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ABSTRACT

Kradonbok (Careya sphaerica Roxb.), one of Thai indigenous vegetables, was selected for
studying the effect of sample preparation method and extraction time on antioxidant activity. Theresults
showed that sampl e preparation methods gave significant effect on total phenolic content and antioxidant
activity but had no marked effects on yield of the extract. Freezing, especially fast freezing, for keeping
the leaves until the analysistime gave ahigher yield of the extract, a higher total phenolic content and
a greater antioxidant activity compared with those obtained from other drying methods. Kradonbok
leaves kept by fast freezing were extracted with ethanol for 0.25, 0.5, 1, 3, 4.5, 6, 24, 48, 96 and 168 h.
The results showed that yield of the extract and total phenolic content were almost constant after 3 h of
extractiontimeat roomtemperature. However, extractiontimefrom4.5to 6 hgavethelowest ECsgvalue,
comparing with those from other extraction times. These results suggested that fast freezing was the
appropriate preparation method to keep theplant leaf for further investigating the antioxidant activity and
extraction timeto obtain the highest yield of the extract and antioxidant activity should be carried out for
45t06h.
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INTRODUCTION (Pokorny, 2001). The most important mechanism

is their reaction with free radicals and forming

Currently, thereisanincreasing demand to
evaluate the antioxidant properties from plants
which contain a variety of substances called
“phytochemicals’ (Pratt, 1992). The term
“phytochemicals’ refers to naturally occurring
chemical substances present in plants especially
those with biological activity (Caragay, 1992).
Most phytochemical sincludephenoliccompounds
(flavonoids, phytoestrogens), and glucosinolates
(Johnson, 2001). Many plant polyphenolics with
antioxidant properties have been studied and
proposed for protection against the oxidation

inactive products.

Ingeneral, processing conditionsanddrying
methodsaffect yield and theretentionof antioxidant
activity (Moure et al., 2001). The effect of
temperature has been studied and showed that
dryingwithair at 100°C or higher gaveasignificant
reductioninextracted polyphenols(Larrauri et al .,
1997). In addition, the antioxidant activity of
samples dried with air at 100°C was reduced by
28% comparing with that obtained from drying at
60°C but did not significantly affect the extracted
polyphenoals with respect to freeze-drying. From
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previous reports, there were several preparation
processes before extraction such as drying plants
with hot air oven at 40°C and keeping at room
temperature (Miean and Mohamed, 2001; Bocco
et al., 1998), or drying samples with air at 25°C
and keeping at room temperature (Siddhurgju et
al., 2002), or keeping fresh plants in a still air
freezer between -25 to -30°C (Amakura et al.,
2000; Veliogluetal., 1998). Extractiontimeaffects
the antioxidant activity differently. A significant
increment of extracted polyphenols from
strawberry and white grape was found when they
wereextracted between2minand4h (Wangetal.,
1996).

In Thailand, many indigenous plants
belonging to various families are utilized as food
and medicine. Kradonbok isoneof Thai indigenous
vegetables. It is favorably consumed fresh and
mostly found in the Northeast of Thailand. Its
name is different in different local areas, for
instance, Kradon, Phak-Kradon, Kradonbok and
Kradonkhok (Northeast). Theshoots, youngleaves
and young flowers of the plant are traditionally
eaten. Ittastesalittle sournessand astringency due
to their phenolic phytochemicals. Kradonbok has
some health benefits such as using leaves for
healing a wound (Vuttithammawech, 1997).
Therefore, it wasof interest toinvestigate thetotal
yield and antioxidant activity of Kradonbok
(Careya sphaerica Roxb.) leaves from various
sampl e preparation methodsfor storagebeforethe
extraction analysis dueto the seasonal harvest. In
addition, the sample preparation method that
provides the highest extraction yield and total
antioxidant activity will be selected to study the
appropriate extraction time.

