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ABSTRACT

Two varieties of guava fruit were analyzed for total phenal contents, ascorbic add contents and antioxidant
adivities. The aitioxidant adivities were asss®d besed onthe aility of the fruit extrads in 50% ethanal to
scavenge DPPH, reduce Fe(lll) to Fe(ll) and to bind to Fe(ll) ion. The results were compared to several other
locd fruits as well as orange. It was foundthat the guava fruit contains relatively high amourts of antioxidant. It
also has high primary, but low secondary antioxidant potential. Storage & 4°C has the dfed of increasing
ascorbic add content, and the nonpeded fruit has higher total phenal and ascorbic add contents compared to
the peded fruit. The length and width of the seedy guava were dso monitored over a period d 17 weeks to
define spedfic stages of fruit ripening.
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INTRODUCTION

Guava (Psidium gugava L.), also known locdly as jambu ketu, is grown commercially and
in many home gardensin Malaysia. The treeis very hardy and can grow to abou 7-8 metres
high with charaderistic smoath, pale mottled berk that peds off in thin flakes. The fruits
vary in size, shape and flavour depending onthe variety. The better varieties are swed while
others may be astringent. On average, the fruit contains 74—-8®6 moisture, 13—-26% dry
matter, 0.5-1% ash, 0.4-0.7% fat and 0.8-1.3% protein (Chin and Yong, 1980Q. Itisrichin
ascorbic add (vitamin C), at levels far higher than most imported and locd fruits. The fruit,
in particular the pink flesh cultivar, has a fair amourt of vitamin A (beta-carotene). Some
vitamin B such as thiamin (B1), riboflavin (B2), niadn and pantothenic add are dso found
in the fruit. In addition, it also contains a fair amournt of phosphaous, cacium, iron,
potassum and sodium (Lim and Khoo, 1990.

Guava, as in many other fruits and vegetables, is aso rich in antioxidants that help to
reducetheincidence of degenerative diseases auch as arthritis, arteriosclerosis, cancer, heat
disease, inflammation and krain dysfunction. In addition, antioxidants were reported to
retard ageing (Feskanich et a., 200Q Gordon, 1996 Halli well, 1996 besides preventing or
delaying oxidative damage of lipids, proteins and nicleic adds caused by readive oxygen
spedes. Theseinclude readive freeradicds such as superoxide, hydroxyl, peroxyl, alkoxyl,
and nonradicds such as hydrogen peroxide and hypochlorous add. They scavenge radicds
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by inhibiti ng initiation and kre&king of chain readion, suppressng formation o freeradicds
by binding to the metal ions, reducing hydrogen peroxide, and quenching superoxide and
singlet oxygen (Shi et al., 200). Among the most abundant antioxidants in fruits are
payphends and ascorbic add. The polyphends, most of which are flavonads, are present
mainly in ester and glycoside forms (Fleuriet and Macheix, 2003. In the cae of guava, free
elagic add and glycosides of myricetin and apigenin are foundto be present (Misra and
Seshadri, 1968 Koo and Mohamed, 2002.

The purpase of this paper is to investigate the antioxidant content and adivities in two
varieties of locdly grown guava. For comparison, similar analyses were caried ou on
banana, dragon fruit, star fruit, sugar apple, water apple and aange. Orange is the only
imported fruit in the list.

MATERIALSAND METHODS
Samples

The two varieties of guava were a Kampuchean cultivar (Vietham GUS8) and a seedless
variety from the wet market. The fruit of the Kampuchean variety is oval and seedy with an
average length of 8-10 cm and width of 7—9cm. The weight is 300-5509. The fruit of the
seallessvariety is snall er, apple-shaped with length of 5.0-6.6cm, width of 7.0-8.8cm and
weight of 145-260 g. The other fruits for comparison are orange (Valencia, a sealless
variety from Australia), banana (Musa sapientum, mas cultivar), dragon fruit (Hylocereus
undaus, grey pulp variety), star fruit (Averhoa carambola), sugar apple (Annona
squamosa, reddish-brown and green varieties) and water apple (Syzygium aqueum).

