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Abstract: P. amaryllifolius Roxb. flavonoids are considered to have better biological activity and potential for application. To explore the
extraction process and composition and antioxidant activity of total flavonoids from Pandanus amaryllifolius Roxb. leaf, this experiment
employed ultrasound microwave assisted extraction technology. The optimal extraction conditions were determined using single-factor
experiments combined with response surface methodology, the composition of extracts total flavonoids were analyzed by high-performance
liquid chromatography-tandem mass spectrometry. The antioxidant activity of the extracted flavonoids were evaluated through DPPH and
ABTS" radical scavenging assays, oxidative radical scavenging tests, and intracellular antioxidant assays. The results indicated that the optimal
extraction conditions were: ethanol concentration of 74% (V/V), liquid-to-material ratio of 10.5:1 mL g™, extraction temperature of 61 C,
microwave power of 530 W, ultrasonic power of 350 W, ultrasound and microwave time of 20 min, and total extraction time of 25 min. Under
these conditions, the extraction yield reached 12.14 mg g™, It was identified to contain 22 flavonoids, such as quercetin, rutin, and nobiletin. The
flavonoids from P. amaryllifolius Roxb. leaf exhibited potent antioxidant capacity, effectively scavenging both DPPH and ABTS" radicals, with
ICso values of 54.4 and 141.3 ug mL™ respectively. Additionally, the flavonoids from P. amaryllifolius Roxb. leaf showed significant potential in

mitigating radical-induced oxidative stress and reducing intercellular reactive oxygen species. This experiment provides technical support for the
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extraction and application of P. amaryllifolius Roxb. leaf flavonoids.
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antioxidant activity
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Table 1 Design factors and levels of response surface experiment

S1

&
KE A (TEARBRN) % B Cidhk) (mLgl) C (3BIUEE) /I'C D (Bksh%E) W
-1 60 5: 1 50 400
0 70 10: 1 60 500
1 80 20: 1 70 600

1.3.5 A& 5ot EERIRIRM 69 B AT
T IS VRAE i BRI S (HPLC-MSIMS)EAR 7 AT S B i 3 2H i, €63 254 C18 4343 (2.1 mm>60 mm,
2.6 um), WAIHHA 0.01% ZB/KIER+ TR 288 (11, VD, &N 03 mL min™, BEEVEm, HEh 25 C,
EENHRERIESE 4 C, BEREARUN 2 ulo TS 251 : IR 350 °C, B/ 15 L min™, Sl <% 4.5 L min™,
WCAARE 0.3 Lomin™, FUBESE HEIE 3.8 KV, B4IAIRE 320 °C, 4 MS 43¥#%: 60 000, MS/MS 43 ¥ 4 15 000,
3
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AAPH ¥R GHRRZEA PBS 1RE) . /5t 96 FLBUBMATIFAE] 37 CHIZ RT3 B BRI K 485 nm, R4
WK 538 nm, AERE 10 min 103X PG, FrEE 60 min. KRR TOGE AL RS 3T EER 2

14 HEAHE

% F IBM SPSS Statistics #ft347 & E M2 7047, Design-Expert 8.0.6.1 #fwt4h BgbAT w204, N
Origin Pro 2021 #AE1ER . T RGBT = IR EE FEECTFME, P<0.05 Mk e NZE 703

2 GZR5SHT

21 BEERILIHER

B 1A ATHL, BEE CEEAR S (VIV) RSB & BB e, 7R 70% (VIV) B, SR R A
10.77 mg g™, S T HARSM T RS A& (P<<0.05). {HIFIN 80% (V) ZEER, IR, Xl
BE T 2 e SRR M e v, ELAE vk BT h R PR AR, 3 ELA A A 2 o ),