MATERIALSAND METHODS

Plant and chemicals

One lot of Kradonbok leaves (Careya
sphaerica Roxb.) was purchased from cultivated
place at Amphur Trakarnpeaudphol in Bureerum

province during harvest season in April 2002.
Immediately upon arrival after harvesting,
Kradonbok was cleaned and selected only sound
|eavesfor studying the samplepreparation method
for further extraction.

Folin-Ciocalteu reagent, 2, 2-Diphenyl-1-
picrylhydrazyl (DPPH), sodium carbonate,
hexamethyltetramine, aluminium chloride, rutin
were purchased from Sigma Chemical Co.
(St.Louise, USA). Gallicacidwaspurchased from
Acros Organics (New Jersey, USA). The other
chemicals and solvents used in this experiment
were reagent - grade quality and purchased from
Sigma- Aldrich (Milwaukee, USA).

Determination of the appropriate sample
prepar ation methods

The fresh Kradonbok leaves containing
about 75.3% moisture content were used. Five
different sample preparation methods for sample
storagewereinvestigated. Thesesamplepreparing
methodswere(1) hotair dryingby tray dryer at 40°
C for 18 h (Bocco et al., 1998) with air velocity
about 0.5m/s; (2) vacuum drying by vacuumdryer
at40°C,100mmHg(EY ELA, model VOS-300SD,
Japan) for 10 h; (3) air drying at room temperature
25°C for 12 h with air velocity about 3.2 m/s; (4)
slowingfreezing by freezingfreshleavesinfreezer
at -30°C after packing in HDPE bag; (5) fast
freezing by contacting with dry ice and further
freezing at -30°C. All dried sampleswere stored
atroomtemperaturein PE bagwhilefrozensamples
werestored inthefreezer at -30°C until extraction
for theyield of the extract and antioxidant activity
determination.

All samples were sampled out every 10
days. The samples prepared from drying methods
were analyzed for their water activity using a
thermoconstanter (Novasina, Zurich, Switzerland)
a 25°C (Pongsawatmanit et al., 2002) during
storage period. The Kradonbok extracts was
obtai ned by extractingtheground leaveswith 95%
ethanol for 30 min a room temperature with



10 Kasetsart J. (Nat. Sci.) 38 (5)

shakingtoensurethecompleteextraction (modified
fromVeliogluetal., 1998), thenfiltrating through
Whatman No. 1 filter paper. Samples were
centrifuged (15 min, 1500g). The supernatant was
evaporated under reduced pressure (50°C, 50
mmHg), and kept in airtight amber bottles after
flushing with nitrogen gasfor 30 s (Azizah et al.,
1999). Thedried extractswere stored in freezer at
-30°C until analysis time by determining their
total phenolic compoundsand antioxidant activity
(ECsp). The fresh sample leaves were also
investigated for the comparison.

Determination of the appropriate extraction
time

The sample preparation methods which
gavethe highest yield and the highest antioxidant
activity were selected to study the effect of
extraction time (0.25, 0.5, 1, 3, 4.5, 6, 24, 48, 96
and 168 h) by using the previous procedure. The
extractswere evaluated with respect to their yield
of theextract, total phenolic content and antioxidant
activity.

Determination of yield

The dried extracts were weighed, and
percentageof yieldfor each samplewascal cul ated
using following equation:

Yield (%, dry basis) = (Wq x 100)/W, (1)

Where W, was the weight of extract after
evaporation and W5 was the dry solid weight of
stored sample.

Determination of total phenolic content

Total phenolic content was determined
using Folin-Ciocalteu reagent (Kéhkonen et al.,
1999). Extracted samples (200 pl) were mixed
with oneml of Folin-Ciocalteu reagent and 0.8 ml
of sodium carbonate (7.5%w/v) for 30 min in the
dark, and then centrifuged at 3300g for 5 min.
Absorption was measured at 765 nm (UV-VIS

1601 spectrophotometer, Shimadzu). Total
phenolic content was expressed as gallic acid
equivalents (GAE) in milligrams per gram dry
matter.

