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ABSTRACT,
30

Objective: The purpose of this study to find out the levels of vitamin C and antioxidant activity of pineapple wet candied based on the level of
ripeness of pineapple as a funcl:inﬁood product.

Methods: This type of m was true experimental with posttest-only control research design. The determine vitamin C level method using
spectrophotometry U and the antioxidant activity testing using the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical inhibition
method. Statistical test usin e Way Anova test continued Post Hoc test.

Results: The results of the determination of vitamin C levels in pineapple wet candied with full green, half yellow and full yellow ripeness levels,
respectively, were 4.22; 17.24; 0.75 mg/gram. The results of the antioxidant activity test (IC50) on wet candied pineapple with ripeness levels of full
green, half yellow and full yellow, respectively, were 61.86; 49.98; and 72.11 mg/l, Based on the level of antioxidant intensity of each ripeness, the
levels were strong, very strong and strong. The results of the One Way Anova test on the level of rip of pineapple fruit in wet candied for
vitamin C levels and antioxidant activity both of them had a significant difference with P value = 0.000 (P<0. hich indicates that there were a
difference in antioxidant activity levels of wet candied pineapple based on the ripeness level of pineapple. The results of the Pos Hoc test showed a P
value = 0.000 (P<0.05) with the highest antioxidant activity value malf-yelluw pineapple wet candied.

Conclusion: The conclusion of this study is there are differences in vitamin C levels and antioxidant activity in pineapple wet candied based on the level
of ripeness as a functional food product. Wet candied with half yellow pineapple contains the highest vitamin C and the highest antioxidant activity.

Keywagds: Functional foods, Fruit ripeness level, Antioxidants, Vitamin C, Pineapple wet candied
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INTRODUCTION

Indonesia is a region with a tropical climate and a location in the
equator. Indonesia allows the growth of various kinds of lush plants
such as fruits and vegetables. Fru ntain various vitamins needed
by the body, one of which is vitamin @{¥itamin C acts as an
antoxidant and is effective in overcoming free radicals that damage

very abundant at harvest time, but it is not propoertional to the level of
consumption so that the selling price in the market is very cheap.
Pineapple fruit is not utlized at the dme of harvest, it is necessary to
make efforts to extend the shelf life, increase the economic value and
divegsify the product so thatit can be accepted by consumers [9].

The level of vitamin C in fruit is strongly influenced by the variety,

cells or tissues, including protecting the lens from oxidative d
caused by radiation [1].

Vitamin C is easily soluble in water; therefore when undergoing the
process of slicinbshing and boiling foods containing vitamin C
will experience a decrease in levels. The content of vitamin C in fruit
and food will be damaged due to the oxidation process by the
outside air, especially when heated. Storage is carried out at low
temperatures (in the refrigerator) and cooking that does not cause
color changes in foods containing vitamin C [2]. Vitamin C has anti-
infective properties by helping to heal diseased or damaged body
parts [3]. A person who is deficient in vitamin C is likely to reduce
the antioxidant power in his body making it easy for stress, cancer
sores, gingivitis and bone pain [4]. Vitamin C is useful for preventing
cancer sores, maintaining healthy teeth and gums, and protecting
from other diseases caused by vitamin C deficiency [5].

Pineapple is one type of fruit that is in great demand by the public.
Pineapple is elliptical in shape, the skin of the fruit is scaly. The
recommended vitamin C requirement is 30-60 mg per day, while the
average vitamin C adequacy for a family is (53.7+2.2) mg [6].
Pineapple was known as a fruit rich of the enzyme bromelain, vitamin
C, beta carotene and carotenoids. Vitamin C, beta carotene and
carotenoids are known as free radical scavenging antioxidants, so
consuming pineapple regularly can protect the body from wvarious
diseases, including cancer, coronary heart diseadld premature
aging [7]. Pineapple fruit in fresh condition only has a shelf life of 1-7 d
at a temperature of+22 °C [8]. The amount of pineapple production is

envir , place of growth, the use of various types of fertilizers
and the level of fruit maturity [10]. Classification of the level of
ripeness of pineapples based on different skin colors from green to
yellow to produce pineapples in 3 (three) categories, namely raw,
ripe, and very ripe. Green pineapple fruit is included in the raw
category, yellowish-green is included in the ripe category and full
yellow is included in the very ripe category [11].