B 1B AT, BEESRBUARIIIG S, ERORIEE A 10:1 I BlH & & e 10.75 mg g™ Bl EHEEUE 2 T
o IXATREH TEMRHE R ERT, &SI IIPRIGR AT I S R Bl AN, e SR R A,
RN 7S HBEERAH R, 0 R, SRRSO TR LD, oA THRIOR H Ak
PREGR, 8 pA,

1P 1C 7T %0, BEFE A T i 200~350 W IR 85 & By 11.67 mg g™ 4R A T 400 W IR 23T B
A TX AT REAR M P D)3 KR, SIS TERE S (R R R AR R SO A, By
{EHE S ) 2 R R e i R B AR R U, X S B S P S R i, (SRR i b
%, Frbhife A Th %)y 350 W,

1P 1D T, SR A P I I ) B D S B T A%, 7 20 min B 11.47 mg g, TR L
HESH) TR . XATREM TEIRIUE A )G, FREinava (45 1A 238 i S EER IR N R, R e
20 min®*,

1P 2A B, TN 200~400 W B SRR & = TN, $nBOA PR, B EE (P>0.05). B
TR A D A PR BE 77 A — 2 BB, (ER SRR B WIE R 2 R Mk D% 500 W B2 BUE i KN
10.90 mg g*. MR IhRE N, EERE I e R BRI . FRIEOKSE, I TTRE S5 B S T
PCAHRED, ORI B R R M S B R e R R R AR L A i gt

P 2B AT%0, BGOSR AE K, SN R ISR T S R RIS, 7R 20 min B EA
11.14mg g™ HDARNEKI IR IS 2 Wap BE B, 5RO FERAR, S ERdN i Y LA R KRR . R AT RE S|
KBRS S SR B, TSRS, Fr At 1) 20 mintl,

HE 2C mAl, {E 30~60 CHYFEAE SR AW &, HEHS EWIEEHES, 76 60 CHHEHE & E A
11.53 mg g*, 70 CIIFAA TR, XATAE M T iR SR BGAFHE R B HUE ISR . S oh, it 25 s
KAEMIIREE M, iR A B A A LA i B,

HH &) 2D RIS, 4HREUNE] 25 min B SRECE R 11.67 mg g™ 3X AT RE S BRI (A7 m T R AR 4
F RN A ER LR D o 7 A 3 st SR DT LA 2 DLV 7R 0 S8 I 2R Jo - M) RO FAR %, i DA BB BN 1) Ry

25 min*®l,
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HRAE AR IR AN R, B4 8 7 e SR S SRR B B A5 DR 0 350 W A5 8] 9 20 min IR 8] 24 20 min
PARARBGEE Y 60 Co (EBLELA B LABRINER . LN MM SAE R RITLREHIE, S Dk AR ARy
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Fig.1 Effect of different factors on the flavonoid content in the extracts of Pandanus amaryllifolius Roxb.leaf
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Fig.2 Effect of different factors on the flavonoid content in the extracts of Pandanus amaryllifolius Roxb.leaf
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2.2.1  vh L ) KRR R R EAR R AT

K] Design-Expert 8.0.6 500 i 2 [ SEAG B HEAT 70 AT, S5 R 2. e JEr B B R SR IR S 1Rl T
FEA:

Y=11.52+0.78A-1.13B+0.44C+0.8D+1.08 AB+1.26 AC-0.32AD+0.28BC+0.02BD+0.7CD-1.61A%0.69B-0.002C*
0.69D% ZAEAI 7 2 40T AN R AR IO 3 k. Hi 3 I, F[E1J9 19.75, P<0.0001, E£Wi%
PRI 3 5 ST P=0.135 6>0.05, HRAL SCHLLREA i35 A2 IR Y E R R%=90.38% it B ZAR AR LL A A5 RLAT
—I A, By C. D Btk (P<0.01); ZHI AB. AC MM EE (P<0.01), CD &3 (P<0.05); A’
B?. D* Mtk (P<0.01). & RHR*=0.9519, ZBAIA MR, bl R MR RIMKR, ol
DA SRR s SR, HARYE F A8 T ) W & i A Bt 7 g SR S SRR R 152 RNy RS> TaR )
RS FERUR > CRHATR 734