Determination of antioxidant activity using
DPPH radical

The antioxidant activity of samples was
evaluated according to Masuda et al. (1999). An
appropriate amount of extract sample was added
into 4.9 ml methanol to giveaserial dilution of the
extracts in methanol at 1:10, 1:102, 1:103, 1:104,
1:10°, 1:105. Then 100 ul of 5 mM DPPH in
methanol solution was added into each diluted
sample solution. After the solutions were |€eft to
stand at 37°C for 30 mininthedark, absorbance of
sampl e solution without DPPH, sample solutions
containing DPPH and DPPH solution without
sampleextract wererecorded at 517 nm (UV-VIS
1601 spectrophotometer, Shimadzu). DPPH radical
scavengingactivity wascal culated modifyingfrom
Tachibana et al., (2001) using the equation

DPPH radical scavenging activity (%)
= [AO - (Al_ As)]/Ao x 100 (2)

Where A, was the absorbance of the DPPH
solution without sample extract, A1 was the
absorbance of the DPPH solution in the presence
of the plant extract, and A wasthe absorbance of
the sample extract solution without DPPH.
Antioxidant activity asECsgwasdetermined from
the relationship of DPPH radical scavenging
activity and concentration of extract. The ECxpis
defined as an amount of antioxidant required for
causing a 50% reduction in the absorbance of
DPPH.

Statistical analysis

The data are mean values of at least two
replicate experiments. Analysis of variance was
carried out and significant difference among
treatments was determined by Duncan’s multiple
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range test (p<0.05).
RESULTSAND DISCUSSION

Comparison of sampleprepar ation methodson
yields and antioxidant activities

The yields of Kradonbok leaf extraction
prepared from various methods were about 2%
(dry weight) while yields of other leaf extraction
methodsreportedinliteratureranged between 2to
15% (Demo et al., 1998). These yields were not
significantly different during storage for each
preparation method (Figure1). However, freezing
methods seem to get the highest yield compared
withthoseobtained fromtheother drying methods.

Sample preparation for storage before
analysisisnecessary eventhetotal phenoliccontent
showed a lower value compared with the fresh
leave (24.41+0.03 mg of GAE/Q). The total
phenoliccontent of dried extractswassignificantly
different (p<0.05) and reduced by about 3, 9, 12,
20 and 25% for fast freezing, slow freezing, air
drying at 25°C, vacuumdrying at 40°C and hot air
dryingat 40°C, respectively. Total phenoliccontent
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Figurel Yieldsof crudeextractfromKradonbok
leaves obtained from various sample
preparation methods.

and antioxidant activity (lower ECgp) of extracts
prepared from freezing showed the higher values
than those prepared from other drying methods
(Figure 2a and 2b). The total phenolic content
obtained from slow freezing method was lower
thanthat obtained fromfast freezing becauselarger
ice crystals grew during freezing which would
damage plant cellsand cause aloss of antioxidant
activity. The enzymes from plant cell such as
lipoxygenase can oxidize polyphenols (Akoh and
Min, 1997). The total phenolic content obtained
from air drying was higher than those obtained
fromvacuumdryingand hot air drying (Figure2a)
because some phenolic content may be degraded
by higher temperature (Moure et al., 2001). This
result also found in fresh Mulberry leavesthat the
amount of flavonoidwashigherinair-dried samples
than that in oven-dried samples, probably due to
decompositionafter storage(Zhishenetal., 1999).
The amount of total phenolic content in dried
samples decreased during the storage due to
phenolic decomposition which may result from
higher water activity (a,) of the dried samples
(Figure 3) ranging from 0.3 to 0.6. Water activity
correlates with the stability of foods in terms of
chemical reactionsand microbial growths. Usually
water activity value of higher than 0.4 enhances
the deterioration of oxidation ability (Akoh and
Min, 1997). The water activity increased because
the moisture content could penetrate through PE
plastic bag (Kadoya, 1990) during storage.