The results of the research by Syahrumsyah et al. (2010) showed
that vitamin C levels in full green pineapple were 2.24%, half yellow
pineapple were 1.92% and full yellow pineapple fruit was 1.75%.
Raw fruits contain higher levels of vitamin C than ripe fruits. Vitamin
C levels in fruit will increase until the fruit is ripe, and will decrease
when the level of maturity has been exceeded. This decrease is due
to the level of vitamin C in ripe fruit, which will turn into glucose
[12]. Ripe fruit will increase water content, total dissolved solids,
color, aroma, fruit texture, starch and sugar, while vitamin C content
generally decreases [13].

Pineapple fruit that undergoes processing can increase shelf life and
a wider marketing reach. This processing can be an added value to
the income of pineapple farmers [14]. Pineapple fruit can be
processed into various products such as pineapple jam, lunkhead,
syrup, jelly, pineapple chips and Wet candied fruit. Processing
pineapples into various kinds of products is one of the efforts so that
pineapples are not wasted and rotten during the main harvest [10].

Wet candied is a preserved food with sugar and one form of
processed food that is much liked by the public. The taste is sweet
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mixed with a distinctive taste. The fruit used for sweets is fruit with
an old maturity level with a hard fruit texture. Wet candied can be
divided into two types, namely Wet candied and dried candied fruit
[15]. The purpose of giving sugar is to preserve sweets, give a sweet
taste, and prevent the growth of microorganisms (fungi).

One of the components of functional food that have a physiological
function for the body is an antioxidant [16]. Antioxidants are
Aslstances that are able to neutralize or reduce the negative
effects of free radicals. Free radicals are molecules that have an
unpaired electron group in an outer circle. Types of antioxidants
that can catch the free radicals include ascorbates, tocopherols,

noids, and the presence of lycopene [17]. Measurement of
antioxidant activity with The DPPH method (2,2-diphenyl-1-
picrylhydrazyl) is a simple method and using a small number of
samples in a short time [18].

Based on the background, researchers are interested to find out the
effect of pineapple ripeness on functional food of pineapple wet
ndied on vitamin Clevels and antioxidant activity.

MATERIALS AND METHODS
Plant material

The material used for the study was the pineapple fruits with three
category of ripes (Full green, half yellow and full yellow fruits). The
pineapple fruit that used in this study was confirmed as the queen
pineapple, which had the characteristics of sharp thorny leaves, oval
fruit resembling #:fine. Plant determinations result was carried out
in the Biology laboratory, Faculty of Mathematics and Natural
Sciences, Sebelas Maret University (UNS). The determination results
of the sample was 1b, 2b, 3b, 4b, 7b, 9b, 10a, Class: 57: Plants with
rosette leaves 92B, 100A, 101B, 1024, Family 23: Bromeliaceae,
Genus 1. Ananas, Species: Ananas comosus (L) Merr. (pineapple)
Variety: queen [19].

Chemical and reagent

Destilated water Kimia ARD®, Mg powder Merck®, HCl Merck®,
methanol p. a, merck®, AlCl; 10% Merck®, acetic acid 5% Merck®,
DPPH  (2,2-difenil-1-pikrilhidrazil) Sigma®,  wet candied
pineapple fruit full green, full yellow, and half yellow, ascorbic
acid powder merck®, KMnO4 merck®, and filter paper ashless
grade Cytiva®

The preparation of samples

The pineapple wet candied-making preparation is the full green, half
vellow, and full yellow Pineapple fruit was peeling off the skin.
Pineapple was cut into pieces as desired with uniform size and the
center of the pineapple is removed then each pineapple flesh is
weighed as much as 500 grams and washed with clean water.
Pineapple flesh is soaked in 1% lime water for 1 hour, then washed
with clean water and drained. Cinnamon and cloves are added to a
50% sugar solu nd brought to a boil; after boiling the pineapple
flesh slices are added to the sugar solution and brought to a boil
again. Pineapples is soaked in a sugar solution for 1 night, the longer
the soaking in the sugar solution the better the sweetness. The wet
candied pineapple is then put into a plastic standing pouch and
stored in the refrigerator.