LR A (A WEHEE (B $REURE (C) MBI (D) FIZRMAE AR R el s B S R 52 1)
me ST 2R B N 3 . B A0 A F By AR C. C Fl D Z (A5 2R B4R, I 3 28 FLAE F G i R AE
I, 50520 AR, Hr AR B, B il C sk TR, RFIXPIN A2 BAE B R
SR I SRFAAR BT AR RV T EAT R AR MERVA A S A 54, YBORH LI AT DA ORA 77 5 SRt [1]
TEAE RS IOWREERRRE . M SRR S B, DL Z B AR SOk L 4 1 e 7 R S SRR T 2
HAREI R AR ELAE

< 2 MR EIRI ST FIEER
Table 2 Response surface experimental design and results

A&

ey (ZEHARA4C) % B GRAtie) /(mLg') C (BREURZ) /T D (#uksh®) W SR )
1 1 1 1 0 12.1240.19
2 0 -1 -1 0 11.4040.32
3 -1 0 0 0 6.0540.15
4 0 1 1 -1 9.7840.02
5 0 -1 1 0 11.7840.79
6 0 0 -1 0 9.2840).15
7 1 1 0 1 10.9740.72
8 1 1 0 -1 9.9940).02
9 0 1 0 0 11.0540.30
10 1 -1 0 0 10.1540.72
11 0 1 -1 1 10.1540.72
12 0 1 0 -1 6.83140.45
13 0 1 0 0 11.5540.30
14 -1 1 -1 0 10.5440.36
15 -1 1 1 0 8.4740.16
16 0 0 0 1 9.9040.13
17 0 -1 0 -1 10.7440.35
18 0 0 1 0 10.7840.06
19 0 0 0 -1 8.2540).36
20 -1 1 0 1 9.0640.21
21 0 -1 0 1 12.3140.35
22 0 1 1 1 12.7940).86
23 0 1 0 0 11.7040.30
24 -1 -1 0 0 11.0040.38
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25 1 0 0 0 9.2440.86
26 1 1 -1 0 9.1440.02
27 0 1 -1 -1 9.3440.37
28 0 1 0 0 11.4340.30
29 0 1 0 0 11.8440.30

3 @ISR FES
Table 3 Analysis of variance for regression simulation
T RIR FrAe df HE F1a P 2k
Pl 66.27 14 473 1979 <0.0001 2%
731 1 731 30.57 <0.0001 wx
B 1541 1 1541 64.44 <0.0001 wx
2.32 1 232 9.69 0.007 6 **
D 17.77 1 7.77 3247 <0.0001 wx
AB 4.66 1 4.66 19.49 0.000 6 **
AC 6.38 1 6.38 26.66 0.000 1 **
AD 04 1 04 1.66 0.2184
BC 0.32 1 0.32 1.32 0.2695
BD 0.0016 1 0.0016 00066 09364
CD 194 1 194 8.13 0.0128 *
A? 16.88 1 16.88 70.58  <0.0001 **
B2 3.13 1 3.13 13.08 0.002 8 **
c? 00000359 1 0.000036 0.00015 0.9904
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Fig.3 Response surface plot showing the interactive effects of total flavonoids from Pandanus amaryllifolius Roxb.leaf
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(VD HRHEE A 1052:1, $REGRE N 61.37 C. iR N 527.22 W, HGHEHCE 11.99 mg g Z54rsebrsk
P, FEHHMTIGARN K T 225005 OB HON 74% (VDL BN 10.5:1, $REURFE N 61 C il oh N
530 W. {EHLAAMF T s & BN 12,14 mg g™, SR TRME 152 % 4 0.15%, WAE TR 2tk . Son 2
TEZ IR~ CBHEBIRSE 24 h $2HCH 130 mg QE/g (i ez 245 IAF R SRR Tl . b TRl B & S 77 EAN
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Fig.4 TIC chromatogram of flavonoids extracts from Pandanus amaryllifolius Roxb.leaf ([M+H]")

