< 2% eS8 (Scopus) <LK BRI
\ « BUIPHOEE I Fl 5% DOAJ o oL BT
2 i * % CHE2F3CH) CA * LB D BITICSTPCD

o Bell (RRAFHE SCHY) FSTA o B DA BITIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

BERB T RERY D LR RS EAE Y R

Ak, REWH, @RE, MR, ZTLH

Analysis of Polyphenol Profiles in Fractional Extracts of Passion Fruit Peels and Screening of Their Antioxidant Active
Substances

YAO Yamei, CHEN Yitong, TIAN Yongtao, LIU Tianyue, and WANG Wenshu

TEZR B2 View online: https://doi.org/10.13386/}.issn11002-0306.2023070099

AT ARG HoA S E

Articles you may be interested in

T 7 SRR B NPT A S A R AR TS
Optimization of Extraction Technology of Polysaccharides from Passion Fruit Peel and Its Antioxidant Activity

£ Tl BHE. 2020, 41(18): 150-156  https://doi.org/10.13386/j.issn1002-0306.2020.18.024
T P T B ARG R P U T A SRR e e T SR e S LR B A

Optimization of Extraction Technology of High Methoxyl Pectin from Passion Fruit Peel by Ultrasound Assisted with Citric Acid

Extraction and Its Physicochemical Properties

i TR, 2021, 42(4): 115-120  htps://doi.org/10.13386/1.is5n1002-0306.2020050086
T SRR B R ) 7 I Al B PR T A B L A 5

Optimization of Ultrasonic Wave Assisted—Extraction of Total Flavonoids in Passion Fruit and Their Properties

i Tk RHE. 2020, 41(17): 153-160,166  https://doi.org/10.13386/j.issn1002-0306.2020.17.026
ST A AR E IR i AV

Comprehensive Evaluation and Analysis of Passion Fruit in Different Frame Modes

rih Tl BHE. 2021, 42(21): 33-40  htips:/doi.org/10.13386/j.issn1002-0306.2021010027
AR S PR A . PR P R AR o 3 24 RS 1

Optimization Extraction Processing,Antioxidant Activity and Inhibition of o —Glucosidase Activity of Total Polyphenols from Leaves

of Passiflora edulis

i T RH. 2019, 40(20): 223-227,236  https://doi.org/10.13386/j.issn1002-0306.2019.20.035
HARRITE TR S

Analysis and Assessment of Nutritional Components of Passion Fruits Juice

i Tl RHE. 2021, 42(9): 347-357  hitps:/doi.ore/10.13386/j.issn1002-2020070352



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023070099
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.18.024
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020050086
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.17.026
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021010027
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.20.035
http://www.spgykj.com//article/doi/10.13386/j.issn1002-2020070352

KEMAF AT, PAFHEZFENLEE



545 % 51 i Tl B Vol. 45 No. 1
2024 4F 1 H Science and Technology of Food Industry Jan. 2024

LIR, BRZEFE, BUK B, 25, T R B - SR b 22 Wy 5 8 oA S T B AR T PR B0 2 (0], £ Tl B, 2024, 45(1):
18-27. doi: 10.13386/].issn1002-0306.2023070099

YAO Yamei, CHEN Yitong, TIAN Yongtao, et al. Analysis of Polyphenol Profiles in Fractional Extracts of Passion Fruit Peels and
Screening of Their Antioxidant Active Substances[J]. Science and Technology of Food Industry, 2024, 45(1): 18—27. (in Chinese with
English abstract). doi: 10.13386/j.issn1002-0306.2023070099

B EREE—RMAPRATYIRIS S SHRIEMEWEYE ( TEEH. 518558 ) -

BERE TR 2By i B oH
LTS TP Bk

L2, BRZERS T, Hski%?, XK iH?, EX &'
AR ESRFEFERREETLEEZRT (PREAKT) , LT 100081;
2.F R Rk K F A S IREAFFE, K 100081)

