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HPLC Determination of Phenolic Compounds in Three Fruit Parts of Annona squamosa Linn. and Their Antioxidant Activities

HAN Rui, CHEN Yayun, JI Junyang, CHEN Yong, LI Xiang*, CHEN lJianwei
(College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China)

Abstract: Objective: To establish a high performance liquid chromatographic (HPLC) method for the simultaneous
determination of the contents of 13 phenolic constituents in three fruit parts of Annona squamosa Linn., and to analyze
the correlation between phenol content and antioxidant activity. Methods: Total phenols were evaluated by a colorimetric
method, and the HPLC method was used to measure the composition and contents of phenols. The antioxidant activity
was analyzed using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTYS) radical cation scavenging activity assays. Results: The total phenol content of peel was the highest, ranging from
59.48 t0127.84 mg/g, sequentially followed by pulp and seeds. The contents of some individual phenolic compounds in
peel significantly higher than in any other parts. There were significant regional differences in the composition and contents
of phenols in the same fruit parts. The contents of p-hydroxybenzoic acid, catechin, caffeic acid and (-)-epicatechin were
relatively higher in peel and pulp and the highest (—)-epicatechin level was 2 398.17 mg/mL. All of the fruit parts were had
more potent scavenging activity against DPPH radical than against ABTS radical cation and peel had the strongest radical
scavenging with the highest percentage inhibition of DPPH radical and ABTS radical cation being observed at concentrations
of 0.39 and 1.56 mg/mL, respectively. Conclusion: The composition and contents of phenols in the peel, pulp and seeds of
A. squamosa fruit are significantly different. The peel contains the highest number and amount of phenols and possesses the
highest antioxidant activity, indicating that it can be considered as a potential and valuable source of natural antioxidants.
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Table2 Regression equations and detection limits
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Table3  Comparison of individual phenol contents in A. squamosa fruit (n=3)
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Fig.1 HPLC chromatograms of individual phenolic compounds
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Fig.2  DPPH radical scavenging activities of different fruit parts
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Fig.3  ABTS radical cation scavenging activities of different fruit parts
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Table4 Correlation coefficients between antioxidant activity and
phenolic contents

ki ABTSHIA TR EIERREE ) DPPHE HIETR i/

ARk [ RA LS [ RA M7

BRT® 0395 0.197 - —0467  —0.107 -
JF LA 0.400 0.993%* - 0.469 0.735
WEEATR  —0440  —0758 0746 —0443  —0745 0.4
JB:S —0.479 0.372 0.136 —0449  —0.093 0135
IR 0.840% 0.099 0.108 0.670 —0.338  0.190
FIKE 0170 —0.823* 0246 —0206  —0.888*  0.128
iy 0.332 —0571 0.086 0.333 —0478  —0.010
HIFE —0410  —0.299 0.136 —0.156 0.055 0.135
BT —0.104  —0469  0.608 —0.116  —0.034 0562
BN - — — - — —
fith & - — —0.603 — — —0.284
MR - — —0.550 — — —0.906%*
% - — —0.799 — — —0.867*
B —0319  —0.652 0 —0375  —0.841*  —0.138
petiid —0.968%*  —0960%* —0.673  —0952%* —0.891*  —0.762

o P<<0.01, PR « P<0.05, ZEMK.

LUEBRABTSFH &+ H 2. DPPHH H3E 1C,, E M
F R BT A 0T, IC fE /NP AL RS
18R WRAFTR, Y RAE B P PUEAAE A 2
H — i o B A 5 R, T 2 R AR 2 1) B B )
EF, BES S MM NS B E— B Rl . %
A S = SIEBEABTSIHE ¥ H H 2% . DPPHH HI &4
BRI EMAL, RRMAPRILER. S-S ESH
AR TR B R FEM G PP AR 1S B
BAE— MR, MRS LR hE e 11
TTHREIR . HKelebek ™' HiZahid ™ 454k 5 — 5, PUEIE
S8R EMAE— A, BSamEsiks)
REMK, H5 AR FAF 2 TR R E 5 R I
RS TR FUARER . Wi R X B AT T DT R
K, FIReE SR H IR AS B R AR A S

3 & #®

T 75 R S AN [ B AL 18] 9y 288 Al 7 b 28 K% R 22
W R ALy Sy e B S T AR A R T
fro REFILFRRERILRRGER A RATRRIEE
HIR S RILKRREE: T & Bm s B8 at. &4
BORSEHA Byt intE, HiERABTSIE 7 A i
JERE ) % 5% T DPPHE B2, A [l AL 18] e Sl Ab v 1k 22

