547 % 4 16 i Tl B Vol. 47 No. 16
2026 4 8 H Science and Technology of Food Industry Aug. 2026

N, WitE e, T8, 55 B ZF R BRI MR AT S A 16 A Kkt 55 il B2 s BT 2 AF T (0], B0 AR, 2026, 47(16):

1-1

LI Weibing, YANG Haixia, WANG Feng, et al. In Vitro Antioxidant Activity of Zizyphus Jujube Bud Tea Extract and Its Anti-aging
cts on Caenorhabditis elegans[J]. Science and Technology of Food Industry, 2026, 47(16): 1-11. (in Chinese with English

Effe

1. doi: 10.13386/.issn1002-0306.2025100073

abstract). doi: 10.13386/j.issn11002-0306.2025100073

BEREE—RRAETUFEEFTRERARRENR (FELH: FEIEKER FE

ERE)

BRAZF R BB ML E AT
Bt 75 i B2 S gL T AR

EWC, iR, E B, BB, Fam
(1oL @GR K SR A 5 T4, Ll K4 030801;
2IEWRF IR AGAF R, L TIE R 044000;
3P A C R e AR S B R 3 E, L dIE R 044000 )

W OE:R4: ATWIRRTRRFECEARRBRDGRAN TR FRIEH R ERRENER. Fk: A5
AR R F R AR, MEREREGCE (25%. 50%. 75%) RBApFREERE (50, 75. 100 C) 7J<:bzﬂx%
EEER, BB AE. MM ANREN, FRARKCERRYFKRBRMITHFREAT R RRREE DGR, ¢
K 50% CEERB A 100 C KRB FEHZK, EXAASEHHH 26615, 177.61 mglg, % a?\/\f-/\%wa
399.07. 278.65 mg/g, RERAEFEZH 0 O hAFR K- AR LR A ESANRE S (P<0.05) ; AR T
EREEZRKEFG (5 HEK 20.83%. 833%, P<0.05) . REHMEFREAFE (FUFINREBH. L EAB
. HILEAKEAMN, P<0.05) , HAERA X RIKAAZ AL (superoxide dismutase, SOD) . it # 4L A &4
(catalase, CAT) &M, MMKEAMBT (0,) . LAMKA (H,0,) #7W —# (malondialdehyde, MDA) 49
A (P<0.05) . Bk AEEF, 50% CERBMIL 100 C KRR AER S K RIKA CAT Fi, M1k MDA #
e, EREAXRAREFS (P<0.05) ﬁ@é@iﬁ%{ﬁc- 100 C KRG M AR FH & RIK A SOD FH (P<
0.05) , MIK& RAKAN O, F» H,0, & ¥ (P<0.05) FRI;I K RIUEFTILAR S (P<0.05) F@RIARIF, &ib: B
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Abstract: Objective: To preliminarily investigate the antioxidant activity of ethanol and water extracts from Zizyphus jujube
bud tea and their anti-aging effects on Caenorhabditis elegans. Methods: Using Zizyphus jujube bud tea as raw material,
this study determined the total flavonoid and total phenol contents, as well as in vitro antioxidant activity of ethanol extracts
with different concentrations (25%, 50%, 75%) and water extracts at different temperatures (50, 75, 100 °C). The optimal
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ethanol extract and water extract were selected to evaluate their anti-aging effects on Caenorhabditis elegans. Results: The
50% ethanol extract and 100 °C water extract exhibited optimal activity, with total flavonoid contents of 266.15 and
177.61 mg/g, respectively, and total phenol contents of 399.07 and 278.65 mg/g, respectively. Both extracts maintained
high levels of free radical scavenging capacity, total reducing power, and total antioxidant capacity (P<0.05). Additionally,
both extracts extended the lifespan of C. elegans (by 20.83% and 8.33%, respectively, P<0.05), enhanced survival rates
under stress conditions (anti-ultraviolet radiation, anti-high-temperature heat damage, anti-hydrogen peroxide oxidation,
P<0.05), and increased the superoxide dismutase (SOD) and catalase (CAT) activities in C. elegans while reducing con-
tents of superoxide anion (O, -), hydrogen peroxide (H,0,), and malondialdehyde (MDA) (P<0.05). Notably, there were
distinct differences between the two extracts. The 50% ethanol extract had a superior effect compared to the 100 °C water
extract in enhancing CAT activity, reducing MDA content, and prolonging the natural lifespan of nematodes (£<0.05). The
100 °C water extract, by contrast, exhibited better performance in increasing SOD activity (P<0.05), decreasing the levels of
O, and H,0, (P<0.05), and improving the nematodes' tolerance to adverse environments (P<0.05). Conclusion: Both