43

i EARTIARERNNEERL S ERKEE, FREPRANEETRRGHIESE, LA LHEE. TR
UBsfn ETESRERB AR CELRY, RASALEESANE LEMEEIRAESE, BI85 RME %
BIRA LB E B ERG P I LIS, HAES RN AFRKGLEFRiHFEE. £ DPPH A d
AF, ABTS'A d L Fe A Fe' T R ASTE D BERMBI AN FHE F, BIRRBRMARSAKTEH
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Abstract: To investigate the extraction efficiency of polyphenols from passion fruit (Passiflora edulis Sims) peel by using
different solvents and to identify the characteristic polyphenols with high contribution to antioxidant activity, ethanolic
crude extract (CE) was sequentially extracted with petroleum ether (PE), ethyl acetate (EE), n-butanol (BE) and water
(WE). The total content of phenolics and flavonoids was then measured by using spectrophotometry. Phenolic compounds
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in the extracts were profiled by using ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS), and
differential metabolites were screened and quantified by using an untargeted metabolomics approach. Antioxidant activities
in vitro were assessed through DPPH free radical scavenging, ABTS" free radical scavenging and FRAP methods.
Furthermore, the phenolic markers of antioxidant activity in the peels were explored through pearson correlation analysis.
The results indicated obvious variations in the total phenolic and flavonoid content among the extracts (P<0.05), ranked in
descending order as follows: EE>BE>CE>WE>PE. A total of 33 phenolic compounds were identified from both CE and
each fractional extract, while CE, EE, and BE exhibited a greater variety and quantity of phenolic compounds. Principal
component analysis (PCA) distinguished the metabolites of extracts, while orthogonal partial least squares discriminant
analysis (OPLS-DA) identified p-hydroxybenzoic acid, protocatechuic acid, isoquercitrin and iso-orientin as differential
compounds. EE exhibited the highest levels of p-hydroxybenzoic acid (653.44 pg/g), isoquercitrin (2420.64 pg/g) and iso-
orientin (113.23 pg/g), while CE showed the highest content of proto-catechuic acid (152.40 pg/g). The in vitro antioxidant
activity of passion fruit peel varied significantly among extracts, with EE showing the strongest capacity, suggesting its
potential as a premium antioxidant agent. The correlation analysis revealed that the total phenols and flavonoids formed the
basis of antioxidant active substances, while iso-orientin and isoquercitrin were the antioxidant active phenolic markers.
The finding provided fundamental data for establishing quality control standards of antioxidant products derived from
passion fruit peels, as well as for the precise development and utilization of phenolic compounds in the peels.

Key words: passion fruit peel; fractional extract; ultra performance liquid chromatography tandem mass spectrometry

(UPLC-MS); phenolic compounds; principal component analysis; antioxidation
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Fig.1 Total phenols and total flavonoids of different fractional
extracts from P. edulis peel
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Fig.2 Total ion chromatograms of different fractional extracts
from P. edulis peel
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Table 1 Identification of phenolic compounds in different fractional extracts from P. edulis peel

