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ABSTRACT

The aim of the study was to develop fruit juice concentrate from Citron and its kinetic evaluation during storage at 10 °C, 25 °C and 40
°C respectively, for 12" week. The effect of different temperatures on the quality of the juice concentrate was also investigated. The
concentration of ascorbic acid in the juice concentrate was monitored after every week of storage. The results showed that degradation
kinetics of ascorbic acid during storage was followed by the first-order kinetics. The degradation rates of ascorbic acid during storage at
10 ° C, 25 °C and 40 °C were obtained as 2.27 + 0.24, 2.46 + 0.31 and 2.56 + 0.34 1/week respectively. The higher degradation rate
was observed at 40 °C storage temperature. Temperature-dependent rate constants of ascorbic acid of citron juice concentrate was
obeyed the Arrhenius relationship with higher R? values as 0.96. Total antioxidant degradation was also high at higher storage
temperatures. The amount of total phenolic content was decreasing at the first few weeks of storage, but later period of storage it was in
gradually increasing trend. The storage study demonsrated that ascorbic acid, total polyphenol and antioxidant activity were not
degraded at lower temperature after 12" week.
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INTRODUCTION

Citrus fruits are native to Southeast Asia. The purest citrus species are Citron
(Citrus medica), Mandarin (Citrus reticulata) and Pomelo (Citrus maxima)
(Luro et al., 2012). Citrus medica is the botanical name of citron under the
family of Rutaceae (Hamdan et al., 2011). The shape of the citron is generally
ovate or oblong with a stylar end. Around 9-30 cm long fruits having maximum
weight 400-500g are rough or plane in the outside. The fully ripe fruits become
yellow. The fleshy fruits contain albedo inner side, and pulp are pale-yellow or
greenish having 14-15 segments, less juice content, acidic or sour taste. Fruits
also contain mono-embryonic seeds. There are three most common cultivars of
citrons are ‘Corsican’, ‘Diamante’ and ‘Etrog.” Among them, Corsican is grown
higher in US, Diamante higher in Italy and Etrog higher in Israel. The Florentine,
Diamante, Greek and Balady citrons are acidic while the Corsican and Moroccan
citrons are sweet in nature and citron contains the major major bioactive
compounds present are iso-limonene, citral, limonene, phenolics, flavonones,
vitamin C, pectin, linalool, decanal, and nonanal, accounting for several health
benefits (Chhikara et al., 2018). Citron is also one of the typical local fruits in
the Sylhet region of Bangladesh. The main time for harvesting of citron is the
mid-late July to mid-September or mid-October. During November and
December, some fruits are also harvested (Klein et al., 2014).

A variety of chemicals were present in citron. Peel contains alkaloids, flavonoids,
steroids phenols, and carbohydrates (Panara et al., 2012) and pulp contains
flavonoids, glycosides and ascorbic acid (Arias et al., 2005). Citron also
contains phenols, vitamin E, beta-carotene and lipotene (Panara et al., 2012).
Among these antioxidants, ascorbic acid is an important one. Citrons have a lot
of medicinal benefits. It can be used as a poison antidote. To avoid sea sickness,
pulmonary troubles and intestinal aliments citron is used from ancient time.
Citrus medica varieties are mainly used in food preservation and have excellent
medicinal properties. Metabolic activities in fresh fruit do not stop during
storage. As a result, the antioxidant quantities of the fruits degrades. Antioxidant
quantities were also reduced due to the thermal effect during the processing of
juice (Wilhelmina Kalt et al., 1999). Ascorbic acid one of the important natural
antioxidants (Tiwari et al., 2009). The degradation of ascorbic acid in any
product mainly depends on storage time and temperature, the expose of oxygen
and light in the product. That’s why it is important to maintain a standard
procedure and temperature for processing and storage of citron juice to provide
maximum ascorbic acid content in citron fruit product when consumer uptake
this.
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Therefore, it is important to develop and use low-level appropriate technology for
the processing and preservation of processed Citrus medica products. The aim of
our study was to produce fruit juice concentrate from three cultivars of citron
(Balady, Diamonte, and Corsican), to find out the kinetics of Ascorbic acid
degradation of citron juice concentrate during storage at three different
temperatures (10 °C, 25 °C and 40 °C) and to find out the effect of storage
temperature and time on the antioxidant and total phenolic content of the juice
concentrate.

