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WANG Zh+yuan LIQ 'ng—biag , YANG Cutxin, SHAO W en-yaq
HE N ng WANG Yuan-peng SUN Dao-hua
D @arment of Chanical and Biochen ical Eng ineering, College of Chen istry and Chen ical Eng ineering,
Key Lab for Chenical Biology of Fujun Province X ian en Uniwersity, X ian en 361005, Chna

Abstract The contents of polyphenolsof peel] pulp and seed fractions of apple pom egranate olive m angg banana pine-
app le grape and bngan and their total antoxidant activities were studied A fier ultrasound-assisted extraction with 70
aqueous acetone at mom temperaturg polyphenols and tann s in the p hnt cells were separated and their contents w ere
detemmined by Prussiin blue assay Antbxidant activities of the aqueous acetone extracts were evaliated by Ferric Re-
ducing/AntoxidantPower (FRAP) assay. A positive linear correlation betveen antiox dant actwities and phenolic con-
ten ts w as obsewved The resu lis show ed that the frui peel and seeds of pan egranate olive m angg grape and bngan could
be considered as potential sources of antiox dants rather than just d scarded aswaste

K ey words polyphenod tann iz antbxidant fruit pee] pulp and seed

Introduction

The research nterest in polyphenolic antioxidants has
ncreased ram atkably n the last decade because of
their free radical scavenging activities associated with
varibus diseases . Syn hetic antiox dants require h igh
manufacturing costs but show bwer actvites han natr
ral antioxdants and same of hem may be toxic to hu-
man 7. Therefore a need is stinu lated to dentify nat
ural and possbly more econan ic and effective an tox+
dants w ith potential to be used for foods ndustry An-
toxdant can pounds have been dentified n the apple

[3] [4] . [5]
panace ~, banana ~, and n the seeds of grape ",
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mangom and olive ", Besiles the pan egranate peel
" and bngan seed'” also showed heh antioxidant ae-
tivity However to our know ledge, there are few stud es
relatng to the antioxidant actwity of fruit peel G wen
the consilerable anount of by-products arisng fran
fuits-pwocessng plants mproving the utilization of the
fuit peel and seeds is a very mportant issue One pos-
sible solutbn could be umng the fruit peel and seeds
nto a source of natural food add itves and ngredients

Fruiis have excellent antbxdant properties and these
effects are manly attrbuted to their phenolic constitr
ents "*. To find out the distribution of phenolic sub-
stance n different kinds of plant fruits and detem ine
their antioxidant activities apple pamegranate olve

mangqg banana pmneapple grape and bngan were se
lected for this study. The ob jectwes of the present sudy

are to detem ine the total antbxidant capacities and the
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polyphenolic contents of pee] pulp and seed exiracts of
selected fuits and to furher mvestigate the relation-
shps beween antoxilant actwities and polyphenolic

contents in different fruit parts

M aterials and M ethod s

M aterials
Fruis
“Youtanben” longan was purchased fran a local fam
n Zhangzhou Fujian Province Chna Apple( Fushi),
pan egranate olive mango( Zhua), banang pineapp k
and grape were purchased fran W alM art supem atk et
n X mmen, Fujian Provincg Chna
Chenicals
Polyvny o lypy rrolidone ( PVPP), I-ascorb acid and
2 4 G6-tripyridyts-triazine ( TPTZ) were purchased
fran SignaA Hrich Chen icals All other chem icals
were canmonly available reagents made in China
M ethods
Sample prepara tion
O iganic solent extractbn is often used for isolatbn of an-
tox dants Both extractbn yeHl and antiox dant actw ity of
extracts are strongly dependent on the solvent species .
A queous-acetone systan is wiely enpbyed because of
heir high efficiency of polyphenol extracton " There-
bre acetonew ater systen was selected for he extracton
The extraction process was folbwed by M akkar’ s e
Q 53 g of each part of the fruit (fresh tissue) was ae-
curately weghed and extracted with 50 mL aqueous
acetone ( 70% , v/v) under ultrasonic treament for 20
min (2% 10minw ith 5m in break n beween) at wan
temperature The solution was then transferred to cen-
trifige tubes and sub jected to centrifugation for 10 m in
at 3000 g The supematant was collected and kept
cooled on ice The precipitate fran centrifugation was
hen re-extracted w ih 50 mL aqueous acetone ( 70% ,
v/v) and the above procedures were repeated to m ax+
m ize the extract A Il extractswere concentrated on a ro-
tary evaporator below 40 C under reduced pressure
The aqueous restlue ( about 30 mL) was transferred
nto 50mL volmetric flask
D etemn ination of toial polphenol contents