. -, " - BRI
5 feart s REME g 7 P e
min) [M-H] CE PE EE BE WE
AL PRI
REERR-O- (R BEIL ) AT WM 1
1 Hexoside of cinnamic acid-O-(xylosyl) 1207 C3HyeOs 485.3250 447.1747,293.0433 - - - -
2 JitJLZE 2 Protocatechuic acid 2.81 C,H,O, 153.0190 109.0285 + + + + +
3 A FEREA I Fp-Hydroxybenzoic acid 551 CHO; 137.0234 116.9280 + + + o+
ZRIORHR OB
4 Dihydroxybenzoic acid hexoside 6.12 CisHi0y 315.0737 153.0196, 109.0285 -+ + -
5 BB FIREBEOctyl gallate 723 CysHy,05 281.1397 139.0403, 121.0626 - — 4+ - =
EIRSiv )2 9%
6 Protocatechuic acid glucosylpentoside 8.66  CisHy0y5 447.1115 315.1022, 153.0196 - -+ - -
7 % B FLFlavogallonic acid 1335 CyH O3 469.0023  300.0406,299.8908,270.0546 + — — — —
ZMNMEREZE T RRAT AP 1
8 Dicaffeoylquinic acid derivative 1 1772 CpHy0y4 5151376 353.1225,191.0322,179.0564  — — — + —
ZMNMEREZE TR A 2
9 Dicaffeoylquinic acid derivative 2 1776 CpHy0y4 5151376 353.1182,191.0322,179.0534  — — — + —
EVT SR
ESIR-3 % )i
10 Epicatechin glucoside 291 CyHy0, 4511260 289.0880, 245.0684 - - -+ -
11 JLZE Z W% H Catechin glucoside 1533  CyH,y0,, 451.1212 367.1499, 289.8854 - - - 4+ =
(FILFE-(FR)ILE
12 (epi) Catechin-(epi)catechin 13.08 G300, 575.1175 375.1623, 287.0490 + -+ + -
BRI A2
SRR -3-0- AT
13 Isorhamnetin-S-O-glucoside 565 C22H22012 4771040 2850865 + - - - -
L1 13- 31 A il B A A 473.1103, 429.0823,
14 Kaempferol-3-O-glucorhamnoside 887  CyHyOy5 593.1509  3570508309.0413,298.0408 T — T T —
15 S i Isoquercitrin 9.86 C,Hy,0,, 463.0865 301.0345, 300.0287 + + + + +
L2 -3-O- 2 M
16 Kacmpferol.3-O-rutinoside 1058  CpHyOps 593.1509  443.0931,323.0759,285.0404 + — — 4+ —
itz £-3-0-(6"- 2 BIE ) - A A Ml 1
17 Quercetin-3-O-(6"-O-acetyl)-glucoside 10.62 Cy3Hp045 505.0974 300.0248, 151.0363 - -+ - -
1125 E-3-0-4-D-(6"-(E ) -p-3f 75 5 BEIE ) - ML mig B 2 1
18 Kaempferol-3-O-4-D-(6"-(E)-p-p-coumarinyl) - 10.65 CisH 405 593.1509 285.0404, 255.0300 - - - 4+ -
glucopyranoside
19 % 91T Astragalin 11.14  CyHy O, 447.0914 285.0404,255.0300,227.0346 + + + + +
20 Hit K 1 Quercitrin 13.01  CyHy00,, 447.0914 301.0344,300.0251,255.0286 + — + — —
3-FJER ) ]-p-D-0 R 505.2663, 463.2547, 301.2043,
21 Quercetin-3-0-[6"-O-(3-hydroxyl-3- 15.13 CyyHa0,6 607.1293 271.0538 S A
methylglutaryl)]-8-D-glucopyranoside
P ILERTES
AR RRRE-3-0- L BE - 4 W 289.0942, 179.0351, 133.0144,
2 Luteolin-3-O-malonyl- glucoside 501 Gyt H,y, 489.0978 112.9860 - - -+ -
23 2F i Isoorientin 861 CyHy0, 447.0914 411.1112,325977.00642151,327.0508, SR
KR -6-C- I -8-CA AT Y 309.0733, 285.0404, 327.0508, L
24 Luteolin-6-C-pentose-8-C-glucoside 193 ——  579.2093 3570238, 429.0823, 459.1261
25 MR Bz i BT Phloretin glucoside 12.63  CyH,,0,, 435.1312 273.0766 - - 4+ - -
Hil e R -O-C W -O-25 i i 307.0606, 257.0797, 179.0564,
26 Naringin-O-hexoside-O-rutoside 1841 CyHp0,y0 7412186 161.9265 - - - -
HHEK
— - 451.0981, 425.0482, 407.0387,

27 J4E T % B, Procyanidin B, 1438 CyHyeO15 577.1353 5898893, 161.0476, 125.1316 + — — — —
28 J5i4E7 B, Procyanidin B, 1449  CyH,Op, 577.1353  425.0904,245.0399,161.0505 — — + — —
SRR ILEE-O- TR T 425.0529, 283.0580, 177.0164,

29 Petunia ligand-O-hexoside 14.58  CpMy701, 472.0657 1641052, 161.0216,137.0195 + — — — ~

S
30 E#8 5 # i Calycosin 1578  CigH,05 283.0598 239.1283 - - - + -
31 # H Daidzin 16,52 C,Hy0y 415.1019 252.0413 + - + + -
oAl
32 PhelligrinD 1735  CypH 0, 393.0957 259.0240 - - + - -
33 PhelligrinE 1556 CyH,,04 499.1376 393.1725, 353.0242 - — + + -

T TR =BRSSO E AR R
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Fig.3 Proportion of phenolic compounds in different fractional
extracts from P. edulis peel
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Fig.4 PCA (a) and OPLS-DA (b) of different fractional
extracts from P. edulis peel
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i, 54040 T I1EE409 EE Fil BE B X 43,
ZBH PE. EE. BE #1 WE LGRS, | Mo
fEfE25 5. CE # BE Eds iAW 588, Uil CE
il BE A& RSB R sl i B ARRL, IX AT RESE K
N ZBEAMNE T EAARZE 2 65T, S5F AR, S3K
T AT E AR b 2k S AR LI R RE T -
OPLS-DA #5781 32 3 i1 5 PCA ZE Ll 19 &5