MATERIALS AND METHODS
Raw materials

The fresh matured Balady, Corsican and Diamante citron were collected from a
local garden in Sylhet, Bangladesh. Five fruits of each cultivar were collected,
and the average weights of them were 400gm - 450gm. All fruits were mature but
not fully ripened. The image of the citron fruits cultivars, as presented in Fig. 1.

Sample Preparation

Fruits were first washed properly with clean distilled water. The peel of the citron
was removed by the steel cutter. Then the white albedo and pulps were sliced into
pieces and seeds were removed. The cross-sections of the fruits are shown in Fig.
2. The fruit juices were extracted by laboratory mixture blender (MJ-M176P,
Japan). The juice was then filtered and transferred into several test bottles and
stored in the freezer at -30 °C temperature for further analysis.
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a) Balady b) Corsican c) Diamante
Figure 1 Citrus medica respectively Balady, Corsican and Diamant

77

ASLARRRNNNNY

c) Diamante
Figure 2 Cross section of the citrons respectively Balady, Corsican and
Diamante variety

Processing of citron juice concentrate

For making mix fruit juice concentrate, the equal amount of juice of three
cultivars was mixed properly to get 1000 mL of juice. Sugar syrup is one of the
most important elements of juice concentrate was made by mixing sugar with
clean distilled water in the ratio of 1:2 (sugar : water). The sugar-water mixture
was continuously stirred and heat was applied on it until all the sugar was mixed
with water. A very small amount of citric acid was added to clarify the syrup
(Singh et al., 2015). After that, the syrup was cooled at room temperature 25 °C
and filtered to remove the unwanted foreign materials from the syrup. Then the
fruit juice was mixed with that filtered sugar syrup rightly and final Brix was kept
at 45 °Brix. The juice concentrates were kept in several sterilized and air-tight
glass bottles.

Storage study

The samples were divided into three groups and stored for twelve weeks at three
different temperatures: 10 °C, 25 °C and 40 °C respectively. The storage
evaluation were carried out every week.

Determination of total soluble solids and pH value

Total soluble solid was determined as °Brix by using a Hand refractometer
(ATAGO 9099, Japan). pH of the juice was determined by using digital pH meter
(Microprocessor- based pH/mV/°C Bench meter, MN 2211, USA).

Determination of total acidity

The total acidity of the juice was measured according to Patil et al., (2013). 1 ml
of juice was dissolved in 20 ml distilled water. Two drops of Phenolphthalein
were added to the mixture. The mixture was then titrated with standardized
NaOH(0.1 M) and the end point was determined by the pink color of the mixture.
Following equation was used for the calculation,

0.1M NaOHxvolume of NaOH(in liter)x0.064
wt.of the sample

Total acidity (%) = % 100. 1)

Determination of ascorbic acid content
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The ascorbic acid of citron juice concentrate was determined according to the
method described by Ranganna (1986) and which was based on the reduction of
2,6-dicholorophenol indophenols by ascorbic acid and based on the reduction of
dehydroascorbic acid with 2,4-dinitrophenylhydrazine. The ascorbic acid content
of the citron juice concentrate expressed as mg/100 g.

Extract preparation

The extract of the citron juice concentrates was prepared according to the
method described by Islam et al. (2017) and Monalisa, et al. (2019) with slight
modifications. We extracted the fruit juice concentrated using 80 % acetone with
a ratio of 1:10 (sample : solvent) and a shaking incubator (SI-100, Korea) was
used to incubate the mixture at 20 °C for 90 min. Then the crude extract was
centrifuged in a centrifuge machine (Gyrozen Benchtop Centrifuge machine,
416G, Korea) at 3,000 rpm for 15 min.