Total polyphenol contents of the aqueous acelone. ex

. 10
tracts were evaluated by the Prussian blue assay to

Dilited extracts (3 OmL) were mixed with 1 mL of
0. 016 mol/LK;Fe(CN), n a wbe then 1mL ofQ 02
mol/LFeCl inQ 1 mol/L HClwas added The con-
tents werem ixed well and kept at (24 £1) C for 15
mmn Then 3mL of 6. 03mol/L H; PO, was added and
the reagents in the twbe werem xed well A fier2m in 2
mL of Y% gun acaciawas added and the color density
wasmeasured at 700 nm aganst a reagent blank The
anount of total polyphenols was calculated as a tannic
acil equwalent fran the calibration curve of tannic
acd standard solitbns ( coverng the concentration
range beween 3 and 15 mg/L), and expressed asmg
tannic acid equivalent (TAE) /g fresh plant material

A llm easuran ents were perforn ed n trp licate

D eterm ination of tannins

Tannn content was detem ned by Pussan blue assay
as above afier ranovalof tann ns by their adsorption on
nsobble matrk ( polvnylpolpyrwlidong PVPP)

" hsolible cross-linked PVPP ( approximately 250
mg) was weighed and m ked with 10 mL diluted ex
tracts in test tubes After 15mn at4 C, wbes were
vortexed and centrifuged for I0m n at 4350 g A liquots
of supematan twere transferred into test tubes and non-
absorbed polyphenols detem ned as descrbed above

Calcu lated values were subtracted fran total polyphenol
contents and lotal tannin contents expressed asmg tan-
nc acd equiwalent (TAE) /g fresh plant material A1l
measuremen ts w ere perfomed n trp licate

D eterm ination of total antioxdant activity

Total antbxdant activity of nvestiated aqueous ace
tone extracts was evaluated by the modifed FRAP
( FerricR educng/Antbxdant Power) assay "Dk
ted extracts (Q 1 mL) were transferred into test tubes
and 3. OmL of freshly prepared FRAP reagent ( 25 mL
acetate buffer 300 mmol/l, pH 3 6 + 2 5 mL 10
mmol/l. TPTZ n 40 mmol/L HC1 + 2 5 mL 20
mmol/L FeCk* 6H,0) were added After S min the
absorthance was m easured at 593 nm against a blank
containng 0 1 mL of solvent Relative actwities were
calculated fran the calbration curve of I-ascoibic acil
standard soltions (Q -1 mmol/LL) under the same

expermental cond itions and expressed as Hmol ascor
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bic acid equivalents (AAE) /g of fresh plantm aterial

A Ilm easurements were perbmed n trplicate

Results and D iscussion

Phenolic conten ts

Total polyphenol and tannn contents of peel pulp and
seed fractions of eiht selected varieties of fruits were
measured by the use of Pmussian blhie method As
shown n Table 1, total polyphenol and tanni con tents
vared consderably fran one k nd of variety to another
In additon they were found to be different in different
parts of the fruils Mean total polyphenol and tannin
contents varied fran Q 28 to 71 93 mg/g and fran
Q 05 to 50 94 mg/g of fresh matter respectively A
good linear relationship beween total polyphenol and
tann n contents was found (r2 =09901LP<000L n
= 22) (Fig 1). The sbpe of curve in Fig 1 ndicated
hat the mean tannin content valie corresponded to

71% of the mean total polyphenol content value
Table 1 Total antbxidant activities and contents of po Iy

phenol and tannin of pee)] pulp and seed extracts

Sample Total polyphenok®  Tannins® FRAP vahed
Apple  Peel 1 5270 03 1.27£0 05 10 070. 33
Pupb 047F006 0.40%002 301%017

Seed 1413010 0 86%0 01 3 55%0 07
Panegrmnate Peel 71 93 %784  50.94%0 33 571 92%*11. 14
Pup 0 72%0.06 053002 322F018

