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ABSTRACT

Vitamin C is needed by the human body to improve the immune system and can be obtained from
the bell pepper. Bell pepper has a different color according to the maturity stages, ranging from green,
yellow, orange, and red. Differences in color also make possible differences in vitamin C content. The
purpose of this study was to determine vitamin C levels in various colors of bell fruit. Measurement of
vitamin C was done by the titration method with metaphosphoric acid as the vitamin C oxidizing inhibitor
and 2,6-dichloroindophenol as the standard solution. The samples used were green bell pepper, yellow bell
pepper, orange bell pepper, and red bell pepper taken from Gundaling, Berastagi, Karo, Sumatera Utara,
22152, Indonesia. The results show that vitamin C levels in various colors of bell pepper, for green bell
pepper 16.52 mg vitamin C per 100 g green bell pepper; yellow bell pepper 159.61 mg vitamin C per 100 g
yellow bell pepper; orange bell pepper 121.38 mg vitamin C per 100 g orange bell pepper; red bell pepper
81.19 mg vitamin C per 100 g red bell pepper. These results indicate that different stages of bell pepper
maturity have different vitamin C levels.
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INTRODUCTION
Indonesia is one tropical country that has a wealth of vegetables and fruits. Bell
pepper is one of the many vegetable commodities cultivated in Indonesia. Bell pepper
comes from Central and South America where many varieties of bell pepper have been
cultivated (Padrén et al., 2015). Bell pepper contains nutrients such as carbohydrates,
proteins, fats, minerals (potassium, calcium, phosphorus, and iron), and vitamins (vitamin
A, vitamin B, and vitamin C) (Nadeem et al., 2011). Vitamin C is also known as ascorbic
acid that can be found in nature almost in all plants, especially fresh vegetables, and fresh
fruits, so called fresh food vitamins (Singh and Kumari, 2015).
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Vitamin C is known as an important compound in the body, such as collagen
production, fat carrier, cholesterol regulator, and immune boosters (Pacier and
Martirosyan, 2015). Bell pepper is one of the vegetables rich in vitamin C. Vitamin C
different levels may be due to varieties, growth conditions (temperature, soil, fertilizer),
harvesting, post-harvest (storage, and processing) and maturity stages (Lee and Kader,
2000; Njoku et al., 2011). Figure 1 shows various colors of bell pepper, depending on its

maturity stages.

Figure 1. Various colors of bell pepper, depending on its maturity stages

There are several methods in determining vitamin C levels, namely: iodimetry
titration method (Bekele and Geleta, 2015; Tareen et al., 2015), 2,6-dichloroindophenol
titration method (Shrestha et al., 2016), voltammetry method (Pisoschi et al., 2008;
Pisoschi et al., 2011), spectrophotometer method (Al Majidi and Al Quburi, 2016), and
chromatography method (Gazdik et al., 2008; Trani et al., 2012). Spectrophotometric
methods and chromatographic methods require an instrument in the measurement of
vitamin C. The simplest and fastest method for vitamin C analysis is the titration method
which can also give similar analytical results to spectrophotometric method and
chromatography method (Ullah et al., 2012).

Foodstuffs were complex matrix that contains many reducing agents other than
vitamin C. The iodimetry titration method uses an iodine solution as the standard solution
and not effective for measuring vitamin C levels in foodstuffs, because iodine not selective
to vitamin C and oxidize all reducing agents besides of vitamin C. The 2,6-
dichloroindophenol titration method use 2,6-dichloroindophenol solution as the standard
solution and most widely used for determining vitamin C levels in foodstuffs, because 2,6-
dichloroindophenol selective to vitamin C (only oxidize vitamin C) and not oxidize others
reducing agents (Tantray et al., 2017).
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The different maturity stages will affect the vitamin C content contained in fruits
and vegetables (Moneruzzaman et al., 2008). Bell pepper has a different color according to
the stages of maturity, ranging from green, yellow, orange, and red (green indicates
immature, yellow and orange indicate half mature, and red indicates mature).
Determination of vitamin C in various colors of bell pepper growth in Indonesia by 2,6-
dichloroindophenol titration method has not been reported previously. The reaction

between vitamin C with 2,6-dichloroindophenol can be seen in Figure 2.
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Figure 2. Reaction between vitamin C with 2,6-dichloroindophenol

The authors are interested to determine the levels of vitamin C from bell pepper
different colors according to the stages of maturity, wherein this research, the researcher
used four different samples: green bell pepper, yellow bell pepper, orange bell pepper, and
red bell pepper. The method of determining vitamin C levels used in this study was done
by the titration method using 2,6-dichloroindophenol as the standard solution and
metaphosphoric acid as the vitamin C oxidizing inhibitor (Najwa and Azrina, 2017). The
objectives of this research are to know the difference of vitamin C levels contains in green

bell pepper, yellow bell pepper, orange bell pepper, and red bell pepper red.