Determination of total phenolic Content

Folin-Ciocalteau assay was used to determine the total phenolic content in the
sample extracts  (Monalisa & Islam, 2020; Vijaya Kumar Reddy,
Sreeramulu, & Raghunath, 2010). The analysis was done by taking 20 x 1073
ml of extract in separate test tubes. Then 1.58 ml distilled water and 0.1 ml of
Folin-Ciocalteau reagent added in each test tubes. The mixture mixed well and
within 8 min 0.3 ml of sodium carbonate solution was added in each. Then
immediately, the test tubes were vortexed (VM-2000, Taiwan) and incubated for
30 min at 40 °C in the dark place. At 765 nm wavelength the absorbance was
measured in a UV-Vis spectrophotometer (T60U, United kingdom). The results
were expressed in mg Gallic acid equivalent (mgGAE/g). The standard gallic
acid curve was used for getting the equation of total phenol determination.

Determination of DPPH Activity

Radical scavenging activity of the sample extracts was measured by determining
the inhibition rate of DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical (Brand-
Williams, Cuvelier, & Berset, 1995). Here, 0.1ml of extracts was added to 1.4
ml DPPH radical methanolic solution (0.1Mm). Then the mixture was placed in a
dark place for 30 minutes. A blank solution was made by 0.1 ml methanol in 1.4
ml of DPPH radical solution. The absorbance was measured at 517nm
wavelength using a UV-Vis Spectrophotometer (T60U, United kingdom). The
results were expressed in terms of radical scavenging activity using the following
equation.

Radical scavenging activity (%) = % %100 )
Where A, is the absorbance of control blank, and A, is the absorbance of sample
extract.

Degradation kinetics modeling

The loss of ascorbic acid in citron juice concentrate was measured by using first-
order reaction equation given below (Burdurlu, Koca, & Karadeniz, 2006).

InC=In C,- kt ?3)

where C, the concentration of ascorbic acid at time t; C,, the concentration of
ascorbic acid at time zero; k, the first-order rate constant; t, the storage time
(week).

The time at which the amount of ascorbic acid decreased to half of its initial
value refers half time. The following equation was used for half time calculation
(Burdurlu et al., 2006).

In2
tp =+ 4

Temperature reliance on ascorbic acid degradation was ascertained by using the
Avrrhenius equation.

-E,
k=kpe /R ©)

k = rate constant; k,= pre-exponential factor; E, = activation energy (kj mol™1);
R = gas constant (8.3145 jmol~'k ™! ); T = absolute temperature in k (Burdurlu et
al., 2006).

Substituting k from (3) to (1), we get,

= kye e (6)

The time required to decrease the concentration of ascorbic acid 90 % is known
as the decimal reduction time (D value). There is an inverse relationship between
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the first-order rate constant k and decimal reduction time D and that’s why
equation (1) can be written as,

InCy-InC= = )

Using the equations (4) and (7), the decimal reduction time D can be described as
D =2.203/k (©)

Statistical analysis

The measurements were carried out in triplicates and were presented at a mean +
standard deviation. Statistical analysis was carried out by one-way analysis of
variance with Origin pro 8.0 statistical software. The statistically significant
difference among the values was determined by considering the probability
values of p < 0.05.

RESULTS AND DISCUSSION
Physicochemical properties of citron juice concentrate

All three types of citron juice were used in equal proportion for the formulation
of juice concentrates. The physicochemical properties of the citron juice
concentrate are presented in Table 1. In the present study, the total soluble solids
(TSS) content of citron juice concentrate was found at the initial stage of 45.00 +
0.20 °Brix. While studying with lime fruit juice concentrate (squash) Wahab et
al., (2018) found that the average TSS value was 53.00 ©Brix. The TSS of citron
juice concentrate was lower than that of lime fruit juice concentrate.

