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DPPH Radical-Scavenging Activity and Polyphenol Content in Dried Fruits
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The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity and polyphenol content of 25 dried
fruits were evaluated and compared with fresh fruits. The contribution of ascorbic acid to this activity was also
determined. All dried fruits contained DPPH radical-scavenging activity with hawthorn, apricot and blueberry
having the highest. Other dried fruits containing rind also had high activity. The DPPH radical-scavenging activity
and polyphenol content of dried fruits were highly correlated.
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Recently it has become evident that free radicals and reactive
oxygen species injure DNA and biological membrane, and con-
sequently induce cancers, aging and life-style related diseases.
Free radical-scavenging activities are detected in various kinds
of foods (Arai et al., 2001; Wang and Lin, 2000; Hirota et al.,
2000) and the results of clinical applications have been reported
(Hibatallah er al., 1999). In addition, the changes of free radi-
cal-scavenging ingredients during processing and cooking of
vegetables have also become evident (Crozier et al., 1997,
Yamaguchi et al., 2001). Therefore, it is anticipated that intake
of these radical-scavenging ingredients in the daily diet can
prevent cancers, aging and life-style related diseases.

Processed foods, and alcoholic and non-alcoholic beverages
with added functional ingredients have been increasing on the
market, and the production and consumption of these func-
tional foods and beverages are also increasing (Chandan,
1999). There are many reports of the functional ingredients in
vegetables and fruits. We previously reported the functional
ingredients of alcoholic and non-alcoholic beverages (Ishiwata
et al., 2000, 2001a, b).

Since fresh fruits are rich in radical-scavenging compounds,
dried fruits are also expected to be good sources of these com-
pounds. However, these compounds may be decomposed dur-
ing drying. Therefore, radical-scavenging compounds in dried
fruits have to be determined in order to determine the food
function of these fruits.

In this paper, we evaluated 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical-scavenging activity of various dried fruits as
well as ascorbic acid and polyphenol contents, and compared
them to those of fresh fruits.

Materials and Methods

Materials Dried fruits were purchased from local mar-
kets in Nara and Yokohama, Japan. Water content of each dried
fruit was determined by drying method at 110°C.
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Reagents DPPH, L-ascorbic acid, tristhydroxyme-
thyl)aminomethane (Tris), 2,4-dinitrophenylhydrazine, acetoni-
trile (HPLC grade) and Folin-Ciocalteu reagent solution were
obtained from Nacalai Tesque Inc. (Kyoto). Ethanol and meth-
anol (HPLC grade) were obtained from Wako Pure Chemical
Industries (Osaka). The water used in this experiment was puri-
fied with Milli-Q Labo equipment (Millipore Japan, Tokyo).

Preparation of materials Dried fruits from the market
were cut into small pieces, smashed in liquid nitrogen and
freeze-dried (Vinson et al., 1998). We used those freeze-dried
fruit powders throughout this work.

Measurement of DPPH radical-scavenging activities
Dried fruit powder was first extracted twice by ethanol, and
then the residue was extracted twice by water. Before determi-
nation, extracts were filtered through a Cosmonice filter-W
(0.45 pm, 25 mm i.d.). Measurement of DPPH radical-scav-
enging activities was carried out using the DPPH-HPLC
method (Yamaguchi ef al., 1998). The HPLC analysis was car-
ried out on a TSK gel Octyl-80Ts column (4.6X150 mm,
Tosoh, Tokyo) equipped with a Hitachi L-7420 UV-VIS detec-
tor at room temperature. The mobile phase was methanol/water
(70 : 30, v/v) and the flow rate was 1 ml/min. Detection wave-
length was 517 nm.

The radical-scavenging activities of ethanol and water
extracts were determined separately and summation of the
activities in the two extracts was used. A blank was run without
sample, and Trolox was used as the positive control. Radical-
scavenging activity was expressed as ascorbic acid equivalent.