AR, RESRA>SHT. RES5HTHGXPrE Rk
REVET, SRR YNGUAAME B2 T AR . A
FRAE 73 Hr 2 B B SPGB R4
5B R FE AR

A% S U6 38 3o 7 A BOR SR B R AR T A
My, SRS I, SR I A A AR S 13
By R, HiRfEmifE, EEML, WTHT=%
Z TRy W T I & B o SO 7 7 A SR S 4% A 1
RIRBORBUE A TETEREAT X, 5 Adefegha % i —
B, REBMREERE, HrE R s TR A
7 BB AL o BIF T A B 7 5 R B 22 o Sk 2 B PR TR
PE, FTREA HAHEGUIZALE PRI« e I e AHFER 57 R
Bz —30 TR A RS, HERIERDN,
AR RARGUAAMT, BT FE N 3 BOR B T A A
ST gE.

EEPEE
(11 ERPEAERR. pEAFM. Ll LR ER R
1999: 3.

21 TEEEEBEEETT A, AEDEM] KEF SHRAR
JitL, 1991: 39-40.

[3]  GUNABALAN M, GOVINDASAMY R, SELVARAJM R, et al.
Acaricidal, insecticidal, and larvicidal efficacy of fruit peel aqueous
extract of Annona squamosal extract of Annona squamosal and its
compounds against blood-feeding parasites[J]. Parasitology Research,
2012, 111(5): 2189-2199. DOI:10.1007/s00436-011-2671-2.

[4] TAKAHASHIJ A, PEREIRA C R, PIMENTA LP, et al. Antibacterial
activity of eight Brazilian annonaceae plants[J]. Natural Product
Research, 2006, 20(1): 21-26. DOI:10.1080/14786410412331280087.

[51 MUKHLESUR R M, PARVIN S, EKRAMUL H M, et al.
Antimicrobial and cytotoxic constituents from the seeds of Annona
squamo-sal[J]. Fitoterapia, 2005, 76(5): 484-489. DOI:10.1016/
j-fitote.2005.04.002.

(6] L&k, BRo3, H8, 55, 2 B A Ba AL S0 2 Tl By 7 31 T
AHHESMMC-77 21/ADRFRI 2R R0 FLI]. P24, 2017,
42(13): 2518-2523. DOI:10.19540/j.cnki.cjcmm.20170419.003.

[71 PADMAIJA V, THANKAMANY V, HARA N, et al. Biological
activities of Annona glabra[J]. Journal of Ethnopharmacology, 1995,
48:21-24. DOI:10.1016/0378-8741(95)01277-K.

[8] REJON-ORANTES J D C, GONZALEZ-ESQUINCA A R, DE LA
MORA M P, et al. Annomontine, an alkaloid isolated from Annona
spurpurea, has anxiolytic-like effects in the elevated plus-maze[J].
Planta Media, 2011, 77(4): 322-327. DOI:10.1055/S-0030-1250406.

[9] OKOYET C, AKAH P A, OMEIJE E O, et al. Anticonvulsant effect of
kaurenoic acid isolated from the root bark of Annona senegalensis[J].
Pharmacology Biochemistry and Behavior, 2013, 109: 38-43.
DOI:10.1016/j.pbb.2013.05.001.

[10]  TRIE, fET90k, 05, 5. HaH B RE IR it EHRE
%, 20006, 28(3): 275-276. DOI:10.3321/j.issn:0512-7955.2006.03.025.

[11] @ E, BooA, BE, & o & 758 A 5B I0R &k
JAR LI, #viir LA, 2017, 37(6): 100-105. DOI:10.12008/
j-issn.1009-2196.2017.06.022.

[12] WALTER N L, SAUTHIER M, CAVALCANTE D D, et al.
Mineral composition, nutritional properties, total phenolics and



XK 53D

E6mill=

2019, Vol.40, No.12 209

[20]

(21]

[22]

flavonoids compounds of the atemoya fruit (dnnona squamosa L. %
Annona cherimola Mill.) and evaluation using multivariate analysis
techniques[J]. Anais da Academia Brasileira de Ciéncias, 2016, 88(3):
1243-1252. DOI:10.1590/0001-3765201620150537.

ATHE, 7730, JWRE, 55, 35 7 B RSB U bt B P 8 .
PR AR, 2016, 16(4): 460- 463. DOL:1672-3619(2016)04-0460-04.
AL, RFETT, YO, 4. BIELRRAR AN A E - FE0]. &
L2, 2010, 31(1): 219-223. DOI:1002-6630(2010)01-0219-05.

X5E, FGE, VPR, %, JLE RN h-VRS IR S B i 1k
BEFEII]. R EGiA R A&, 2011, 36(7): 557-561. DOI:10.13461/
j-cnki.cja.004829.