The procedure of preparation of samples solution were
pineapple wet candied which has full green, half yellow, and full
vellow, each weighed as much as 200 g, washed thoroughly and
put into a juicer to separate the juice and pulp. Pineapple wet
candied juice was filtered using filter paper to separate the
residue a e filtrate. The filtrate was taken as much as 0.5 ml
and then put into a 10 ml volumetric flask and then aqua dest
was added to the mark. The filtrate obtained is ready to be used
as a sample solution for qualitative and quantitative tests of
vitamin C [3].

Identification of vitamin C with KMnO4

Reagent A 5 ml sample is added with 5 drops of KMnOs reagent, if
the sample is positive for vitamin C it can fade the purple color of
KMnO; and over time, the solution will turn brown [20].
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Determination of vitamin C levels

The vitamin C levels was determination with the Spectrophotometry
method. First step is the prep@ifion of 100 ppm ascorbic acid
standard solution. Ascorbic acid was weighed as much as 5 mg and
dissolved in aquadest up to 50 ml in a volumetric flask. The second
step was the determination of ascorbic acid maximum wavelength,
which scaning 10 ppm ascorbic acid in the range of 250-290 nm. The
maximum wavelength was used for scaning the ascorbic acid
Calibration Curve. The standard curve of ascorbic acid was obtained
by diluting the standard sol prepared and then taken as much
as 0.4; 0.6; 0.8; 1 and 1.2 ml then put into a 10 ml volumetric flask
and add aquadest to the limit mark to get a concentration of 4; 6; 8;
10 and 12 ppm. Each concentration was measured for absorbance at
the maximum wavelength that had been obtained, then a calibration
curve and linear equation were made for quantitative tests of
samples containing vitamin C. The equation was used for the
quantification of vitamin C levels in pineapple wet candied. The
sample solution was put into a cu the cuvette was inserted into
a UV-Vis spectrophotometer and its absorbance was measured at
the maximum wavelength. The absorbance value obtained is entered
into the calibration curve equation ¥ = bx+a so that the x value or
vitamin C concentration in the sample can be calculated. The
concentratdon obtained is then entered in the following formula
(Equartion 1) [21]:

consentration of vilamin € in sample

% vitamin C = x 100 % ...... (Eq.1)

consentrationsample
Determination of vitamin C levels was replicated 3 times [22].
Antioxidant activity test DPPH method

The antioxidant activity test of pineapple wet candied using the
DPPH method [23]. The wet calb pineapple test solution was
made in various concentrations of 8 g/ml, 16 g/2 g/ml, 64 g/ml,
and 128 g/ml. Each concentration was pipetted 1 ml into a test tube,
added 1 ml of DPPH solution andladded with 2 ml of methanol.
Shaken until h g s, then incubated at 37 °C for 3t8in, the
absorbance was measured at a wavelength of 507 nm (maximum
wavelength of DPPH). As a comparison, vitamin C was used.
Calculation of DPPH radical immersion using the Equation 2:

% Inhibition= Cnntrulahsurhantiun—sampalahsnrhantinnxloo%

.. [Eq.2)

Control absorbantion

RESULTS AND DISCUSSION
The characteristic of pineapple wet candied

Making wet candied from the three types of ripe pineapple fruit
produces almost the same organoleptic characteristics. organoleptic
test results are presented in the following table 1 and fig. 1.

Identification of vitamin C with KMnO,

The results of the identification of pineapple wet candied fruit of full
green, half yellow, and full yellow pineapple wet candied showed
positive results, indicated by the change purple color of KMnOs
turning brown (table 2).