METHODS

This research is descriptive research. This study aims to determine the vitamin C
levels in various colors of bell pepper, depending on the maturity stages of bell pepper.
The sample used in this study is the bell pepper growth in Gundaling, Berastagi, Karo,
Sumatera Utara, 22152, Indonesia. Average Altitude 1,375 meters above sea level,
Temperature 16 °C to 26 °C, Relative Humidity 60% to 100%, Rainfall 2200 mm to 3200
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mm, Soil pH 5 to 6, Atmospheric Pressure 1009 HPa to 1015 HPa, Wind Speed 4 KM/h to
11 KM/h.

Materials used in this research are 2,6-dichloroindophenol (Merck), methanol
(Merck), metaphosphoric acid (Merck), sodium bicarbonate (Merck), vitamin C (Merck),
and distilled water (Brataco). Tools used in this research are analytical balance
(Shimadzu), blender (Philips), volume pipette 5 mL, 10 mL (lwaki), measuring pipette 5
mL, 10 mL (lwaki), burette 10 mL, 25 mL, 50 mL (lwaki), erlenmeyer 25 mL, 50 mL
(lwaki), beaker glass 50 mL, 100 mL (lwaki), volumetric flask 50 mL, 100 mL (lwaki),
measuring glass 5 mL, 10 mL, 25 mL, 50 mL (lwaki), statif and clamp, dropping pipette,
and funnel.

Preparation of Sodium Bicarbonate Solution 0.84% (™/,)

0.84 g of sodium bicarbonate was weighed, put into a 100 mL volumetric flask,
added 50 mL of distilled water, shaken until dissolved, added distilled water to the marking
line, and homogenized the mixture.

Preparation of Metaphosphoric Acid Solution 3% (")

3 g of metaphosphoric acid was weighed, put into a 100 mL volumetric flask, added
50 mL of distilled water, shaken until dissolved, added distilled water to the marking line,
and homogenized the mixture.

Preparation of 2,6-Dichloroindophenol Solution 0.025% (")

25 mg 2,6-dichloroindophenol was weighed, put into a 100 mL volumetric flask,
added 25 mL of sodium bicarbonate solution 0.84% (™**/yolume), shaken until dissolved,
added distilled water to the marking line, and homogenized the mixture.

Determination of Equality of Vitamin C to 2,6-Dichloroindophenol Solution

50 mg of vitamin C was weighed, put into a 100 mL volumetric flask, added 50 mL
of metaphosphoric acid solution, shaken until dissolved, added the metaphosphoric acid
solution to the marking line, and homogenized the mixture. 10 mL of vitamin C solution
was pipetted, put into erlenmeyer, added 5 mL metaphosphoric acid solution, titrated with
the 2,6-dichloroindophenol solution until the steady pink color. Performed titration of the
sample as much as 6 times replications and done a blank titration. According to Hussain et

al (2016), the equality was calculated by the formula (equation 1):
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i ®
Explanation:
E = equality (mg/mL)
Va  =volume of aliquot (mL)

Wyc = weight of vitamin C (mg)

Pvc = purity of vitamin C (%)

Vve = volume of volumetric flask (mL)

Vvecr = volume of vitamin C titration (mL)

Vet = volume of blank titration (mL)
Determination of Vitamin C Levels in Bell Pepper

Samples consisting of green bell pepper, yellow bell pepper, orange bell pepper,
and red bell pepper were washed, carefully weighed 200 g of each sample, and blended
until smooth. 20 g of blended sample was weighed, put into a 100 mL volumetric flask,
added 50 mL of metaphosphoric acid solution, mixed well, and added the metaphosphoric
acid solution to the marking line, and homogenized the mixture. 10 mL of sample mixture
was pipetted, put into erlenmeyer, added 5 mL metaphosphoric acid solution, titrated with
the 2,6-dichloroindophenol solution until the steady pink color. Performed titration of the
sample as much as 6 times replications and done a blank titration. According to Horwitz

(2003), vitamin C levels were calculated by the formula (equation 2):

L= Eng—vBJii:‘;vwxmu )
Explanation:

L = levels of vitamin C (mg/100 g)

Vst =volume of sample titration (mL)

Vet = volume of blank titration (mL)

E = equality (mg/mL)
Vve = volume of volumetric flask (mL)
Va  =volume of aliquot (mL)