Chemicals and I nstruments

The following chemicas were used for the following analyses. Total phend determination:
Folin-Ciocdteu’ s phend reagent (Fluka, 2N), gallic add (Fluka, 98.®%), anhydrous odium
caborete (Fluka, 99.0%). Ascorbic acid determination: potassum iodide (Hamburg, 99%),
arsenic trioxide (Fluka, 99.%%), iodine (Fisher, 99.%%), sodium hydrogen carborete (Fisher,
99.8%), sodium hydroxide (Hamburg, 98%), sulphuric and hydrochloric adds (Fisher). 1,1-
diphenyl-2-picrylhydrazyl (DPPH) scavenging eactivity: 1,1-diphenyl-2-picrylhydrazyl
(Sigma, 90%), L(+)-ascorbic add (Merck, 99.®6), methand (Mallinckrodt, 100%). Ferric
reducing pawer: iron(lll) chloride 6-hydrate (Fisher, 100%), paassum ferricyanide
(Unilab, 99%), trichloroacdic add (Fisher, 99.8%0), paassum dihydrogen phaphate
(Bendosen, 99.%%), dipotassum hydrogen phaphate (Merck, 99%). Ferrousion chelating
activity: Iron(ll) sulphate 7-hydrate (Hamburg, 99.3%), ferrozine iron reagent (Acros
Organics, 98+%).

Water used was purified by Elga deionizer and ethand for extradion was from HmbG
Chemicds (95V%).

Opticd absorbance was measured with an Anthelie Advanced 5 Secoman o GBC
Cintra 5 UV-Vis gedrophdometer. Acidity (pH) was measured with a Hanna pH211
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meter. High presaure liquid chromatography (HPLC) determination o ascorbic add was
measured with a Waers Associate (2487) instrument using a C-18 column.

Sample Preparation

Depending on the type of fruits, 10to 309 of the alible portions were ather blended for
approximately one minute to a paste, or crushed and hanogenized using a pestle and mortar.
Guava, star fruit and water apple were homogenized withou peding the skin whil e the other
four fruits were aqushed after the skin was removed. The homogenized sample was
transferred into a 100-mL volumetric flask and 5% ethanaol was added upto the mark. The
mixture was haken manually or with avibrator for 10-15min and filtered uncer suction. In
situations where thefiltrate gopeared to be very cloudy, the filt rate was centrifuged to oltain
a dea supernatant liquid, which was sibsequently used for the various analyses. All tests
were performed in tripli cates within aweek and the extrads were stored at —20°C until used.

To study the dfed of storage on total phena content (TPC) and ascorbic add content
(AAC), the freshly cut fruit was sded in a plastic bag and stored at 4°C for 4-5 days after
which it was treaed with 50% ethanal in the same way as before.

Chemical Analysis
Antioxidart Contents
a. Ascorbic aad content (AAC)

The AAC was determined by the iodine titration method (Suntornsuk et al., 2003 or the
reversed phase-HPLC method Waters C-18 column (3.9x150 mm, 5 pum particle size),
mohil e phase 5% acdic add, flow-rate 0.5 mL/min and 254 m detedion wavelength. Both
methods gave simil ar results to within 5%.

b. Tota phend content (TPC)

TPC was determined using the Folin-Ciocdteu's reggent (Singleton and Ross, 1965.
Samples (triplicate) of 0.3 mL were introduced into test tubes followed by 1.5mL of Folin-
Ciocdteu's reagent (diluted 10 times with water) and 1.2mL of sodium carborete (7.5%
wi/v). The tubes were vortexed, covered with parafilm and allowed to stand for 30 min.
Absorption at 765 rm was measured. If the sample asorbance excealded 1,the sample was
appropriately diluted to give areading of lessthan 1. Total phend contents were expressed
in gallic add equivaents (mg per 100gram fresh fruit). The gallic add standard line has the
equation y = 0.011% — 0.0148(R* = 0.9999, where y is absorbance & 765 m and x is
concentration d gallic add in mg/L.

Since acorbic add also contributes to the formation o the blue molybdenum-tungsten
complex, it isimportant to corred for the ébsorbance originating from it. An ascorbic add
cdibration curve was therefore prepared. The TPCs reported in this paper have been
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correded for ascorbic add. The cdibration equation for ascorbic add was determined to be
y=0.007X — 0.0176R? = 0.9900, where x is the mncentration o ascorbic add in mg/L.