LA, A, T, S MY AL T[], H o e
Ttz 2z 24 6, 2002, 8(2): 35-37. DOI:1006-3250(2002)02-0035-03.
GOVEA-SALAS M, RIVAS-ESTILLA A M, RODRIGUEZ-
HERRERA R, et al. Gallic acid decreases hepatitis C virus expression
through its antioxidant capacity[J]. Experimental and Therapeutic
Medicine, 2016, 11(2): 619-624. DOI:10.3892/etm.2015.2923.
IR, AR 2T & 53 B 45 8 AUis A/ F LI 72 [D].
WA JRYSE: B R Tl K2, 2017,

TN, SRR, BT, S RN T I b A EEAE R R Sk
JE[I]. HEH 25445, 2017, 42(8): 1557-1565. DOI:10.19540/j.cnki.
cjemm.20170222.005.

iy, BT, S, 5. Folin-CiocalteuyZ:il i AN [A] i b i 7 i
P2y E). o E AL 2EIR, 2014, 14(1): 273-277. DOIL:10.16429/
j.1009-7848.2014.01.005.

ZEF, THE. fEAR-By L kil e St 8 2. &R,
2009, 30(18): 292-295. DOI:1002-6630(2009)18-0292-04.

Tk, BRANEE, Bhk, . DPPHIEVEMN HLA bl Ve 7o 2k 2 1],
B ARLE, 2014, 35(9): 137-322. DOI:10.7506/spkx 1002-6630-2014
09062.

T, Bilg#E, Fh . BOTH A& P a0 IR
FARFFI]. & &RE, 2015, 36(21): 26-31. DOI:10.7506/spkx1002-
6630-201521006.

B4 %4, % E. DPPHAM ABTS &M & # Bk A= 19 44 4h 1 &
WG [I]. 2, 2008, 30(8): 1215-1216. DOI:10.3969/
j.issn.1001-1528.2008.08.039.

ZEREUR, EINGE, o, S5 B PUEARE SR IR S (ABTS)VZ:l 2
TLRE R BRI PUATE MR, H B S8 5 722 4 3, 2011, 17(1): 162-
164. DOI:10.13422/j.cnki.syfjx.2011.01.057.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

KINGSLEY C, OKOLIE P N. Proximate composition, phytochemical
analysis, and in vitro antioxidant potentials of extracts of Annona
muricata (Soursop)[J]. Food Science & Nutrition, 2017, 5(5): 1029-
1036. DOI:10.1002/fsn3.498.

HENRIQUE S A, GUSTAVO A P, DAMILA R M, et al. Determination
of free, esterified, glycosylated and insoluble boud-phenolics composition
in the edible part of araticum fruit (4nnona crassiflora Mart.) and its by
products by HPLC-ESI-MS/MS[J]. Food Chemistry, 2018, 245: 738-
749. DOI:10.1016/j.foodchem.2017.11.120.

KELEBEK H, SELLI S, GUBBUK H, et al. Comparative evaluation
of volatiles, phenolics, sugars, organic acids and antioxidant properties
of Sel-42 and Tainung papaya varieties[J]. Food Chemistry, 2015, 173:
912-919. DOI:10.1016/j.foodchem.2014.10.116.

ZAHID M, ARIF M, RAHMAN M A, et al. Solvent Extraction and gas
chromatography-mass spectrometry analysis of Annona squamosa L.
seeds for determination of bioactives, fatty acid/fatty oil composition,
and antioxidant activity[J]. Journal of Dietary Supplements, 2017, 2:
1-11. DOI:10.1080/19390211.2017.1366388.

sk, B, TSN, . 15 FhRAE SR SE 22 B R AR 4
PUAAL TR PE LT & ELE, 2015, 36(11): 64-70. DOI:10.7506/
spkx1002-6630-201511013.

ADEFEGHA S A, OYELEYE S I, OBOH G. Distribution of phenolic
contents, antidiabetic potentials, antihypertensive properties, and
antioxidative effects of soursop (Annona muricata L.) fruit parts in
vitro[J]. Biochemistry Research International, 2015, 2015: 347673.
DOI:10.1155/2015/347673.

SSENYANGE C W, NAMULINDWA A, OYIK B, et al. Plants
used to manage type II diabetes mellitus in selected districts of
central Uganda[J]. African Health Sciences, 2015, 15(2): 496-502.
DOI:10.4314/ahs.v15i2.24.

JUSTINO A B, PEREIRA M N, PEIXOTO L G, et al.
Hepatoprotective properties of a polyphenol-enriched fraction from
Annona crassiflora Mart. fruit peel against diabetes-induced oxidative
and nitrosative stress[J]. Journal of Agricultural and Food Chemistry,
2017, 65(22): 4428-4438. DOI:10.1021/acs.jafc.7b01355.



