8%-0.311417C*-0.021514D%, H: 1, R L34t

IKEEIFER, 4. B, C. D I3iFIR 4 DB E PR EHRLL |
BRI IE] | P . BEARIRLED ). TR T A R A
Tt SEH IR T, AT AT S A TR R B AR AR R
(EE AT

®3 WEEASERITRAR

Table 3 Design and results of response surface experimental

232 FENH

T4 M 25T aE R, Fra sy i AR R B &
BB % M (P=0.007<0.01), H & #l W A~ B F
(P=0.1257>0.05), ULHARIARIPIG RAT, REAS 0 i e B
FHWNEZ RN X R BT a8 PRI, &
BRI REep, AL C(BFR)FI D? T kA K SR 45 R HAT
A% S0 25 5 ) (P<<0.011), 17T il A B (1) Xof Ak A it 7K S 75 ek
JAE R, AT AR YR LA R WS, R
AT ik ) RS 40 57 o 2 B 30 4 o 98 (BRI A 308 P o7 A D,
IS 38 T A s 1R JE 7R — A R A

HE— 40 F Rl AL, B RS 3R A R A 2
S M FRONERS, 45 TR AR AR R iR (C)>
Tit fige 16T [14] (B)> e 1l B (D)> M [ (4) o 3 — S5 R 482 1
SR T E BRSNS, FITEA KSR R G R
I A A 56 T iR A R, VR R WA B I A O Ak, TRORRE
RAISE AR EPOE N

g ACGHRIY)  BRWEE - Ccoipit DO fik
(g:mL) A ] )/h 1% BB/ CC /% Fz4 HESHW
1 20 3 3 50 30.51 Table 4 Analysis of variance
2 20 3 2 40 28.55 VR HBE ¥ F P U
3 30 3 2 50 29.01 B 78.1400 14 5.5800  6.3700  0.0007 #%
4 30 3 3 40 27.52 A 0.9976 1 0.9976  1.1400 0.3039 A
5 30 3 2 50 29.59 B 3.9700 1 3.9700  4.5300 0.0515 AEFH
6 20 3 2 60 28.55 C 385200 1 385200 43.9900 <0.0001 ok
7 40 3 1 50 27.63 D 1.6700 1 1.6700  1.9100 0.1886 A3
8 40 3 2 40 27.17 AB 04692 1 04692 05359 04762 A%
0 40 2 2 >0 2832 AC 0.0132 1 0.0132  0.0151 09039 A
10 30 3 ! 40 25.22 AD 02116 1 0.2116 02416 0.6306 AW
11 30 3 2 50 30.39 —
3 I 5 5 m 60 BC 0.0030 1 0.0030  0.0035 0.9540 AEE
= ” 2 5 50 IRy BD 0.0289 1 0.0289  0.0330 0.8584 A
1a 30 2 3 50 31.08 CD 0.0000 1 0.0000  0.0000 1.0000 A
15 30 2 1 50 26.60 A 0.1157 1 0.1157  0.1322  0.7216 A
16 30 4 1 50 27.40 B 0.0996 1 0.0996  0.1137  0.7409 KREF
17 30 3 2 50 29.01 c* 0.6291 1 0.6291  0.7184 0.4109 AR
18 30 3 2 50 29.36 D? 30.0200 1 30.0200 34.2900 <0.0001 b
19 40 4 2 50 29.59 W 122600 14 0.8757
20 30 3 ! 60 2648 RHIT 109600 10 11000 33800 01257 K@
21 40 3 2 60 2625 MR 13000 4 0.3240
22 30 2 2 60 27.29 S 904000 28
23 40 3 3 50 31.77
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Fig.3 Contour and response surface plots of the effects of various factor interactions on the yield of Eucommia ulmoides leaf extract
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