Antioxidart Activities
a. 1,1-diphenyl-2-picrylhydrazyl (DPPH) assy

The freeradicd scavenging adivity of the fruit extrads was meeasured by the deaease in
absorbance of methandlic DPPH solution at 517 rm in the presence of the extrad (Krings
and Berger, 200)). Different dil utions of the extrad amourting to 1.0mL were added to 2.0
mL of DPPH. The initial concentration d DPPH was 0.1 mM and the realing was taken
after all owing the solution to stand for 30 min. The antioxidant adivity was expressd as:

% disappeaance = [(A contro — Asample)/A contral] X 100% where A is absorbance.

ICs0, the anourt of sample extraded into 1 mL solution recessry to deaease by 50%
the initial DPFH concentration was derived from the % disappeaance versus concentration
plot (at this paint concentration means mg of fruit extraded into 1.0 mL solution). The
results were dso expressed as ascorbic add equivalent antioxidant cgpadty (AEAC) (Leong
and Shui, 2002 using either one of the foll owing equations:

AEAC (mg AA/100g) = (Acontrol — Asample)/ (Acontral = AAA) x conc. AA (mg/mL) x vol
extrad (mL) x (100/g sample)

where AA isascorbic add, and AAA isabsorbanceof AA, or
AEAC = (ICspaay/| Csgsampie) X 10°

[Csoan) Value used was determined to be (3.72+ 0.24 x 10" mg/mL based on 18repeaed
measurements.

b. Ferric reducing antioxidant power (FRAP)

The ferric reducing power of the fruit extrads was determined by using the potassum
ferricyanideferric chloride method (Oyaizu, 198§. Different dilutions of extrads
amourting to 1 mL were alded to 2.5mL phosphate buffer (0.2 M, pH 6.6) and 2.5mL
potassum ferricyanide (1%). The mixtures were incubated at 50 °C for 20 min, after which
2.5mL trichloroacdic add (10%) was added. An aliqua of the mixture (2.5mL) was taken
and mixed with 2.5 mL water and 0.5mL 1% FeCl;. The ésorbance & 700 nm was
measured after all owing the solution to stand for 30 min. FRAP of a sample is estimated in
terms of gallic add equivalents (GAE) in mg GAE/g of fresh sample.
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c. Ferrousionchelating adivity

The ferrous ion chelating (FIC) adivity was measured by the deaease in absorbance a
562 m of the iron(ll)-ferrozine cmplex (Carter, 19721 Diniset a., 1994. One millilit er of
0.125mM FeSO,, was added to 1.0 mL sample (with dfferent dilutions), followed by 1.0
mL of 0.3125mM ferrozine. The mixture was allowed to equili brate for 10 min before
measuring the @sorbance. Sample solutions with appropriate dil utions were used as blanks
as the fruit extrads may also absorb at this wavelength. The adility of the sample to chelate
ferrous ion was cdculated relative to the control (consisting of iron and ferrozine only)
using the formula:

Chel ati ng effed % = (ACOer| - Asarnp|e)/Acontro| X 100

RESULTS AND DISCUSSION
Guava Growth

The dhange in dmension (length and width) of the fruit was measured over a period d 17
weeks as a means of monitoring its growth pattern, beginning from the formation o fruit
bud.A total of 10fruits (Kampucheavariety) from two trees were measured. The results for
two o the fruits (labeled 1and 2 are shown in Figure 1. Both length and width were
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Figure 1. Changesin length(L) and width(W) of two guava fruits during
their growth
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observed to increase in a similar manner. From week 1 to week 6, the increase was fast.
Between week 6 and 11,the increase was dower. From week 11 orwards, bath length and
width increased sharply until week 17 when the fruits turned greenish yellow and were
considered as ripe. The other eight fruits gudied also showed similar pattern of growth,
athough the exad week when the fruit underwent a rapid expansion may differ by
approximately one week. The pattern of increase was smilar to the changes in weight and
diameter during guava fruit development reported by Y usof and Mohamed (1987). Based on
these results, guava fruits used here were considered to be matured but unripe between week
1114 andripe dter week 17. Thiswill be used as the basis for classfying ripe and urnripe
guava fruitsin the next study.