Ws = weight of sample (Q)
Accuracy Test and Precision Test for 2,6-Dichloroindophenol Titration Method
To prove that vitamin C in various colors of bell pepper determined by the titration
method has been valid, validation of 2,6-dichloroindophenol titration method with
accuracy and precision parameters was performed. Accuracy is done by the standard
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addition method. Vitamin C is added in the range of 50%, 100%, and 150% of the vitamin
C content contained in each sample. Performed titration of the sample as much as 6 times
replications and done a blank titration. According to Harmita (2004), the recovery

percentage was calculated by the formula (equation 3)

R= "2 3)
Explanation:

R = recovery percentage (%)

A = vitamin C levels after the addition of standard vitamin C (mg)

B = vitamin C levels before the addition of standard vitamin C (mg)

C = vitamin C levels added (mg)

DISCUSSIONS
Determination of Equality of Vitamin C to 2,6-Dichloroindophenol Solution

The initial stage of the study begins with the determination of equivalence of
vitamin C to the 2,6-dichloroindophenol solution as the standard solution. The equality (E)
(mg/mL) was calculated based on weighing data and titration data. The results of the
determination of equality of vitamin C to the 2,6-dichloroindophenol solution can be seen
in Table 1.

Table 1. Results of the determination of equality of vitamin C to 2,6-dichloroindophenol
solution

Wy Vver Vet E
Number (mg) (mL) (mL) (mg/mL)
1. 50.4 37.35 0.05 0.1351
2. 50.1 37.15 0.05 0.1350
3. 50.6 37.50 0.05 0.1350
X 151.1 112.00 0.15 0.4051
Average 504 37.33 0.05 0.1350

The scale of burette used in determination of equality of vitamin C to 2,6-
dichloroindophenol solution was 50 mL. Determination of equality of vitamin C to 2,6-
dichloroindophenol solution obtained results that 0.1350 mg of vitamin C is equivalent to 1
mL of 2,6-dichloroindophenol solution 0.025% ("/,). This equality results similar to the
theoretical equality value that 0.1350 mg of vitamin C (0,7666 pumole) is equivalent to 1
mL of 2,6-dichloroindophenol solution 0.025% (™/,) (0,7666 umole).
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Determination of Vitamin C Levels in Bell Pepper

Vitamin C titrations should be performed quickly because of many factors that lead
to oxidation of vitamin C for example in sample preparation or grinding. The vitamin C
oxidizing inhibitor used for the titration method with the 2,6-dichloroindophenol solution
as the standard solution is metaphosphoric acid, acetic acid, trichloroacetic acid, and oxalic
acid solutions to prevent oxidation of vitamin C contained in the sample before being
oxidized by the 2,6-dichloroindophenol solution. The use of the above acids is also useful
for reducing the oxidation of vitamin C by oxidative enzymes present in the plant tissue.
The acidic atmosphere of the solution will give more accurate results than the neutral
atmosphere or the alkaline atmosphere (Counsell and Hornig, 1981).

The principle of analysis of vitamin C content by 2,6-dichloroindophenol titration
method is to determine the vitamin C levels based on 2,6-dichloroindophenol reduction
reaction and vitamin C oxidation reaction in acid solution. Ascorbic acid reduces 2,6-
dichloroindophenol to the colorless solution. The titration end point is marked by the
change of color to pink under acidic conditions (Ruvini et al., 2017). Data of vitamin C
levels in various colors of bell pepper can be seen in Table 2. Graph of vitamin C levels in

various colors of bell pepper can be seen in Figure 3.

Table 2. Data of vitamin C levels in various colors of bell pepper

Vitamin C Levels in Various Colors of Bell Pepper

(mg/100 g)
Number Green Yellow Orange Red
Bell Pepper Bell Pepper Bell Pepper Bell Pepper

1 16.56 159.92 121.83 81.33

2 16.49 158.99 121.05 81.02

3 16.57 160.33 120.66 80.88

4 16.69 159.66 121.31 81.77

5 16.44 159.12 121.98 81.47

6 16.37 159.64 121.45 80.67
Minimum 16.37 158.99 120.66 80.67
Maximum 16.69 160.33 121.98 81.77
Average 16.52 159.61 121.38 81.19
Standard Deviation 0.11 0.50 0.49 0.41

Previous research on tomato showed that immature tomato contains highest vitamin
C level, half mature tomato contains lower vitamin C level than immature tomato, and
mature tomato contains a higher vitamin C level than half mature tomato. In previous
research, the vitamin C level in the tomato sample from immature to mature was decreased

and then increased (Moneruzzaman et al., 2008). The novelty of this research was in the
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bell pepper sample used in this research not been analyzed yet by the previous researcher.
The vitamin C level in bell pepper has a different trend with the tomato sample, that
immature bell pepper (green bell pepper) contains lowest vitamin C level, increased in

yellow bell pepper, decreased in orange bell pepper, and decreased in red bell pepper.