Measurement of ascorbic acid  Dried fruits were extract-
ed by 5% metaphosphoric acid with or without 1% stannous
chloride to determine [dehydroascorbic acid+diketogulonic
acid] or [ascorbic acid+dehydroascorbic acid+diketogulonic
acid], respectively. Ascorbic acid was measured by HPLC
according to Kishida et al. (1992). HPLC analysis was carried
out on a Cosmosil C18-AR-II column (4.6X250 nm, Nacalai
Tesque) with a Hitachi L-7420 UV-VIS detector at room tem-
perature. The mobile phase was acetonitrile/water (50 : 50, v/v)
adjusted at pH 3.5 with 0.1% triethylamine and phosphoric
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Table 1. Radical-scavenging activity of dried and fresh fruits.
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Radical-scavenging activity

Fruit Status Country (mg AsA eq/100 g dry weight) AsAY contribution (%) Water content (%)
Apple D-r” China 8754287 0.1 34
F—r® Japan 4,754+69 0.1 84
Apricot D+ China 3,.84696 0.0 19
F+r Japan 29,413x172 0.0 88
Banana D—r PHY 295+18 0.0 10
F-r PH 54720 0.0 77
Blueberry D+r USA 2,869+49 0.0 32
F+r USA 16,724 +80 1.8 87
Cherry D+r China 1,010+33 0.7 30
F+r USA 6,529:+33 0.1 78
Cranberry D+r USA 3,079+22 0.1 31
Fig D+r Turkey 1,087=11 0.1 21
F+r Japan 2,524+37 0.1 79
Grape D+r USA 1,346 +25 0.1 14
F+r Japan 2,883+27 0.1 79
Hawthorn D+r China 5,439£68 0.2 31
Jujube D+r China 2,649+19 0.0 30
Kiwifruit D-r China 2577 0.3 25
F—r Nz» 2,049+34 35 84
Kumgquat D+r Japan 189%16 0.0 22
Mango D—r Thailand 456+24 1.6 31
F—r1 PH 6,841+92 1.2 84
Melon D—r China 440+ 14 0.9 20
F—r Japan 2,195+83 23 87
Muscat D-r China 1,106+6 0.1 19
F—r Japan 1,374x12 0.1 79
Papaya D-r PH 325%6 1.3 27
F-r PH 95043 52 87
Peach D—r China 1,442*+16 0.1 39
F—r Japan 1,949+88 0.7 91
Pear D-r China 1,301+6 0.1 34
F-r Japan 1,748=66 0.3 89
Pineapple D-r Taiwan 321%3 0.3 33
F-r Taiwan 798+38 1.1 79
Prune D+r USA 3,112£85 0.0 40
F+r USA 10,901 94 0.0 79
Rakanka D+r China 3213x123 0.0 9
Strawberry D-r China 1,997+62 0.1 26

©®AsA contribution, ascorbic acid content/radical-scavenging activity X 100%. ” D-r, Dried fruits without rind. 9 Data were means=SD of three
determinations. ® F-r, fresh fruits without rind. ©’ D+r, dried fruits with rind.” F+r, fresh fruits with rind. ¥ PH, Philippines.”” NZ, New Zealand.

acid at the flow rate of 1 ml/min. Detection wavelength was at
505 nm. Ascorbic acid content was calculated by subtraction
of [dehydroascorbic acid+diketogulonic acid] from [ascorbic
acid+dehydroascorbic acid+diketogulonic acid].

Measurement of polyphenol content Dried fruits were
extracted by 80% methanol. Measurement of polyphenol con-
tent was carried out according to Singleton and Rossi (1965)
and Kihkonen et al. (1999) using Folin-Ciocalteu reagent solu-
tion.

Results and Discussion
Radical-scavenging activities of dried and fresh fruits

DPPH radical-scavenging activity of 22 kinds of dried fruits
and 16 kinds of fresh fruits corresponding to the dried fruits are
shown in Table 1. Among dried fruits, hawthorn contained the
highest radical-scavenging activity. Dried fruits with rind such
as apricot, cranberry, prune, and rakanka also contained high
activity. However, the contribution of ascorbic acid was negligi-
ble in dried fruits, which suggests that the radical-scavenging
activity may originate from other active compounds such as
polyphenols. Table 1 also shows that the radical-scavenging
activity of dried fruits was lower than that of the corresponding
fresh fruits on a dry weight basis. On a fresh weight basis, how-

ever, dried fruits generally contained higher activity than fresh
fruits. These results suggest that the dried fruits, especially
those with rind, are a good source of radical-scavenging activ-
ity.

Radical-scavenging activity in rind and pulp of fresh
fruits  Since high radical-scavenging activity was found in
dried fruits with rind, the activity in rind and pulp of fresh fruits
was determined (Table 2). In all fruits except apricot, the activ-
ity of rind was higher than that of pulp. However, fresh fruits
are usually eaten without the rind. Therefore, dried fruits with
rind are suitable for efficient intake of radical-scavenging activ-
1ty.