Factor s Affecting Antioxidant Contents (TPC and AAC) of Guava Fruit
Effeds of Ripeness

The TPC and AAC of the ripe aad urripe guava fruits (Kampuchean variety) are
summarised in Table 1. Asthe fruit ripens, TPC deaeases but AAC increases. According to
Taylor (1993, the deaeasein pdyphenad content of guava fruit causes alossin astringency
during ripening of the fruit. The incresse in AAC as the fruit matures is due to the
breskdown of starch to glucose which is used in the biosynthesis of ascorbic add. The
DPPH scavenging adivity of the unripe guava & measured by the AEAC valueis primarily
due to its higher TPC relative to AAC. Deaease of AEAC during ripening suggests that the
antioxidant adivities of guava fruit dedined duing fruit ripening.

Table 1. Total Phenalic Content (TPC) and Ascorbic Acid Content (AAC) of Ripe (> 17
weeks old) and Unripe (11-14weeks old) Guava Fruits (KampucheaV ariety)

TPC (mg AAC AEAC % contribution o
GAE/100g) (mg/100g) (mg AA/10Qy) AEAC by AA
Unripe (n=4) 270+ 100 32+ 28 310+ 170 10
Ripe (n=8) 138+ 30 144+ 60 218+ 79 66

Effeds of Sorage

Increase in AAC was observed during storage of ripe and urripe guava (Table 2). A similar
increase was also observed in dragon fruit and water apple. The trend for TPC appeaed to
increase in urripe samples but deaease in ripe samples. However due to the small changes
observed and the limited number of samples, a definite mnclusion on TPC trend duing
storage caana be readed and more studies are required.
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The increase in AAC after storage was due to several reasons. After harvest, ascorbic
add is dill being synthesized in the living fruit tisues. It is known that fruit ripening
continues after harvest and this processleads to significant changes in the antents of the
antioxidants. Tudela @ al. (2002 observed similar ascorbic add increase infreshly cut

Table 2. Effeds of Storage on Total Phendlic Content (TPC) and
Ascorbic Acid Content (AAC) of Guava Fruits

Sample TPC (mg GAE/100g) AAC (mg/100Qg)
Before Storage  After Storage Before Storage  After Storage
1(Unripe) 235+ 4 253+ 4 29.8+ 0.1 47.2+0.3
2(Unripe) 220+10 239+ 3 63.6+ 0.7 92.4+0.7
3(Ripe) 169t 7 161+ 5 92.2+ 0.5 96.7+ 0.8
4(Ripe) 155+ 15 128+ 3 192+ 0.5 208+ 1

potatoes under the same condtions. It was explained that when stored in low temperature
and/or wounced, the respiration rates of freshly cut potatoes increased resulting in the
acamulation d glucose whichisrequired for ascorbic add hiosynthesis.

Effeds of kin Peding

Table 3 shows that the antioxidant contents are dways higher in guava fruit with intad skin
compared to fruit with the skin peded off. This result is consistent with the results reported
ealier for guava (Bashir and Abu-Goukh, 2003 Jimenez-Escrig et a., 200) and for other
fruits such as pea (Sanchez et al., 2003. It suggests that the skin of guava cntains
relatively high amourts of antioxidants sich as phenals and ascorbic adds.

Table 3. Antioxidant Contents of Peded and Non-peded Guava Fruits

Sample TPC (mg GAE/1000Q) AAC (mg/100q9)
Non-peded Peded Non-peded Peded
1 169 129 92 82
2 140 119 193 177
3 161 152 217 180
4 227 176 109 103
5 134 118 95 69

Antioxidant Properties of Guava Compared with Other Tropical Fruits

The TPC, AAC and antioxidant adivity of guava ae cmpared with a few locd fruitsin
Table 4. Both varieties of guava fruit contain relatively high quantity of antioxidants as
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shown by the high amourt of TPC and AAC rewrded. In the cae of AAC, guava can
contain as much as ten times that of other fruits sich as banana, dragon fruit, starfruit and
sugar apple. In the cae of TPC, only starfruit and sugar apple have comparable quantity of
the antioxidant. On the whale, the results suggest that guava is a hedthy fruit to consume
from the antioxidant viewpoint, and is better than the temperate fruit orange.