Vitamin C Level in Various Colors of Bell Pepper
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160,00 -
o5 140,00 -
120,00 -
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80,00 -

60,00 -

Vitamin C Level (mg /100
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0,00 - . . :
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Figure 3. Graph of vitamin C levels in v[:irious colors of bell pepper

Determination of vitamin C levels in bell pepper results shows that the highest
vitamin C content in yellow bell pepper and the lowest vitamin C content in a green bell
pepper. Colors in fruits and vegetables are grouped into four major groups, namely:
chlorophyll, anthocyanin, flavonoids, and carotenoids. The color change is also one of the
most prominent changes in the fruit maturity process. The color change in the fruits is a
synthesis process of a particular pigment and is one of the indicators of chemical change
(Muhammad et al., 2014). The value of vitamin C levels is done by analysis of vitamin C
level variance in green bell pepper, vitamin C level in yellow bell pepper, vitamin C level
in orange bell pepper, vitamin C level in red bell pepper, and vitamin C level in bell pepper
listed in the literature (160.00 mg per 100 g) to determine the significance of the difference
in vitamin C levels in various colors of bell pepper compared to the vitamin C level in bell
pepper shown in the literature (Mendoza et al., 2015). Data by analysis of variance of

vitamin C levels in various colors of bell pepper can be seen in Table 3.
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Table 3. Data by analysis of variance of vitamin C levels in various colors of bell pepper

Vitamin C Levels in Various Colors of Bell Paper

Sample (mg/100 g)
Subset 1 Subset 2 Subset 3 Subset 4
Green Bell Pepper 16.52%
Red Bell Pepper 81.19°
Orange Bell Pepper 121.38°
Yellow Bell Pepper 159.61°
Literature 160.00°

(A, B, C, and D) : Different letters among the groups indicate statistically significant
differences (P<0.05); Same letters among the groups indicate not statistically
significant differences (P>0.05)

The data of the statistical test show that there are significant differences between
different bell pepper colors. Vitamin C level in yellow bell pepper was not significantly
different from the vitamin C level in the bell pepper stated in the literature. Vitamin C
levels in green bell pepper, orange bell pepper, and red bell pepper were significantly
different to the vitamin C level in the bell pepper listed in the literature. Vitamin C
different levels may be due to varieties, growth conditions (climate and soil), harvesting
conditions (time), post harvest conditions (storage and processing) and maturity stages
(immature or mature) (Mateos et al., 2013; Zhigila et al., 2014).

After the harvest of fruits and vegetables, then a number of vitamins can be lost
during the storage stage, depending on temperature, exposure to air and sun, and storage
time. The higher the temperature, the longer exposed to air and sun, the longer it is stored,
the more vitamin C is lost (Ibrahim, 2016). Changes in physical properties and chemical
properties in fresh fruits and vegetables common during maturation are changes in colors
and acid levels (Tosun et al., 2008). The longer the fruits and vegetables are stored in the
open, the vitamin C levels will decrease as a result of the oxidation process. So that the
titration process during testing should be done quickly to prevent the oxidation of vitamin
C in order to provide more accurate results of vitamin C (Bieniasz et al., 2017). Factors
that also affect the analysis of vitamin C by 2,6-dichloroindophenol titration method are
varieties, temperature, light intensity, metal content, and ascorbate oxidase enzyme. The
higher the temperature, the higher the intensity of light, the higher the metal content, and
the higher the activity of the ascorbate oxidase enzyme in the analysis process the faster
the vitamin C damage due to the rapid oxidation that interferes the determination of
vitamin C levels (Lee and Kader, 2000; Njoku et al., 2011; Oyetade et al., 2012; Méndez
and Arancibia, 2015; El Ishag and Obirinakem, 2015).
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The vitamin C level in green bell pepper obtained from our research was lower than
the vitamin C level in green bell pepper obtained from previous research, that the vitamin
C level in green bell pepper was 27,62 mg / 100 g green bell pepper (Patrick et al., 2016).
This may be due to differences of plant varieties, and / or different soil condition, and/or
different climatic condition (Djokovi¢ et al., 2011). The bell pepper sample used in this
research has different climate condition with the bell pepper sample reported in previous
research.