Again pH and total acidity of the citron juice concentrate was found 3.42 + 0.03
and 1.60 + 0.01 %, respectively. The pH and total acidity of lime fruit juice
concentrate(squash) was 3.63 and 1.03 described by Wahab et al., (2018).
Sharma et al., (2004) found that the titratable acidity of lemon juice concentrate
was 5.40 + 0.08 %. The pH value of citron juice concentrate was lower to that of
lime fruit juice concentrate and total acidity was moderately higher than that lime
fruit juice concentrate but lower than lemon juice concentrate.

Table 1 Physico-chemical characteristics of citron juice concentrate
Parameters Amount

TSS (°Brix) 45.00 + 0.20
pH 3.42+0.03

Total acidity (%) 1.60 +0.01

Vitamin C (mg/100 g) 18.49 £0.52
DPPH scavenging activity (%) 72.00 +0.82
Total phenolic content (mgGAE/g) 309.08 + 3.06

*Values are means =+ standard deviation (n=3).
Bioactive compounds

The bioactive compounds of juice concentrate such as ascorbic acid, total
phenolic contents and DPPH scavenging activity are presented in Table 1.
Ascorbic acid is the most important heat sensitive antioxidant in citrus fruit juices
(Babashahi-Kouhanestani, Salehi, Mazloomi, & Almasi-Hashyani, 2014).
Ascorbic acid is the natural antioxidants, which is easily degraded during heat
treatment and if a compound contains higher ascorbic acid, its shows the higher
antioxidant potentiality. The citron juice concentrates contained the ascorbic acid
contents of 18.49 + 0.52 mg/100 g. This ascorbic acid content of citron juice
concentrate was much lower than the fresh ripe fruit juice of C. aurantium (24.90
mg/100 g) reported by Rekha et al., (2012). According to the previous study, the
ascorbic acid content of ripe fruit juice of C. aurantium, C. sinensis, C. limon,
Citrus macroptera, and C. reticulate were 24.90, 17.40, 10.60, 210.43 and 06.34
mg/100 g (M. Z. Islam et. al., 2015; Rekha et al., 2012). However, the ascorbic
acid content of lime squash was about 23.28 mg/100 g that was higher than the
citron juice concentrates (Wahab et al., 2018). Citrus is the important sources of
major groups of antioxidants such as phenolic, flavonoid, ascorbic acid and
vitamin E. The phenolics presents in fruit and vegetables have received
considerable attentions due to their antioxidant activity. The phenolic content as
total polyphenol was determined by Folin-Ciocalteu reagent and expressed
equivalent to gallic acid. The citron juice concentrate contained the total phenolic
content of 309.08 + 3.06 mgGAE/g. The phenolic content was much higher than
the Citrus unshiu (92.30 mgGAE/100 mL)(M. Z. Islam et al., 2017) and lower
than the Citrus macroptera of 22.76 mgGAE/g (M. Z. Islam et. al., 2015).
According to Costa et al., (2012) the total phenolic content of the mixed juice
concentrate of Pomegranate, Grape, and Carrot was 133.00 + 0.0 mgGAE/g. Irkin
et al., (2015) found that total phenolic content of Grapefruit juice, Mandarin
juice, Lemon juice, Orange juice were 657.65 + 69.20, 636.73 + 68.74, 579.41
+ 91.14, 523.44 + 87.20 mgGAE/g. These reported results exhibited the lower
total phenolic contents than the the citron juice concentrate.