Seed 2 27 X0. 42 1. 080 29 18 5213 44

O live Peel 14 47%0.28 10.61%0 08 75 21%2 23
Pulp 1439%0. 64 10 84%0 57 73 1515 91

Seed 1280F0.60 10 67£0 41 69 54%1. 92

M ango Peel 16 08 0. 40 7.83%0 14 52 22%4 50
Pupb 1 17F006 0.92%005 4 79%026

Seed 274471076 17.82%0 40 87 4216 56

Banana  Peel 1 050 11 0.58%+0 08 7 63%0Q 53
Pulp 0 47 0. 04 0.31%0 08 3 53%027

Pineapple Peel 0 9530 01 0. 63%0 02 6 000 30
Pupb 042F000 024%000 2 46%0 14

Grape Peel 4 78%0. 13 3.50%0 08 29 05%0. 85
Pub 0 28%0.02 0 05%0 01 4 0510 12

Seed 15227F0.42 11.38%0 44 91 80%4 43

Longan  Peel 21 11%0.99 16 13%0 58 118 3415 49
Pubp 0 9F0.06 056FX006 5 15%016

Seed 2672F%1.95 21.84F%1 32 155 32F4 78

M eans of six detem mnations £SD ( standard deviation)
* Expressed asmg tannic acid /g fresh plantm aterial

b Expressed as Mmool AAE /g fresh plant m ateril

The peel and seed extracts contan more polyphenolic
and tannn contents than the pulp extract Sane prev+
ous studies' > **! focused on phenolic can pounds of the
seeds of subtropical and topical fruits but there are
fev reports on the phenolic contents of the peel ex
tracts The results obtaned showed that the polyphenot
ic content of pam egranate peel was the highesy 71 93
mg/g follwed by the peel of bngan (21 11), mango
(16 08), olive (14 47), grape (4 78),

(L 52), banana (1 05), and pneapple (Q 95).
A ntioxidan t activities

apple

FRAP assay is widely enpbyed to evahate the total
antiox dant activity of p lantm aterials U1 A's shown n
Table 1, FRAP valies of different fruits are very d iffex
en| rangng frum 2 46 to 571 92 HmolAAE /g of fresh
phnt materials The FRAP values vary considerably
fiim one kind of varety to another In addition they
are found to be different for d ifferent parts of the fm its
On the basis of the wet weight longan seed had the
hghest antioxtdant activitgy followed by the seeds of
grape manga olive pam egranate and apple For the
peel portion panegranate peel showed he highest an-
tioxidant activity follwed by longan olive mangq
grape apple banana and pineapple And for he pub
fractbn olive showed much higher antioxidant activity
than the seven other fruits O veral] fruit peel and seed
extracts show ed amuch h gher antiox idant capacity and
polyphenolic contents than the pulp extracts of he test
ed fruits

As illustrated n Fig 2 and Fig 3 good correlations
were found between FRAP valies and total polyphenol
content (¥ = 0 9123 P< 0 001 n= 21) and betveen
FRAP values and tannin content ( F=0 9678 P <
0.001, n = 21). This result strongly suggested that
polyphenol content should be considered as an mpo
tant feature of the fruits and their hgh kvels of antiox+
dant actwities weremanly atirbuted to the presence of

phenolic constituents
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Overal] the observed antioxilant actwvites and polyphe-
nol contents w ere greatly dependent on d ifferent extracts
of different fu it varieties Interestingly the peel extracts
also exhbited h gh polyphenolic content and antiox idant
actwity, especially of the subtropical fuu it aswell as the
seed extracts A's phenolic conpounds with different
stuctures are lkely to have different chem ical and bie-
bgical properties it is mportant to clearly dentify the
nd vidual phenolic canpounds so that their single or

synergtic effect can be further suudied

Conclusions

A great variation of polyphenolic contents and FRAP
valies n different extracts of different fruit varieties
was obsewed Total antoxdant capacities and polyphe
nolic contents of fruit peel and seed extractswere found
to be significantly higher than those of he pulp ex
tracts Approxinately 71% of the total polyphenols of
eight detem ned fuils were tannns which were the
major antbxdant canponents of fruit Due to the ele
vated valies of their antioxidant activity, the peel and
seed exiracts of pam egranatg olve mangq grape and
longan could be considered as nev potential sources of
antiox ilants The further study on their chem ical prop-
erties and processing technologies the dentification of
polyphenolic structures and stability of polyphenols

w ill be of m portance
R eferences

1 Siva kM, Souza NS RogezH, et al Antioxidant activities
and polyphenolic contents of fifieen selected plant species
fran the Amazonian region Food Chan, 2007, 101 1012~
1018