The bell pepper used as sample in this research was growth in Berastagi, Karo,
Sumatera Utara, 22152, Indonesia, with Average Altitude 1,375 meters above sea level,
Temperature 16 °C to 26 °C, Relative Humidity 60% to 100%, Rainfall 2200 mm to 3200
mm; while bell pepper used as sample in previous research was growth in Ugbokolo,
Okpokwu, Benue State, 973, Nigeria, with Average Altitude 175 meters above sea level,
Temperature 29 °C to 34 °C, Relative Humidity 40% to 100%, Rainfall 100 mm to 200
mm. The higher altitude of certain place will the cause decrease in temperature, increase in
relative humidity, and an increase in rainfall. The higher rainfall will increase the soil
moisture, increase water uptake by the plant, but decrease the chemical compound quality
due to the high water content in the plant (Pessarakli, 2011). Differences in climatic
condition may be one of the causes of differences in vitamin C levels between this research
results to the previous research results. However, the differences may also due to another
factor, such as: plant varieties and soil condition.

Accuracy Test and Precision Test for 2,6-Dichloroindophenol Titration Method

To prove that vitamin C in various colors of bell pepper determined by the titration
method has been valid then validated the 2,6-dichloroindophenol titration method with
accuracy parameter and precision parameter. Table 4 showed the data of accuracy test and
precision test in various colors of bell pepper by 2,6-dichloroindophenol titration method.

Accuracy test results in 2,6-dichloroindophenol titration method showed that
recovery percentage was 97.30% for green bell pepper, 101.93% for yellow bell pepper,
100.23% for orange bell pepper, and 98.67% for red bell pepper. Precision test results in
2,6-dichloroindophenol titration method showed that the relative standard deviation was
1.30% for green bell pepper, 1.73% for yellow bell pepper, 1.37% for orange bell pepper,
and 1.66% for red bell pepper. The value obtained for the accuracy test meets the specified
requirements, which the recovery percentage is within the range of 95% -105% (Garcia et
al., 2011). The value obtained for precision test meets the specified requirements, which

173

Copyright © 2018, ALCHEMY Jurnal Penelitian Kimia, ISSN 1412-4092, e ISSN 2443-4183



Nerdy, ALCHEMY Jurnal Penelitian Kimia, Vol. 14(1) 2018, 164-177

the relative standard deviation is not more than 5% (Huber, 2007). These results indicate
that the method of analysis by 2,6-dichloroindophenol titration method for the
determination of vitamin C levels in various colors of bell pepper has good accuracy and

precision.

Table 4. Data of accuracy test and precision test in various colors of bell pepper by 2,6-
dichloroindophenol titration method

Recovery Percentage (%)

Number Range Green Yellow Orange Red
Bell Pepper Bell Pepper Bell Pepper Bell Pepper
1 95.54 100.26 98.22 96.58
2 96.66 99.05 98.56 97.39
3 95.89 100.79 98.93 96.16
50%
4 95.77 99.33 98.82 96.22
5 95.95 100.44 98.75 96.92
6 95.45 99.87 98.32 97.23
7 96.88 102.44 100.33 98.88
8 97.03 101.32 100.88 99.05
9 97.81 101.92 99.78 98.23
10 100% 96.95 102.21 100.65 99.02
11 97.55 101.84 100.49 98.65
12 97.47 101.39 99.87 98.47
13 98.12 104.25 102.05 100.12
14 99.27 104.37 101.76 100.35
15 98.69 103.32 101.29 101.02
150%

16 98.55 103.77 101.83 100.97
17 99.07 104.01 102.02 100.23
18 98.76 104.21 101.64 100.49
Average 97.30 101.93 100.23 98.67
Standard Deviation 0.0126 0.0176 0.0137 0.0164

Relative Standard

S 1.30 1.73 1.37 1.66
Deviation

CONCLUSIONS

Vitamin C levels in various colors of bell pepper can be determined by the titration
method with metaphosphoric acid as the vitamin C oxidizing inhibitor and 2,6-
dichloroindophenol as the standard solution. The highest level of vitamin C is found in
yellow bell pepper. The lowest level of vitamin C is found in the green bell pepper. Levels
of vitamin C contained in green bell pepper, yellow bell pepper, orange bell pepper and red
bell pepper respectively was 16,52 mg vitamin C per 100 g green bell pepper, 159,61 mg
vitamin C per 100 g yellow bell pepper, 121.38 mg vitamin C per 100 g orange bell
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pepper, and 81.19 mg vitamin C per 100 g red bell pepper. Different colors of bell pepper
have significantly different vitamin C content.
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