The antioxidant activity of citron juice concentrate evaluated by DPPH
scavenging activity. DPPH is a commercial oxidizing radical which can be
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reduced by samples antioxidants. During scavenging activity, DPPH reduced to
pale yellow color from violet color because of the abstractions of a hydrogen
atom from antioxidant compounds. Higher the DPPH reactions in the extract
represent the most antioxidant potential. Similarly, a higher scavenging activity
of samples means the higher reductions of DPPH (Blois, 1958). The DPPH
scavenging activity of citron juice concentrate was found as 72.00 + 0.82 %. The
higher DPPH results reported by Jeremi¢ et al., (2012), who were mentioned that
citron pulp exhibited the DPPH scavenging activity of 78.48%. This may be due
the effects of several factors i.e. different spices, environment and soil conditions
or different maturity level. The commercial raspberry concentrated juice (40%)
contained DPPH scavenging activity of 61.90 + 1.70 % (Costa et al., 2012).
Smilarly Citrus unshiu also exhibited the lower DPPH schavenging activity
(62.13%) than the citron juice concentrate (M. Z. Islam et al., 2017).

Degradation kinetics of ascorbic acid

The degradation kinetics of ascorbic acid was calculated based on the ascorbic
acid concentration in citron juice concentrate. Initially, the concentration of
ascorbic acid was about 18.49 mg/100g. After one week of the storage, the
ascorbic acid content of the juice concentrates was decreased to about 15.78,
14.23 and 13.2 mg/100g at 10 °C, 25 °C and 40 °C respectively. Burdurlu et al.
(2006) and Vikram, Ramesh, & Prapulla (2005) stated that when the juice
concentrate stored below 50 °C the degradation ascorbic acid follow first-order
reaction kinetics. In the current study, the first-order reaction kinetics model was
also used to study the degradation of ascorbic acid during the storage period. The
first-order reaction kinetics “k™ along with standard error reported in Table 2.
From the Table-2, the value of R? were 0.93, 0.93 and 0.89 at 10 °C, 25 °C and
40 °C respectively, which indicated that the degradation follows the first-order
reaction kinetics. Rate constant k prevailed with (1/week) unit. The rate of
ascorbic acid degradation was higher in the initial weeks. According to Polydera
et al., (2003) free oxygen present in the juice concentrate might cause it. All the
values such as half Iife-(t1/2), rate constant (k), R?, decimal reduction time (D)

and activation energy (E,) were shown in Table 2.

From Table-2, the rate constant values were 2.27 +0.24, 2.46 +0.31 and
2.56 +0.34 1/week respectively in 10 °C, 25 °C and 40 °C storage temperature.
With these results, we got that the degradation of ascorbic acid was higher at
higher storage temperatures.

Here, t1, means the half time which was decreased with the increase of

temperature. This result was similar to the work of Burdurlu et al., (2006). The
lower D value at 40 °C indicates higher degradation of ascorbic acid. A similar
result was obtained by Uddin, Hawlader, Ding, & Mujumdar (2002) for the
storage of guava juice at different temperatures. Activation energies were
calculated based on Arrhenius plots for the degradation of ascorbic acid in the
juice concentrate and shown in Fig. 4. The activation energy values were not
comparable to literature values reported by several authors. Sapei & Hwa (2014)
stated that the activation energy of ascorbic acid degradation were estimated to be
1.65 kcal/ mol and 1.90 kcal/ mol for the fresh strawberry juices prepared without
and with sugar, respectively. Here, activation energy was quite lower. Higher
degradation of ascorbic acid at 40 °C temperature indicated that the degradation
of ascorbic acid is more dependent on temperature and less dependent on sample
other characters. Tiwari et al., (2009) also described orange juice ascorbic acid
content decreased higher because of high storage temperature which was similar
to the present study.

Table 2 Activation energy, half-life, rate constant and decimal reduction time for
ascorbic acid degradation

Time of half destruction, D-value and Activation
Storage determination coefficients of first-order energy
Eemperature reaction kinetics E,
¢ tiy (week)  k(1/week) ~R>  D(week) (kJ/mol)
031+ 227+ 1.02 £
10 0.03: 024= %9 gqpe
028 + 2.46 095+
25 0.040 031« %% g1 20954001
027+ 2.56 = 091 =
40 0.040 034 %89 g1

*Values are means standard deviation(n=3). Values in a column with different
letter superscripts differ significantly at p < 0.05.
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Figure 4 Arrhenius plot for ascorbic acid degradation for citron juice concentrate
Changes in antioxidant activity