Comparison of extraction timeson yields, total
phenalic content and antioxidant activities
Extraction time affected yields, total
phenolic content and antioxidant activities. For
the first stage of extraction, the yield and total
phenolic content increased with increasing the
extraction time (Figure 4aand 4b). Theyield and
total phenolic content remained almost the same
after 3 h of extraction at room temperature.
However, the extraction timefrom 4.5to0 6 h gave
thelowest ECspval ue(highest antioxidant activity),
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Figure3 Water activity of thedried leavesfrom
Kradonbok obtained from various dry-
ing preparation methods.

compared with those obtained from extraction
timeof lessthan4.5h or longer than 6 h. The ECsg
increased with increasing extraction time (Figure
4c) when the extraction time was more than 6 h.

This may result from chemical and enzymatic
degradation which is likely to be the main
mechanism causing the reduction in polyphenol
content affected to antioxidant activity (Larrauri et
al., 1997). From this study, the amount of total
phenolic content (about 6%) did not change
whereastheantioxidant activity decreased. These
suggested that polyphenols can react with other
plant components and decompose to form other
lessactivephenolic contents (Guillot et al., 1996).

CONCLUSIONS

Freezing, especially fast freezing, for
keeping the Kradonbok leaves until the time of
analysis, gave the higher yield, total phenolic
content and antioxidant activity (lower ECsp)
compared with those obtained from other drying
preparation methods. Extraction timefor 4.5t0 6
hwith ethanol at room temperature of Kradonbok
|eaves prepared from fast freezing gave thelowest
ECspvaluewhichindicatedthehighest antioxidant
activity.



Kasetsart J. (Nat. Sci.) 38 (5) 13

24

22 & =3

20

18

16

Yield (%wiw)

14

12

10

08

0 1 2 3 4 5 (0 20 40 60 80 100120140160 180200

Extraction time (h)

@

<

&)
m s
<
s
<]
jo]
E 4
8,
°©
T
[=8
T 1
<]
'_
o . . . . . N
0 1 2 3 4 5 b/D 20 40 60 80 100120140160180200
Extraction time (h)
(b)

~
=]

ECs0 (mg/l)
& & 8 &

5

Etraction time (h)

Figure4 Yield of the extract (a), total phenolics (b) and ECgj () as a function of extraction time of
Kradonbok leaves kept in the frozen state before analysis.

ACKNOWLEDGEMENTS

Thisresearch was partially supported by a
grant from Kasetsart University Research and
Development Institute (KURDI), and Thesis and
Dissertation Fund, The Graduated School,
Kasetsart University, Thailand.

LITERATURE CITED

Akoh, C. C. and D. B. Min. 1997. Food Lipids;
Chemistry, Nutrition, and Biotechnology.
Marcel Dekker Inc., New Y ork. 816p.

Amakura, Y., Y.Umino, S. Tsuji and Y. Tonogai.
2000. Influence of jam processing on the
radical scavenging activity and phenolic
contentin berries. J. Agric. Food Chem. 48:
6292-6297.

Azizah,A.H.,N.M.Nik Ruslawati and T. S. Tee.
1999. Extraction and characterization from
cocoa by product. Food Chem. 64: 199-202.

Bocco, A., M-E. Cuvelier, H. Richard and C.
Berset. 1998. Antioxidant activity and
phenolic composition of citrus peel and seed
extracts. J. Agric. Food Chem. 46: 2123-
2129,

Caragay, A. B. 1992. Cancer-preventive foods
and ingredients. Food Technol. 46: 65-69.

Demo, A., C. Petrakis, P. Kefalasand D. Boskou.
1998. Nutrient antioxidants in some herbs
and Mediterranean plant leaves. Food Res.
Int. 31: 351-354.