PE. EE. BE #l WE 43 5ll4345 T4 =, —.. —FIpu%
B, S T AS RN PERE IO R RS AT R4 X 53 AT R
T2 AYIIEEE . AE, 22532 R X 53 AN A]
T R AR HU G B, AR B M B (Variable
Importance in Projection, VIP) i] /R A [F 41L& 9%}
F XA AR5 TRk /N, VIP = 1 S H UL 22 5340
UHPITREARE . ARBFFRILFEIN T 4 4 VIP =1 191
PARUW (32 2)VE i RE B 5 R B2 45 43 SRR 2%
SERRERLG )

22 OABARBN R E 2R
Table 2  Significantly differential metabolites of fractional
extracts from P. edulis peel

Jis et VIP
3 pOpE % 3] 226
2 JFILZETR 2.14
15 SR 1.99
23 SR 1.09

23 BEBEREEFMEUESMIENH
SRS Mr— e 4 D2 S GER 3),
AN EIEFRNZE R A5 22 50 5 1 X 438H ) (P<0.05),
CE. EE #1 BE 22 ARy it & 3% = 1 PE Al
WE., X #3858 R AR ) LAS PR AR 2 Fe SR FH iR 2is
&, (BFEJLESBR C6 o B X I iR 2 —
A OH, BT THAERGIIN, BB 53 TR I 25
H i, FILASFRAE CE 9 5(152.40 pg/g) fiv i, EE
(97.62 ng/g) F1 BE(27.97 ng/g) K=z . XFRFILH R
DOFER S Y BE A3 (653.44 pe/g) e, Hk
& CE(556.65 ng/g) 11 BE(344.53 ng/g) ., EE 57
Wit 1 (2420.64 pg/g) FISTFZE R (113.23 pg/g) S

R3 AFRESIPFERD ZERBRUEY T 5 (ng/g)
Table 3 Content of differential phenolic compounds in different fractional extracts from P. edulis peel (ng/g)

& CE PE EE BE WE
X FR IR R 556.65+23.03" 180.16+12.37° 653.44+56.14 344.53+43.06° 35.37+8.67¢
JFILERIR 152.40+21.12° 8.91+1.06¢ 97.62+10.11° 27.97+7.69° 30.64+5.38°
paires
SRz 744.18+31.94° 324.91423.57¢ 2420.64+74.36" 475.86+42.12° <LOQ
pAGES
LA 21.30+2.47° 0.8320.04¢ 113.23£11.89° 55.74£9.27° <LOQ

TE: <LOQF/REEM %ML A W) B ik AR T2 BB RIFTARIR/ING RN 2257 B35 (P<0.05)
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e, MDY S 5298 CE 1Y 3 4%, @i TaAEE
7 W ( Passiflora tripartita var. Mollissima( Kunth)
L.H. Bailey) SRR 9.80 pg/g'', F2riaiH 2 rhari
JRBEEIY AL S, Da 250 WFSY & B0 E SR P4 7
FER N P R ZE AT S o 270~870 pg/g, BRI EHE
HEz BE W20 R 298 CE Y 5 . XA RESZHH
TSR R 2 R A A T SR e S,
PRI Y, D T SRR R LR R

24 BEREETREREIMAENEE ST
2.4.1 DPPH H HEERIMIXGEIR BERKLSI
PKFEEY) DPPH H HESEERAE T 5 Tk i 2 3 —
R (A 5) . #524045 0] DPPH [ Hi 23S bR EE
SIfEAE 22 S, BHPEXT R BHT . CE. EE F1 BE ¥ —
T R 2B A3 AE L, WE. PE S5 HAWLH 5 X 455
AHZ . CE. EE. BE Fll BHT 1Y SCs, {H 25 5 A~ i 3%
(P>0.05), PR FE 2R (R 4) H5E 5 458 —3,
$&77 CE. EE Hl BE HAG F1FHM: X} BEAH AL DPPH
F i R BRACE . EE 9 DPPH [ 1 RL35 BREE 11 %
8 (SC4,=0.02 mg/mL), ZJJ& CE Y 4 fi5. BE 14 SCy,
(0.06 mg/mL)Z°H CE [ 1.5 4%, & TRHM B8 BHT
(SC4y=0.04 mg/mL), 5iHH Z.1% ZLBEFIIE T B 20 s
BT A AR Y TP P EARTE RS Y . WE
(SC4,=0.26 mg/mL) Fll PE(SC4,=0.30 mg/mL) H H
FHEREE I KT CE(P<0.05) .