ethanol and water extracts of Zizyphus jujube bud tea exhibit significant in vitro antioxidant activity and can delay the aging
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of Caenorhabditis elegans.
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SIS el . L-BRAAR . Ui UMk | AZ TR AH R
S5-F-2"- AR 1 (5-Fluoro-2'-Deoxyuridine, FUDR) |
WRARER . a-Z3lE . VKR . SAFREL | PSS . XFEFEK
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1.2.1 PRACZEAEERY BOKEYIHIES =% WANG
SN P IR EAE R, R 3 A BRACZRAS, By 10 g,
¥ 1:20 BILEH, 435918 TF 200 mL 25%. 50% F1 75%
LBEHSE T, 40 °C 7K 48 hy TR BRI [W) BT 2 1)
PRALZESS I = A5y, 4358 F 200 mL 50. 75 °C /K
F1 100 °C Wh/K#H 30 min. /KBS )G, {8 A6 I
TS IR A ZE SR, AR A TEER 7 R SRR
M OME, IR AR, G B 2SR TR
1.2.2  PRACZESTERHUY) B B R AT R I 5 i
1.22.1 MRAEZFRLFISEZNE SHEXNRE
LM TR FEEE S, DA T bR Bl A5 AR v 2R
R Y=0.2003X—-0.028(R*=0.9994 )(X & mg/mL ).
BURAL ZEZS R B R 0.2 g T 2 mL /Y 70% &
i, B2 0.05 mL PR ZEASHEHY, ARYRARUERT 2Ry
HIVEZLRIM A, g5 S th 203 BT E mEs e Fn
IKEEY BRI B, BN me/g, BRI
RE 3 IR BN A AR
CxV . xV
mX Vg

S R (mg/g) = X (D

s C Ayt AR RS S RRIVRRE it B EE A 1
WRE, mg/mL; V, MFE S E 2 SAREL, mL; V RRE S,
FEPOR SIATH, mL; m SRR SRR, g5 Vg S (6,
PR B R DR AR, mL .
1.2.2.2 FRAEZEA G S RNE S35 EUlE
ITEFEE IS, LA TR s ih, A5 PriEth 87 72
N Y=0.6492X+0.1391(R?*=0.9996) ., KPR ZFE 552
KR 0.2 g T 2 mL PYZEM 7K A, B 0.01 mL
Pl A ZESS R HUY, AR P oA ph 28 A0 IVE ZE SR i AR
I, 45 G AR HEITZR o A FK S S i &
HE, AN mg/g, BEDRERCSTATIIGE 3 UK. BN AL
PTHE AR
CxV,xV
TmxVs

U C Sy HARHE I ZRTA HE R DUVRRE l E r ve
B, mg/mL; V, AR E 2 SAREL, mL; V MR R
BB, mL; m ARE SRR R A, g5 Vg A i i
W A R A, mL .
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1.2.3.1 DPPH H HILERFRME =3 JO HFM)
F IRV E RSl BU B 0.03125. 0.0625. 0.125,
0.25. 0.5, 1.0 mg/mL [ [ & 4 F1 7K 32 9 5 W 4%
1 mL FE.LEH, LA 1 mL DPPH IF#, ¥&40 )5 ik
G 30 min, 7E 540 nm AL 5E W OGARL, FEANRE G
AT RE 3 IR, i 2 C(Vitamin C, V) A BHPEXT
8. DPPH H H ISR ARN:

Ry & E(mg/g) = A (2

DPPH H H1 3 7EFR R (%) = (1 - Ai;CAj ) % 100

A (3

A Al RS S DPPH ISRV IO GIE; Aj
A HTE/K L EEFEA, DPPH ¥ % 9 X5 BB 4 T YGAEL Ac
SHATJG/K 2.5 DPPH 3IRIR A B AS A OGIE .
1.2.3.2 ABTSMHE T H HILE KRR E SF
RUMPF 25" (1) J7 1k s AE ok s, Bk 224 0.0625,
0.125.0.25, 0.5, 1.0. 2.0 mg/mL FIEEHE FI/K 324
WA 80 pL T LT, A 1.5 mL ABTS W,
P4 JE GV 10 min, 7E 734 nm A8 G2 WK SGAE,
FEAEESFATIAE 3 IR, Ve MBHPEXTRE . ABTS FH
BT H HIEBRR AR