Fig. 1: Pineapple wet candied making result
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Table 1: Characteristic of vitamin C in pineapple wet candied

Ripeness levels Flavours Colors aroma Texture
Full green sweet, slightly sour light yellow Pineapple aroma crunchy
Half yellow sweet, slightly sour light yellow Pineapple aroma crunchy
Full Yellow sweet, slightly sour yellow Pineapple aroma crunchy
Table 2: ldentjfigation of vitamin C in pineapple Wet candied with KMNO,
Subject Indication test sult Interpretation
Ascorbicacid The purple color of KMnO4  The purple color of KMn04 disappears and becomes brown +

Destilated water disappears and becomes

Full green pineapple wet candied brown a

Half yellow pineapple wet candied
Full yellow pineapple wet candied

YAe purple color of KMnO4 was stay -
e purple color of KMnO4 disappears and becomes brown +
e purple color of KMnO4 disappears and becomes brown +
The purple color of KMnO4 disappears and becomes brown +

Note: (+) = contains vitamin C, { = does not contain vitamin C

Identification of vitamin C with KMnO, rea occurred reduction
and oxidation (redox) reactions. Vitamin C acts as a reducing agent,
which is oxidized, while KMnO; acts as an oxidizing agent, which is
reduced. Vitamin C can reduce permanganate ions because
permanganate can be reduced in an acidic environment to
manganese ions, while vitamin C is oxidized by permanganate ions
because it has the potential to release H+ions into dehydroascorbic
acid. lon permanganate accepts electron ions that escape from
vitamin C so the purple color of KMnO4 disappears [24]. The
addidon of potassium permanganate reagent to pineapple wet
candied results in a changing color of KMnO4 from purple to brown
which indicates the formation of manganese ions (Mn2*). The
reaction mechanism of vitamin C compounds with KMn04 reagent
can be seen bellow:

SCr,HnOswllOf-tﬁH’ = 5CsHs07+2 Mn*++3 H20
Determination of vitamin C levels
Determination of vitamin C levels in pineapple wet candied was
carried out using the UV-Vis spectrophotometry method because
ascorbic acid is a compound that have chromophore and
auxochrome groups in its structure so that it can be detected by UV
detectors and provides absorption at UV wavelengths, in addition to
UV spectrop hotometry methods. UV-Vis has the advantages of being
fast easy, has a low detection limit and has a high level of accuracy
and preci [25]. In this research, the maximum wavelength is
searched; the maximum length is the w gth that gives the
largest absorption and is the same in each concentration. The
maximum wavelength of a compound can be different if it is
determined under different conditions and tools, so before
determining the concentration, the maximum wavelength of
ascorbic acid is determined. Determination of the maximum
wavelength in this study was carried out by measuring the
absorbance value of 10 ppm ascorbic acid solution in the wavelength
range of 250-290 nm. The results of the absorbance measurement of
10 ppm ascorbic acid obtained the highest absorbance value at a
wavelength of 266 nm with an absorbance value of 0.676.

Vitamin C Ievelsa samples of pineapple wet candied can be
determined using a calibration curve by measuring the absorbance
of the sample and then calculated using a linear regression
equation. The regression equation (fig. 2) generated from the
calibration curve is ¥ = 0.0588x+0.088 and the correlation

wﬁcient (R*) is 0.9985.

Based on the research results, it is known that the calibration curve
obtained is linear because the value (R*) is close to 1, the correlation
coefficient is used to determine the linearity of an analytical method.
The correlation coefficient value close to 1 indicates the relationship
between absorbance and concentration has a linear correlation
where all points lie on a straight line [26]. Determination of vitamin
C levels in candied pineapple fruit (table 3) was ca out using the
UV-Vis spectrophotometry method, whose absorbance was
measured at a wavelength of 266 nm.

0.9
0.8 y=0.0588x+0.088 @

0.7 R? = 0,9985 .-
Absor ..-;

0s bance

0.4 =
0.3 L
02

0.1

."..-

0 5 10 15
Concentration (ppm)

Fig. 2: The calibration curve of vitamin C

Table 3: Calculation results of vitamin C levels in wet candied
pineapple

Subject Levels averagexSD
(mg/gram)

Full green pineapple wet candied 4220171
Half yellow pineapple wet candied 17.24£0.189
Full yellow pineapple wet candied 0.75£0.047

Note: The data were presented in mean+5D, n=3

The results of the calculation of the average vitamin C content of wet
candied pineapple+SD value obtained indicate that the method used
has a high precision value. The precision criterion is determined based
on the value of the resulting standard deviation is small and close to
zero, the smaller the SD value indicates, the more precise the resulting
data [27]. According to Putri and Setiawati (2015) the recommended
ADI (Nutritonal Adequacy Rate) of vitamin C is 30-60 mg per day,
while in22000 mg of half yellow pineapple wet candied it has been
e to suitable the AD, this is due to the processing process.