Leong & Shui (2002) reported that the contribution of ascor-
bic acid to radical-scavenging activity in fresh fruits was higher
than our results. This may be due to the difference in the meth-
ods used, as previously reported by Murakami er al. (2002).
They determined 2,2"-azinobis-(3-ethylbenzothiazoline-6-sul-
fonic acid) (ABTS) radical-scavenging activity, while we used
DPPH radical.

Polyphenol content of dried and fresh fruits  Polyphenol
content of dried and fresh fruits is shown in Table 3. Among
dried fruits, hawthorn contained the largest amount of total
polyphenols, followed by blueberry, grape, and apricot. In addi-



154

Table 2. Radical-scavenging activity of pulp and rind of fresh fruits.

K. ISHIWATA et al.

Radical-scavenging activity

. W _— \
Fruit Country Part (mg AsA eq/100 g dry weight) AsA® contribution (%) Water content (%)
Apple Japan rind 17,010%:84" 0.1 71
Japan pulp 475569 0.1 84
Apricot Japan rind 9,006£68 0.1 87
Japan pulp 20,516=135 0.0 88
Banana PH” rind 1,099+ 11 0.1 70
PH pulp 547+20 0.1 77
Fig Japan rind 3,420+100 0.1 75
Japan pulp 2,524+37 0.1 79
Grape Japan rind 11,126+42 0.0 77
Japan pulp 1,283£57 0.1 81
Kiwifruit Nz rind 16,459+134 0.2 65
NZ pulp 2,049+34 35 84
Mango PH rind 2480278 0.0 75
PH pulp 6,84192 0.6 85
Muscat Japan rind 3,458+80 0.1 80
Japan pulp 1,374+62 0.1 81
Papaya PH rind 4,056=77 0.7 82
PH pulp 95042 5.2 87
Peach Japan rind 846067 0.1 76
Japan pulp 1,949+88 0.7 91
Pear Japan rind 2,416*17 0.2 74
Japan pulp 1,748+66 0.3 79
Prune USA rind 4,906=80 0.0 70
USA pulp 1,375*6 0.1 84

@ AsA contribution, ascorbic acid content/radical-scavenging activity X 100%. " Data were means+SD of three determinations. ' PH, Philip-
. g y p
pines. " NZ, New Zealand.

Table 3. Polyphenol content of dried and fresh fruits.

Total polyphenols

Aglycons

Fruit Status Country (mg GAE"/100 g dry weight) (mg GAE/100 g dry weight) (%)
Apple D-r” China 916x7" 103+1 11.3
F-r? Japan 2,168+38 47028 21.7

Apricot D+ China 2,256*+13 634+12 28.1
F—r’ Japan 3,062+25 2,330+52 76.1

Banana D-r PH® 4133 250 6.1
F-r PH 804=5 2443 303

Blueberry D+r USA 2,832+4 185+2 6.5
F+r USA 3,590+31 2,390+ 14 66.6

Cherry D+r China 8287 226+ 14 273
F+r USA 1,017£28 265+51 26.1

Cranberry D+r USA 1,819%8 33246 182
Fig D+r Turkey 1,234+4] 136+16 11.0
F+r Japan 1,69924 3613 21.3

Grape D+r USA 2,414=7 354=5 14.7
F+r Japan 3,202+50 939+11 29.3

Hawthorn D+r China 356311 1,138=5 319
Jujube D+r China 1,152=4 350=4 304
Kiwifruit D-r China 758%6 276*4 36.4
F-r NZ» 930=11 67615 727

Kumquat D+r Japan 5304 193+5 36.5
Mango D-r Thailand 885+9 323+6 36.5
F-r PH 1,448x91 544+24 37.6