Guillot, F., A. Manoé and R. H. Stadler. 1996.
Antioxidant properties of novel
tetraoxygenated phenylindanisomersformed
duringthermal decomposition of caffeicacid.



14 Kasetsart J. (Nat. Sci.) 38 (5)

J. Agric. Food Chem. 44: 2503-2510.

Johnson, I. T. 2001. Antioxidants and antitumour
properties, pp 100-123. In J. Pokorny, N.
Yanishlieva and M. Gordon (eds.).
Antioxidants in Food: Practical
Applications. Woodhead Pul bishing Limited,
Cambridge.

Kadoya, T. 1990. Food Packaging. Academic
Press Inc., Sandiego. 424p.

Kahkonen, M. P., A. . Hopia, H. J. Vuorela, J. P.
Rauha, K. Pihlgja, T. S. Kujala and M.
Heinonen. 1999. Antioxidant activity of plant
extracts containing phenolic compounds. J.
Agric. Food Chem. 47: 3954-3962.

Larrauri, J. A., P. Ruperez and F. Saura-Calixto.
1997. Effect of drying temperature on the
stability of polyphenols and antioxidant
activity of red grape pomace peels. J. Agric.
Food Chem. 44: 1390-1393.

Masuda, T., S. Yonemori and M. Nakata. 1999.
Evaluation of antioxidant activity of
environmental plants: activity of the leaf
extractsfrom seashoreplants. J. Agric. Food
Chem. 47: 1749-1754.

Miean, K. H. and S. Mohamed. 2001. Flavonoid
(Myricetin, Quercetin, Kaempferol, Luteolin,
and A pigenin) content of edibletropical plants.
J. Agric. Food Chem. 49: 3106-3112.

MoureA.,J. M. Cruz, D. Franco, J. M. Dominguez,
J. Sineiro, H. Dominguez, M. J. Nufiez and J.
C. Pargjo. 2001. Natural antioxidants from
residual sources. Food Chem. 72: 145-171.

Pokorny, J. 2001. Introduction, pp 1-3. In J.
Pokorny, N. Yanishlieva, and M. Gordon
(eds.). Antioxidants in Food: Practical
applications. Woodhead Publishing Limited,

Cambridge.

Pongsawatmanit, R., P. Thanasukarnand S. Ikeda.
2002. Effect of sucrose on RVA viscosity
parameters, water activity and freezablewater
fractionof cassavastarch suspensions. Science
Asia 28: 129-134.

Pratt, D. E. 1992. Natural antioxidantsfrom plant
material, pp 54-71. Inl. M. T. Huang, C. T.
Ho, C. Y. Lee (eds.). Phenolic Compounds
in Food and Their Effects on Health.
American Chemical Society, New Y ork.

Siddhurgju, P., P. S. Mohan and K. Becker. 2002.
Studies on the antioxidant activity of Indian
Laburnum (Cassia fistula.L.): a preliminary
assessment of crude extractsfrom stem, bark,
|leavesand fruit pulp. Food Chem. 79: 61-67.

Tachibana, Y., H. Kikuzaki, N. H. Lajis, and N.
Nakatani. 2001. Antioxidative activity of
Carbazolesfrom Murraya koenigii leaves. J.
Agric. Food Chem. 49: 5589-5594,

Vdiogly, Y. S, G. Mazza, L. Gao and B. D.
Oomah. 1998. Antioxidant activity and total
phenolics in selected fruits, vegetables, and
grain products. J. Agric. Food Chem. 46:
4113-4117.

Vuttithammawech, V. 1997. Herbal
Encyclopedia. Odien Store Printing,
Bangkok. 618p. (in Thai)

Wang, H., G. Cao. and R. L. Prior. 1996. Total
antioxidant capacity of fruits. J. Agric. Food
Chem. 44: 701-705.

Zhishen, J., T. Mengchengand W. Jianming. 1999.
The determination of flavonoid contents in
mulberry and their scavenging effects on
superoxide radicals. Food Chem. 64: 555-
559.