7E: 1: 356,783 4-LFALHI; 2. KEEE 7-0988H; 3: 6-RARBEZ-7T-H 84, 4 LEB-3IEEMES; 5
BHFR; 6: FRAEE3-0-IRLE; 7: NKELE; 8 LEMH-3-0-LH5ETF; 9 FASE30-FEHEF; 10 K405, 11 #)
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Fig.5 TIC chromatogram of flavonoids extracts from Pandanus amaryllifolius Roxb.leaf ([M+H])
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Table 4 Identification of flavonoids constituents

%5 ARGEE/mMIn 5T HTE R miz KR AT CAS AR FRE
1 2.69 [M+H]* 595.1675 R T CyHaO1s  23666-13-9 594.51
2 2.84 [M-H] 563.1389 A CyHx014  52012-29-0 564.49
3 2.84 [M-H] 563.1389 R T CoHpOw  59914-91-9 564.49
4 2.87 [M+H]* 595.1682 FAbHE 2-0-F E4BF  CyHxOp5  60767-80-8 594.52
5 2.89 [M+H]* 579.1732 BN S CyH3001s  40581-17-7 578.52
6 2.90 [M+H]* 741.2265 Hax CaHuO1e  55804-74-5 740.66
7 2.90 [M+H]* 741.2265 FRERE CasHiO1  156980-60-8 740.66
8 2.90 [M+HT* 741.2265 RMAE CaHigO19  301-19-9 284.26
9 2.97 [M-H] 609.1447 T CoHyOs  153-18-4 286.32
10 3.02 [M+H] 4651044  6-ZARBEEE-T-FEMEHF  CyHxOp  54300-65-1 448.38
11 3.06 [M+H]* 625.1784 KA CyHypOys  604-80-8 624.56
12 3.06 [M+H]* 625.1784 FREZE-30-FERF  CxHypOy  55033-90-4 624.54
13 3.08 [M+HT* 595.1675 RBEF T-OFHEKHFE  CyHyOp  25694-72-8 594.52
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14 3.08 [M+H]* 595.1675 A 3-HF MRS CyH3Ops  32602-81-6 594.52
15 3.08 [M+H]* 595.1675 L EB-3-0- XA CyH3Ops  17650-84-9 594.52
16 3.10 [M+H]* 303.0515 MK Z CisHigO;  117-39-5 302.23
17 311 [M+H]* 479.1202 (EEIP= CpH»0p  569-90-4 478.41
18 3.11 [M+H]* 479.1202 FREE3O-MEEHF  CpHpOp  5041-82-7 478.40
19 3.14 [M+H]* 287.056 NIP-3:8 CisHiOs  520-18-3 286.23
20 357 [M+H]* 269.0793 FEMEE CiHi ;04  486-63-5 268.26
21 3.62 [M+H]* 403.1402 Y&y CyHy0g  478-01-3 402.39
22 3.74 [M+H]* 4331508 356,783 4~ FTALKE  CpH,Oy  1178-24-1 432.42

24 FHE R EBEER R AMNE

241 DPPH A dAFHRE:

H11&] 6 i, 7 i S SRR HUYIIK) DPPH [ H1Ei5 R AL /) 5 R BT IR ROC & o R VR EE7E 300 pg mL™
BB BB TR, BARMAEREMET Ve, (HITE 5 000 pg mL ™ iEMZRIAFIT 95%.  HH I B 75 52 -3 i
REWIEA —EIiE KR DPPH B HEAEH . &S0 Bk DPPH [ HiEiEMR1 ICs N 544 png mL™, Tifd
FH 2RI IAE 7 IR R IR 24 h A7 52 o B SRR U5 % DPPH [ HJE 11 1Cso 9 900 g mL ™, ghsh, i&
TR R RAREL 72 h 7 SE S0 REiE b DPPH [ tH2500 1Cso 4 110 pg mU™M2Y, XA fg -0 Flters
TR Py [ B 22 SR S e, S TSRS R DPPH H &R