Table 4. The Antioxidant Content and Activiti es of Extrads from Tropicd Fruits
(Orangeisincluded for comparison)

Fruits TPC  AAC ICso A('fngc F%P

(mg GAE/100y (mg/100g) (mg/mL) AAJ1000) GAE/g)
Guava (seeded)® 138+ 3la  144+60 1.71+0.6%  218+79  2.09+0.18
Guava(sealless® 179+ 44a 132+ 46 2.110.6%,g 176+54  1.65+ 0.06
Banana (mas)® 51+ 7c 49+06 13.4:25 27.8+#55 0.18+0.06
Dragon fruit® 21+6d 8.0£1.6 27.5+3.9 13.5+2.1 0.07+0.01
Star fruit’ 131+54a 52+19 3.8+2I1gh  98+55  0.83+0.02
Sugar apple(brown)® 175+ 36a  21.3+2.1 3.9+0.4g9,h 82.1+6.9 0.62+0.10
Sugar apple(green)® 165+ 18  6.8+0.8 4.6+ 0.6h 71.4+11.8 0.58+ 0.04
Water apple’ 35+ 4e 4121 12.0+3.8 31+10  0.30+0.02
Orange’ 75+ 10b 67+9 5.4+ 1.%h 70+ 17 0.61+ 0.05

The superscript numeralsin the fruits column are the number of samples dudied.

Vaues having the same superscript within the same @lumn (TPC, IC50) are not significantly different (p=0.05).

For antioxidant adivities, this can be primary or secondary. Primary antioxidant
properties are generally measured by DPPH assay (expressed as AEAC and I1Cso ) and
FRAP. The DPFH assay measures the aility of the fruit extrad to dorete hydrogen to the
DPPH radicd resulting in bleading of the DPPH solution. The greaer the bleading adion,
the higher the antioxidant adivity (AEAC value), andthisis refleded in alower ICsq value.
FRAP on the other hand measures the aility of the extrad to dorete dedronto Fe(lll). The
higher the FRAP value, the greder is the antioxidant adivity. It isinteresting to nae that for
the range of fruits considered here, there is a linea correlation between 1/1Cso and FRAP
(Figure 2; y = 3.640& — 0.1098,R* = 0.9804. It suggests that the lower the ICs, value, the
higher the ferric reducing antioxidant power.
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Figure 2. Correlation between FRAP and YI1Cs, of different fruits

In terms of the antioxidant adivities of the fruits investigated, the two varieties of guava
have the highest AEAC and FRAP values suggesting that guava has very high primary
antioxidant adivity compared with the others. This is also confirmed by the relatively low
ICso values recorded in guava fruits. The AEAC and FRAP vaues of guava fruit are
espedally distinctive asthey can be & least afew timesthat of the other fruits.

Sewmndary antioxidant property is generally measured by the FIC adivity which
measures the dhelating ability of the extrad. The assay measures how effedive the dhemicd
compounds in the extrad can compete with ferrozine for ferrous ion. The ironferrozine
complex has maximum absorbance & 562 rm and alarge deaease in absorbanceindicaes
strong chelating power. By forming a stable iron(ll) chelate, an extrad with high chelating
power reduces the freeferrous ion concentration thus deaeasing the extent of the Fenton
readion which isimplicaed in many diseases (Halliwell and Gutteridge, 1990. The plot of
percentage chelating power versus mg fruit extrad/mL is presented in Figures 3a and 3b.
Compared to ather fruits, guava has very low chelating power. Banana has the highest,
while starfruit and water apple ae moderate. Other fruits auch as sugar apple, dragon fruit
and aange have relatively low chelating power.
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Figure 3a. Chelating power of fruit extrads of banana, star fruit, water apple and sugar apple
Note: Sugar apple (b =brown; g = green)
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Figure 3b. Chelating power of fruit extrads of dragon fruit, orange and
two varieties of guava

An interesting observation arising from the results is that guava has a potent primary
antioxidant property (measured by ICso and FRAP) but its function as a secondary or
preventive antioxidant (measured by chelating power) is wed. Primary antioxidants
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scavenge radicds to inhibit chain initiation and tkreak chain propagation. Secondary
antioxidants suppressthe formation d radicads and proted against oxidative damage. On the
other hand, though banana does not have high TPC and AAC values, it is a potent secondary
antioxidant which contains adive comporents that bind to metal ions grongly.

CONCLUSION

The present study shows that a locd fruit such as guava has a high quantity of antioxidant
such as phenals and ascorbic add. Guava dso has high primary antioxidant potential when
compared to ather locd fruits and an imported fruit such as orange. Banana though wedker
than orange & a primary antioxidant is, however, a powerful secondary antioxidant.
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