Based on the results of this study, it can be seen that half yellow

ineapple wet candied has the highest average of vitamin C content,
hnpared the candied full green, and full yellow pineapple candied.
Based on the results of this study, it can be seen that vitamin Clevels
are influenced by the level of maturity, vitamin C levels in fruit will
increase until the fruit is half ripe, and will decrease when the level
of maturity overs, this is because vitamin C levels in overripe fruit
will turns into glucose. Ripe fruit will increase water content, total
dissolved solids, color, aroma, fruit texture, starch and sugar, while
vitamin C content generally decreases [13].

Antioxidant activity test DPPH method

The antioxidant activity test of wet candied fruit with variations in
the level of fruit maturity was carried out using the DPPH method
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principle (table 4). Thep.rinciple of measuring antioxidant activity
using the DPPH reagent method is a chan the intensity of the
purple color of DPPH, which is comparable with the concentration of
the DPPH solution. DPPH free radicals which have unpaired
electrons will give a purple color. Color will change turns yellow
when the eleéms are paired. The change in intensity of this purple
color occurs due to the reduction of free radicals produced by the
reaction DPPH molecule with a hydrogen atom. The hydrogen atom
released by sample compdgslid molecules to form 2,2-diphenyl-1-
picrylhydrazine and causes DPPH color decay from purple to yellow.
This color change will give a change in absorbance at length the
maximum waveform of DPPH when measured using UV-Vis
spectrophotometry [28].

80
0
61,86
60
49.98
~ 5
3 50
il
=
=40
=
W,
=30
20
10
0
Full zreen Half yellow
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Table 4: ICso value of antioxidant activity test

The levels of ripeness Average£SD of ICsy (mg/1), n=3

Full green 61,86%0,75
Half yellow 49,98+0,85
Full yellow 72,1120,69
Vitamin C 12,09+0,033

Note: The data were presented in mean+5D, n=3

Based on the antioxidant activity test on candied pineapple with various
levels of ripeness of full green, half yellow, and full yellow, respectively,
the average [Cso value was 61,86; 49,98 and 72,11 mg/1 (fig. 3).

7211
I 12.09

Full yellow Vitamin C

Thelevels of vipeness

Fig. 3: Antioxidant activity test result, Note: The data were presented in mean+SD, n=3

43

Based on the [Cso value, it g be categorized as the potential
antioxidant activity of pineapple wet candied with various levels of
ripeness full green, half yellow and full yellow, the potential value
respectively strong, very strong, and strong. The result of antioxidant
activity can be influenced by the vitamin C content of each pineapple
wet candied. The antioxidant activity of the three ripe pineapples on
wet can@22) fruit was significantly different p value<0,05 (asym.
sig=0,00. Based on the statistical test results, the antioxidant activity of
vitamin C was significanty different (p value<0,05).

Vitamin C was a very strong antioxidant compound because it had a
small ICsp value, which is 12,09 g/ml value is less than 50).
Vitamin C have four hydrua groups. Vitamin C can react directly
with the hydroxyl anion donating one electron to form a
semihydroahrbate compound which is not reactive and then
undergoes a disproportionation reaction to form an unstable
dehydroascorbate. Dehydroascorbate will be degraded to form
oxalic acid and threonic acid. Vitamin C is a polar compound, the
higher the concentration of vitamin C, the more abundant hydroxyl
groups and the intensity of antioxidant activity increases [29].

CONCLUSION .
17

The conclusion of this study is there are differences in vitamin C
levels and antioxidant activity in pineapple wet candied based on
the level of ripeness as a functional food product. Wet candied with
half yellow pineapple contains the highest vitamin C and the highest
antioxidant activity.
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