WEFCRIIMR . T ARREER. (IAIYAIR R R SAEE K DPPH B i3 P ¥ A BRI 1ICs A, iXt
A 3N 4R R R R SR 1, TR RS e 1R F i 2 R (Rl st A AL RE 71, {8 DPPH H HHEEMITR
ST o T R AU (Tt FE T A%, f T (AR D RE i o LR RS A i B AL S A
B, IRET LGB RS R TR T RS AT R . 7 R e RIS B DPPH [ HEIH P AT e X ik
T P R AT e B R R A S O
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Fig.6 Inhibitory effect on DPPH free radical of flavonoids extracts from Pandanus amaryllifolius Roxb.leaf

242 ABTS' g AR Ae

W 7 B, 75 e Sem SR I ABTS™ H HhLIEFRAE IBE G DR L (MR N 2T BT, S
IR, 1£5 000 pgmL* 5 Ve BONBET . BERIREIG ABTS' [ HHIEEFR 0 1Cs A4 1413 pg mL™
FEBEM . S HEH ARG A SRR I 6 ABTS' [ FHEEE BRI ICs 42 4 10, 158, 282 pg mLP+2%,
I B S B B A TS B ABTS™H FREER] o o, BB 2 1Cso SR S5 R — 77 T PT g SRk o 2
EriE . U RS R S S BO TSR ABTS B HRIEMZE R . 53— 75 TR A Y B AT 28 sCAE AT DASRE
WPE R RS . ARSI L A, S R RS IA R SR RSy, (BB SR 2 44
RGN AL RIS, M H G2 2 il P8R . A, WEREREEROR R, AR TERRBUN TAA = iR .

FEIERR ABTS"H Hik: b & i SL S U h s R S M 2 ik 7] ABTS H HIAR SR 1, HabrTLMER
HITbA, S8 B TR R T R4 ABTS' B IR FLE SN TE (A1) ABTS, B Fakid ) W iy 4 17 25
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Fig.7 Scavenging ability on ABTS" free radical of flavonoids extracts from Pandanus amaryllifolius Roxb.leaf

243 Rdb A wRRE

AN AR 5 i S S R B B 2 e K T an ) 8 Frai o Jd Ikl s SR 5 AAPH 75 5= AR 9k
PR R P T PRl AR S TR R T B S IR DU s Bk B RS N, SO ER i Ao R B ge, S5ikiE
EIEHCR. 7 625~2 500 pg mL™ I FILH I RIRZEIUIMR, 2500 ng mL™ (¥ EEHHREUY B A BRI R
KRG, BL Trolox (umol-L™ 4EFRIEHMINHEILAE /1, 625, 1250 12500 ug mL™ ¥ ORAC {E43 514
10.9. 15.1, 16.5 pmol TE mL™. $RHUYIIIE E ehFEWR I AE /17T 8 5 SRR T & IR MR P, 3%
MR SV iy RS T 55 AAPH PR R R AR R TR SN, 8 R A N SRR E
M. fE%E RIS ST, MR, 6-REARRER . RO Em NIRRT EH 5 Mhic,
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Fig.8 Effect of adding flavonoids extracts from Pandanus amaryllifolius Roxb.leaf on fluorescence quenching
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2441 4t
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Fig.9 Effect of flavonoids extracts from Pandanus amaryllifolius Roxb.leaf on the survival rate of HepG2 cell
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Fig.10 Effect of flavonoids extracts from pandanus amaryllifolius Roxb.leaf on cellular fluores cence intensity
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