ABTSHI BT 1 LI 1 (%) = (1 —%)x 100

X @

XA A, HEESL S ABTS 38R0 B9 W OG AR
Ay HTE/K ZBEY ABTS IR G 025 4%
FAH.
1.2.3.3 SARJERE MG S a1 )y g
VEME A, SR AHPE AR s, BOKREE 1.0 mg/mL 19
BEEEYy . FKEEYT . 1.0 mg/mL 19V (BEPEXTRR) 2818
KCEEFD4S 0.5 mL TE P, A 1.25 mL (9B IR
£ 2% % (0.01 mol/L, pH7.2~7.4)F1 2.5 mL a4y
1% MEFALET, IR SIS & T 50 °C KV 20 min,
WAJEIA 2.5 mL BTE 5340 10% 1 =5 L%k
S, AR T ABS CoHLH 3000 r/min BS.Cx 10 min,
B EVEW 1.25 mL, il A 0.25 mL JlEE 4340 10% 1
=& Ak I 1.25 mL ZEMR/KIFIR ST . A€ 700 nm 4b
M2 SR, BRSSP TIAE 3 IR Bk R RE )
EA RN

BRI #O0 =25 x100 2 ()

Ve 0

b Ay HFES I SGAE S Ay s 1 (ZRIBZK)
AW SGAEL; Ave N Ve BRPAGT RB ARG
1.2.3.4 RPiELLRE M E =75 BILAL 59 1Y
7 mEAEAE L, SR B S BR Y, BUA & 1.0 mg/mL
AOEEHEY) . KIEY) . 1.0 mg/mL B9V (BHMEXT IE) Az
ZEMBK (ZE D45 0.5 mL T8, AR 1.0 mL
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W, 1.5 mL 4 mmol/L AR %, #ESGFR I H 90 °C 7K
% 90 min, WK ET, FE 695 nm AL 2 KGR,
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AN (T RS E A, Bl il 500 mL £k HiA
85373 (nematode growth medium, NGM), B 7
FF B OP50 B R R4k 55 55 i, FREXEA PR Y% 7 37 °C,
220 r/min Z5FE7 3% 12 h & HoxH 504 K (0DS9s
nm=1.00) , K B IR A 25 NGM 15 73 3L 2 i il HC

HTHTH ) — 20 &, B R B E T, 20 ¢ fE5iR
1538 48 h,
1.2.42 LA FWIILALBRNZS 25812 S5 32

SEUST i Iy B R AVEAE 2, LA 5 mol/L SUEAL NI 5
5% REBRENTERTE 1:2 BIRFR LIRS 1e il 43,
TGS T PR /KRS P9 ) R B R 2k B vh vk B B0 A
IR, IR TS, FHICRIZK R 2 s
TE 3 U, M L UPBEL L ZE NGM SFA4R 1, 20 °C 1E IR 5%
PR EGFE 2 d Je O A H AL L4 WALk i, B AT 58 AL
[FIHA1E
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LA IE 3R B S 5= 19 28 J, I 28 AR Py SOD,
CAT 7% 0, - H,0,. MDA HJ& .
1.2.43 ZdFHFaille =% HUI 5P i mfE
Rk, [FI2ERRFE L4 BHIROZ R, 43 5IHkE 30 4522,
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WSPET- BRI RSB T AL R, R RA— &Rk
HFET M IR, SRS 3 K.
1.2.4.4 ZRBPLHAEEAENE RN E S LIN 550
M EREVEIE R, 45253558 5 d )5, ekt a4
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i‘ﬁﬂ 220 1 3
=
;ﬁ 200 A
i) c