The antioxidant activity of the juice concentrate was measured by using DPPH
radical scavenging method. After one week of the storage, the DPPH scavenging
activity was measured and found 65.76 + 4.39, 60.35 + 5.00 and 56.29 + 5.14 %
scavenging activity at three storage temperature 10 °C, 25 °C and 40 °C
respectively. During storage period, the antioxidant activity was in descending
order. The relationship among antioxidant activity, storage temperature and
storage time were shown in the Fig. 5. With the increase of storage temperature
the DPPH scavenging activity of the juice concentrates were decreased. Along
with storage temperature, longer storage time also decreased DPPH scavenging
activity of the juice concentrates. At 12" week of the study, the values of DPPH
scavenging activity at 10 °C, 25 °C and 40 °C storage temperature were 32.15 +
0.95, 30.86 + 0.31 and 25.35 + 0.50 % respectively. The reduction percentage of
the antioxidant activity was higher at 40 °C storage temperature and it was
64.79% whereas at 10 °C storage temperature, it was 55.35%. Kim et al., (2018),
also found the antioxidant activity was decreased with higher storage temperature
and longer storage time while studying with the kiwi puree. That’s why storage
temperature of citron juice concentrate should be lowered to avoid loss of
antioxidant activity.

m10°C m250C m400°C

ab
c

Scavenging activity (%)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
Storage time (week)

Figure 5 Changes in DPPH scavenging activity during storage at different
temperature for juice concentrate
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Changes in total phenolic content

The total phenolic content of the juice concentrate stored at three different
storage temperatures was measured every week throughout the storage period.
The relationship among total phenolic content, storage temperature and storage
time were shown in Fig. 6. The total phenolic content of the juice concentrate
after the first week was found to be 267.42 + 2.57, 272.25 + 3.28 and 285.25 +
3.06 mgGAE/g at 10 °C, 25 °C and 40 °C temperature. Total phenolic content
was gradually reduced at the first stage of storage, but it began to increase at each
storage temperature after third weeks. Finally, at 12 week of the storage period
the total phenolic content of the juice concentrate were 540.04 + 2.75, 652.42 +
2.02 and 685.58 + 3.51 mgGAE/g at 10 °C, 25 °C and 40 °C storage temperature
respectively. Here the total phenolic content of the citron juice concentrate was
increased with storage time and temperature. This phenomenon may be because
higher temperature conditions trigger Maillard reactions producing Maillard
products, which can act as antioxidants and can enhance their activity at the
beginning of storage (Nicoli, Anese, Parpinel, Franceschi, & Lerici, 1997).
However, Kim et al., (2018) described that total phenolic content was decreased
with the increase of storage temperature and time. The variation in the present
study may occur due to the non-enzymatic browning reactions which result in the
increment of polyphenol content in the juice concentrate. It is necessary to
control enzymatic and non-enzymatic reaction to limit the total phenolic content
in the juice concentrate during processing and storage period.

H10°C m250C m40°C
800 -

pd bl b2

Total phenolic content (mg

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th
Storage time (week)

Figure 6 Changes in total phenolic content during storage at different
temperature for juice concentrate

CONCLUSION

The present study concluded that Citron juice concentrate exhibited the higher
greater amount of ascorbic acid, total phenolic compounds than than the other
citrus fruit. Degradation kinetics of ascorbic acid content of citron juice
concentrate at each and every storage temperature was followed first-order
reaction. The present study showed that at a higher temperature (40 °C) rate of
degradation of ascorbic acid was higher. The degradation of antioxidant activity
of the juice concentrate was quite low at lower storage temperature. However, the
change of the total phenolic contents was quite different. It was increased with
storage time and temperature. Therefore, the findings of the current study suggest
that the value added product could be processed from indigenous citron juice
with higher functional compounds. Upscaling and validation are needed for the
developed technologies before recommendation and transfer to the entrepreneurs
for commercial production and marketing.
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