Melon D—r China 555+8 1+0 0.2
F-r Japan 1,042+17 1382 13.2

Muscat D-r China 1,161x43 16310 14.0
F—r Japan 1,558+24 3042 19.5

Papaya D-r PH 389£2 2843 73.0
F-r PH 510=8 236+2 46.3

Peach D—r China 1,260+29 222+16 17.6
F-r Japan 1,833=13 398+2 217

Pear D-r China 1,196x21 3167 264
F—r Japan 1,328+ 14 321%6 24.1

Pineapple D-r Taiwan 8025 293+3 36.5
F—r Taiwan 1,248+13 34910 279

Prune D+r USA 1,032%6 183+3 17.7
F+r USA 1350+7 509=5 377

Rakanka D+r China 2,007=20 697+13 347
Strawberry D-r China 1,162+17 382+6 328

“GAE, gallic acid equivalent. P D-r, dried fruits without rind. ' Data were means*SD of three determinations. ¥ F-r, fresh fruits without rind. ® D+r, Dried
fruits with rind.” F-+r, fresh fruits with rind. ¥ PH, Philippines.”” NZ, New Zealand.
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Fig. 1. Correlation between radical-scavenging activity and total polyphenols in dried fruits. GAE, gallic acid equivalent.

Table 4. Polyphenol content of pulp and rind of fresh fruits.

. Total polyphenols Aglycons

Fruit Country Part (mg GAEM/l;ooyg dry weight) (mg GAE/100 g dry weigity) (%)
Apple Japan rind 3,555%£35" 2,335+27 65.7
Japan pulp 2,168£38 470+28 217

Apricot Japan rind 1,390x38 971423 69.9
Japan pulp 306324 2,330%35 76.1

Banana PH" rind 2,799=13 1,724%9 61.6
PH pulp 804=5 244=3 30.3

Fig Japan rind 2,092+17 798=6 382
Japan pulp 1,699+24 361+3 21.3

Grape Japan rind 1,450+24 1,280x14 88.3
Japan pulp 442+3 74=6 16.7

Kiwifruit NZ rind 1,282+24 1,068 10 83.3
NZ pulp 93011 67615 72.7

Mango PH rind 16,475+189 14,157127 85.9
PH pulp 144891 544+24 37.6

Muscat Japan rind 341852 2,061+12 60.3
Japan pulp 1,558+24 304+2 19.5

Papaya PH rind 74429 12+3 1.6
PH pulp 510=8 236x2 46.3

Peach Japan rind 2,258+30 1,013=15 449
Japan pulp 1.833+13 3982 217

Pear Japan rind 2,013+24 1,958+8 97.3
Japan pulp 1,328%14 3216 24.1

Prune USA rind 4,608%=55 3,730+20 81.0
USA pulp 1.800+38 1,424+33 79.1

@ GAE, Gallic acid equivalent. ” Data were means*SD of three determinations. © PH. Philippines. “'NZ, New Zealand.

tion, the total polyphenol content of dried fruits with rind was
high. The fruits containing high DPPH radical-scavenging
activity tended to contain a large amount of polyphenols; as
shown in Fig. 1, these two factors are highly correlated in dried
fruits. These results suggest that the contribution of polyphe-
nols to radical-scavenging activity is large in these fruits.

Table 3 also shows that the polyphenol content of dried fruits
was lower than that of the corresponding fresh fruits on dry
weight basis. The ratio of aglycons was also lower in dried
fruits. Aglycons probably became more decomposed than gly-
cosides during preparation of the dried fruits, since aglycons
are less stable than glycosides (Rice-Evans & Miller, 1996;
Chuda er al., 1998).

In this study, individual polyphenolic compounds could not
be determined, however, polyphenols in some fresh fruits have
been reported: cyanidin and peonidin-3-galactose in cranberry
(K#hkonen et al., 2001); cyanidin and chlorogenic acid in blue-
berry (Tsushida, 1998) and prune (Donovan et al., 1998); and
catechin, epicatechin, gallic acid and malvidine-3-glucoside in
grape (Iwashina, 1994). Further study on individual com-
pounds in fresh and dried fruits is necessary.

Polyphenol content of rind and pulp of fresh fruits
Polyphenol content of rind and pulp of fresh fruits was deter-
mined (Table 4). In all fruits except apricot, the polyphenol
content of rind was higher than that of pulp, as true of the radi-
cal-scavenging activity. Since fresh fruits are usually eaten
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without rind, eating dried fruits with rind are a good means of
efficient intake of polyphenols as well as radical-scavenging
activity.

Conclusions

Among the dried fruits examined, hawthorn, apricot and
blueberry had the highest radical-scavenging activity. Though
ascorbic acid did not contribute to this activity, polyphenol con-
tent was highly correlated with it. Since dried fruits, especially
with rind, contain high radical-scavenging activity and
polyphenol content, they as well as fresh fruits are considered
healthy and suitable for preventing life-style related diseases.
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