180 1 /I

25% T 50% [ 75% T

20%. =% ZHANG %522 [k FEEIB o, 45 2555
FE 5 d 5, BB ETFRIERE H 20 °C FHE & 30 C,
T 1 h, 585 35 °C 254 F, 5 1 hidF—IR& R
FIZET B TP PE T L, BT RN 20%.
SIS (TR R R, 2R 7 d A,
PR AT 2 A U 528 0.01 mol/L X A/K [
NGM F#z i, 45 20 min iC 55— KLk HAYFET - &=
FEPRHFET AR L, HBAEE RN 20%, DL S5
23K,
1.2.5 ZRHBRNPTE LIRS KL%
E L PEPEHUE . KPR B AN X BR 2 NGM S H H,
20 C EIREEFE 5 4, LR B rpe 2 .08 It id sk
Hopr e, AR . B0, B LER A . &% LIN &P
T IEINE SOD, LA:43-4h 4 sa gk B iy Sse AR 2 X
U DU S\ A T A D 50% Sy — TR LA
(U/g)Frn. =% DU EP ikl CAT, PARg:
TELR AR B IOGIE I 0.01 S 1 ARG P BAA
(Ulg) . &% LEI 5508 [k, M2 A v gk P iy
O, &, 5 R L pg/g #/R . =75 LIN 5P
BT, DIE AR e 2R R Y H,0, i, 45 s LA
umol/g Fx . % FAROOQ 2581 [y Jy i, ) 5 15
TEZR I EY MDA i, G5SR4 L) nmol/g FoR, LA
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1.3 HIELE

R4 G PEAT 3 R, Bl FH OV 2 b o R
(X£SE) # 7~ . JH Excel 2019 & Origin 2021 %4
YEE, FH SPSS 27.0 #4147 B R 22 7 2= 43 #r A
Duncan's ZH b8, 225 W& /KA P<0.05.
2 BERS5HH
2.1 ARAFRREHMNBREAFRDENL B E
oA

aE 1A Bl 1B R, 7Rl S =i, 50%
2B B B TR o 266.15 me/g, b 25%.,
75% < BEEEHUY 43 5 = Y 46.69% 5 18.79%( P<
0.05); 100 °C /KEEHU) L BEHR & /|~ 177.61 mg/g,
Lt 50, 75 °C /KEEEA 5355 219.79% 5 55.46%
(P<0.05)., WK 1C. & 1D Frs, TEmmy & EmlsE v,
50% L PBEHE Y Sy & 399.07 me/g, b 25%.
75% . BEEE Y 4 = 28.48% 5 20.35%( P<
0.05); 100 °C 7K $2 B Sy 275 278.65 mg/g, Lt

B 200 ;
160 A

120 A

o

N i (mg/g)

~ B

80 1

=1
Py

C

ol

50 Cafizk

75 Calisk 100




%4748 % 16 ZEHIA S5 TRACEAR U IARS M TR AT BN 75 T e L S E -5
C 420 - D 300
400 2
1 E 270
2 380 % %
g7 E 240 1
o8 360 - i b
& 4L 210 =
= 340 b &
s =3 i)
320 c 180 A .
7 150 |
25%L T 50%Z. 75%Z % 50 Calik 75 C4lisk 100 “C4fi/k

K1 R IBORAE IR 22 S (A B) SXUEE (C. D) & 52
Fig.1 Effects of different solvent extraction conditions on the content of total flavonoids (A, B) and total phenols (C, D)

in Zizyphus jujube bud tea
TE: AR PR FR 22 57 .35 (P<0.05), 8] 2~I51 3. & 5~I4] 6 [F].
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Fig.2 Effects of Zizyphus jujube bud tea extracts on DPPH radical scavenging capacity (A, B) and ABTS cation

radical scavenging rate (C, D)
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Table 1 Statistical analysis of lifespan and stress resistance assay data of Caenorhabditis elegans

£zt S TG A (5%) -3 A5 i v A K A i

50% BRI 30 22.40+0.30° d 21.5+3.14°d 29+0.91*d

Ffr 100 “CrKH2H 30 19.57+0.11°d 20.5+1.57°d 26+0.91°d

payiizei:| 30 18.47+0.11°d 19+1.57°d 2440.91°d
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WK 4D FiR, 1EXSER AN BEEAE TR, X FEZH 28 Ha A7
TSR BERT () 2R, T 180 min B S 22.22%,
TE 72 Z 180 min N, 50% ZEEFEEUWILHFN 100 °C 7K
PRI A 2R A7 R i s R R ZH (P<0.05),
S YA AF I R A B BT BE LR 27.00% AT 31.42%
(P<0.05) . AL, X B8 2H £k o (%) e A7 7% 5 6] Sk
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