100 1
80 F : —
S 60t S o GE
: | =
= 40t —
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BHT
20
O 1 1 1 1 1
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JTER Y (mg/mL)
K5 A R R 5 0 AR BHT X DPPH A
SN BRAET
Fig.5 Scavenging effect of different fractional extracts from P.
edulis peel and BHT on DPPH free radicals

242 ABTS'HHEIERIISGER  Trolox JE2/KEE
PE4EAE R E TR, Stk S as A AaRl, A
C6~C3 LI RIS, BUE Sl S E N ABTS™
FI 3L/ BRAE T HINTbR a5 . PRk, 2 fb s
YA LR T H L Trolox A4 #RRP%, L Trolox
FRUES AR BE AR bR, WG REAE AR il bt
thk, 158 ET 5 y=—1.996x+0.7180(R?>=0.9993 ),

FH R 6 AT, B AR B AR ) RN 45 S SR FE B
Yy HA ABTS™ H IS ERAE ), (AAEAE W 22 57
(P<0.05), H1 58 3] 55 51 5 25 : EE>BE>CE>WE>PE,
5 DPPH F HFIHEMREER—3 . CE 1 ABTSTH
FeIHBRBE J7 M 0.249 mmol TE/g, 5 %if 52 78 & 3 (P.
ligularis Juss ) FATE AU ABTS H HHILTERBREE )T
(0.31~0.75 mmol TE/g)?", CE &5 # U5, ABTS™
H R EREE ST B TS, EE ABTS T H H 35 RRAE
73(0.911 mmol TE/g) & 5®, £7°4 CE(0.249 mmol
TE/g) B 4 £%, H:Yk A& BE(0.379 mmol TE/g), £~
CE H9 1.5 1%, UEPHZ PR ZBEFIIE T B4 THt
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Fig.6 Scavenging effect of different fractional extract from P.
edulis peel on ABTS" free radicals

2.4.3 FRAP LIeZER 455 E 7, B &EREA5TH
U EA Fe* IR RAET], {0 Fe* W FRE 122 5507
W, S EURAMRY R : EE>BE>CE>WE>PE, 5 DPPH
H 2R F ABTS' | H 281G BRBE U7 S0 g0 45 R — 3.

K AFRESIIBAR G AR U

Table 4 Content and activity of different fractional extracts from P.edulis peel

o eSS EEES sy ST DPPH [ H12£SCs, Trolox 4 & FRAP
(%) (mg/g) (mg/g) (mg/mL) (mmol TE/g) (mmol Fe*/g)
CE 18.06+1.16° 32.61+0.34° 24.07+0.26° 0.08+0.01° 0.25+0.01¢ 0.2120.01°
PE 0.58+0.03¢ 1.88+0.26° 1.5120.13¢ 0.30+0.09" 0.06=0.00° 0.10+£0.01°
EE 1.18+0.05¢ 62.42+0.31° 43.90£019* 0.020.02° 0.910.01° 0.51+0.01°
BE 3.70+0.08° 47.63+0.27° 28.84:0.30° 0.06=0.02" 0.38+0.02° 0.30+0.01°
WE 8.30+0.13° 11.83+0.23¢ 10.12:0.23¢ 0.26+0.06" 0.10+0.01¢ 0.14=0.00°
BHT — — — 0.04+0.01° — —

TE: — R WE Z AL AP & e sG P, MFURR/ING FREROR 22 53 8.3 (P<0.05)
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Fig.7 Iron reduction ability of different fractional extracts from
P. edulis peel
EE 11y Fe*" it J5iHE 71 292 CE(0.212 mmol Fe*'/g) i
2.5 4%, 24 0.505 mmol Fe*'/g. BE M Fe*'if J5LRE /7
(0.301 mmol Fe*/g il =T CE, )2 CE 19 1.5 1%
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Fig.8 Correlation analysis between phenolic components and antioxidant capacity of different fractional extracts

from P. edulis peel
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