2 Soong YY, Barlov PJ Antbxidant activiy and phenolic con
tent of selected fiuit seeds Food Chen, 2004, 88 411-417.

3 LuYR FoolY. Antbxiant and radical scavenging activities of
polyphenols fran app k pan ace Food Chen, 2000 68 81-85

4 SaneyaS Yosh kiY, Okubo K. Antioxidant compounds from
bananas(M usa cavend ish ). Food Chen, 2002, 79 351-354

5 Jayaprakasha GK, Singh RP, Sakariah KK. A ntoxdan tactiv
ty of grape seed( Vitis vinfera) extracts on peroxidation m od-
els in vitra F ood Chan, 2001, 73 285290

6 Puravankara D, Boghm V, Shama RS Effect of antoxidant
principles volated fran mango (M ang fera indica 1. ) seed
kemek on oxdatie stability of buffilo ghee ( butterfat). J
SciFood Agric, 2000 80: 522-526

7 Owen RW, HaubnerR, M ierW, etal Isolatbn stuciure e
cdation and antbxidant potential of the mapr phenolic and
fhvonoi can pounds in brined olive dupes Food Chean T ov—
icol 2003 41: 703-717.

(T A% 10237 )



Vol 19 : ELBA

1023

( Solanaceae). Biochan Syst Ecol 1993 21: 629-644

10 OncnaR DelRio JA, Gomez P, et al Effect of ethylene on
diosgenn accumu hton in callus cultures of T rigonella foe-
nun—graeaim L . Food Chen, 2002 76 475479,

11 Quan HJ Koyanagi ] OlmoriK, etal Prepamtions ofhetere-
spirostanok and their phamacobgical actwities Eur J M al
Chan, 2002 37 659-669.

12 Li R ( ), He J( ), Hu JL ( ). D bsge
nn assay by ELISA ( ELISA ).
China Patent 2004 Z1.02147877. 5

13 Hu JL ( ), LiJR ( ), He J ( ). Prepara

ton of mmunogens of diosgenn and their mmuno-effects a

nalysis J Wuhan Unw, N at Sci( , ),
2003, 49 783-786
14 Huang YH ( ), Sheng XB ( ). Advances on

dbsgenin research Chin Wild Plant R esour(
), 2005, 24: 20-23

15 Yang HY ( ), Yuan LH ( ), WuHL (
), et al Synhesis of dbsgeni-BSA and dbsgen n-OVA
conjugates Nat Prod Res Dev ( ),

2006 18 254-256

(E#% 10437 )

8 LiYF, GuoCJ Yang J] et al Evaluation of antbxidant prop-
erties of pan egranate peel extract h can parison with pom e-
granate pulp extract Food Chen, 2006 96 254260

9 M akkarHPS Quan tificatbn of tannins in tree and shrub fol
age-a hboratory manual FAO /IAEA, Vienna, 2003 45-46

10 G mhan HD' Stabilizatbn of the Pmussian blie color i the
detem maton of polyphenols J Agric Food Chen, 1992, 4Q
801-805.

11 M aksmovic Z M alencic D, KovacevicN. Polyphenol contents

and antioxidant actity ofM ayd is stign a extracts B ioresource

T ech, 2005 96: 873-877.

12 Benzie IFE Strain JJ] The ferrc reducing ability of plasn a as
a measure of “ antbxilant power”: the FRAP assay Anal
Bodian, 1996 239 70-76

13 Ridter A, Skbsted LH, Andersen ML Antoxiatve and
prooxiative effects of extracts made from chewy liqueur
pan ace Food Chan, 2006 99 6-14

14 Guo CJ] Yang J] Wei )Y, e al Antoxidant actwities of

peel pulp and seed fractions of canmon fuits as dete m ined

by FRAP assay Nuwr Res 2003 23 1719-1726



