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Abstract

Effect of removal of reaction substrate (amino acids) from sweet orange juice by using cation exchange
resin was studied for reduction of browning of single strength juice and semi-concentrates of 15 and 30
°Brix. Cation exchange resin (CER), Dowex-50W was used for removal of amino acids. The treated and
untreated juices were concentrated to 15 and 30°Brix in a rotary vacuum evaporator. Single strength juice
alongwith semi-concentrates of 15 and 30 °Brix were stored for a period of one month at refrigerated,
ambient and accelerated temperature (37+2°C, 65% RH). During 30 days storage, loss of amino acids
was mere 3.07% in the concentrates prepared from cation exchange resin treated juice as compared to
about 6.68% loss in the products prepared from untreated juice. Ascorbic acid content showed a net
loss of 14.59% (dwb) after 30 days storage in products prepared from untreated juice as compared to far
lesser losses of just 4.85% (dwb) in the products prepared from cation exchange resin treated juice under
similar conditions of storage. Total sugar registered a net loss of 3.52% on dry weight basis. Treated
juice showed higher amount of total sugars with mean value of 75.48% as compared to untreated juices
with corresponding value of 71.01%. Cation exchange resin treatment of malta juice resulted into about
three folds in non-enzymatic browning during storage.

Keywords: Sweet Orange, Malta, Non-enzymatic browning, Cation exchange resin, Juice, Semi-
concentrates, Storage
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Sweet orange, is the second most important citrus fruit
cultivated in India after mandarin, mainly in Andhra
Pradesh, Maharastra, Punjab, Haryana and Rajasthan.
National Horticulture Board estimates sweet orange
production in India to be 3.57 million tonnes from an
area of 0.32 million ha area (NHB, 2009). Main varieties
of sweet orange in India being cultivated on commercial
scale are Blood Red, Mosambi and Satgudi, however, cv.
‘Malta Common’ is very popular in regions of Punjab,
Haryana and Uttarakhand (Chadha, 2006). Juice is the most
important product obtained from sweet orange which may
be canned, frozen, converted into beverages or chemically
preserved either as natural single strength juice or after
concentration. But, browning of citrus juices and beverages
during preparation as well as storage has been recognized
as a big problem for the fruit processing industry (Sharma
et al., 2006).

Biochemically, browning predominantly results due to the
reaction of sugars and amino acids leading to the formation
of melanoidins (brown polymers). Browning reactions are
supposed to slow down in the absence of any of these two
substrates (Handwerk and Coleman, 1988; Sharma et al.,
2004). Several authors have reported that quality of fruit
products is generally reduced during storage because of
change in colour, aroma and taste of the products (Giese,
1992; Sharma et al., 2006). Maintaining the product at low
temperature is the common mean to avoid colour and flavour
deterioration of processed citrus fruit juices, concentrates
and dehydrated products in long term storage (Handwerk
and Coleman, 1988). But when subjected to non-refrigerated
storage, citrus juice rapidly develop objectionable colour
and flavour making the product unacceptable. Sharma
et al. (2006 and 2011) have reported about 96% reduction
in amino acid (one of the browning reaction substrates)
by use of Dowex-50W cation exchange resin (CER) and
subsequent four-fold reduction in browning of lemon juice,
concentrates and powder. But, the work on reduction of
browning in sweet orange juice and concentrates during
storage is scanty in literature.

Keeping the above facts in view, the present investigation
was designed to evaluate the effect of cation exchange resin
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treatment for removal of amino acids (one of the browning
reaction substrates) from sweet orange cv. Malta Common
juice for subsequent reduction of colour and quality
deterioration in single strength juice and semi concentrates
during storage.

Materials and Methods

Fruits of sweet orange (Citrus sinensis) cv. Malta Common,
devoid of blemishes, any visible signs of microbial infection,
insect infestation and physical injury were procured
from malta growing areas of district Tehri_Garhwal,
Uttarakhand, India. Juice was extracted by using semi-
automatic motor operated Screw type juice extractor (Bajaj
Maschinen, Pvt. Ltd., New Delhi). The extracted juice was
then strained through muslin cloth and pasteurized at 90°C
for 10 sec followed by quick cooling to room temperature
and preservation with 500 ppm SO, (Sharma e al., 2004a
and b) . The juice was clarified by using “Pectinase CCM”
enzyme (Advanced Enzyme Technologies Ltd. Thane,
Mabharashtra, India) at 0.2% for 2 h at 50 + 2°C (Sharma
et al., 2001; Sharma, 2010).

For removal of amino acids (one of the browning reaction
substrates), an acidic cation exchange resin, Dowex-50W, (Hi
Media Laboratories Pvt. Ltd., Mumbai, India) was packed
in a glass column (5 cm internal diameter) upto a height of
8 cm. About 120 ml of juice was allowed to pass through
the glass column under gravity in one lot. The column, after
use, was washed with 0.2 N HCI solution (3-4 times the
volume of resin) and regenerated with 0.2 N NaOH solution
(2-3 times the volume of resin) with EDTA (AOAC, 1995;
Sharma et al., 2004b). Excess of alkali was removed by
washing the CER with 3-4 volumes of distilled water and
dried under suction at room temperature. Properly washed
and regenerated column was repeatedly used for separation
of amino acids from malta juice without any practical loss
in its activity (Fig 1). Samples of 120 ml juice were treated
separately and the treated juice was collected and pooled.

Both types of juices i.e. one from which browning reaction
substrates had been removed (treated) and untreated one
were used for the preparation of semi-concentrates of 15,
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Fruit (Malta Common)

v

Sorting

v

| Hand peeling / halving |

Peel (flavedo+
* _ albedo+ rags)

| Juice extraction |

v

| Filtration through muslin cloth |—>| Pomace + seeds |

v

| Pasteurization (90°C for 10 sec) |

v

| Cooling and preservation with 500 ppm SO, |

v

Enzymaytic clarification (Pectinase CCM
0.2% for 2 hrs at 50+ 2°C)

* > Sediments

Filtration under suction |

v

Clarified juice

v

Pass 120 ml juice through glass column packed
with CER (Dowex-50W) under gravity

* » CER Treated juice

Washing and regeneration of CER packed glass column
Step 1. Wash the column with distilled water (3-4 times vol. of resin)
Step 2. Wash the column with 0.2 N HCl solution (3-4 times vol. of resin)
Step 3. Regenerate with 0.2 N NaOH solution with EDTA (2-3 times vol. of resin)
Step 4. Wash the column with distilled water (3-4 times vol of resin) to remove excess of alkali
Step 5. Dry the column under suction at room temperature and reuse the column repeatedly

Fig. 1. Enzymatic clarification and cation exchange resin treatment of malta juice
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30° Brix using a rotary type vacuum evaporator (Rotating
Evaporator RE 2000A, Associated Scientific Technologies,
Delhi) at 50 + 2°C under 28 + 2” Hg vacuum. In order to
achieve fast condensation of vapours, the temperature of
water circulating through the condenser was maintained
between -15 and -5°C by using a circulatory water bath.
The freezing point of water was lowered by addition of
20% salt. All the semi-concentrates were packed in 200
ml glass bottles along with single strength juices (treated
and untreated). Samples were stored under three storage
conditions viz., refrigerated condition (6:2°C, 92 % RH),
ambient condition (room temperature i.e. 20+4 °C, 73% RH)
and accelerated temperature (37+2°C, 65% RH) and were
evaluated initially before storage (for one month) and at
periodic intervals of 15 days for various qualities attributes.

Standard analytical procedures were followed for estimation
of TSS, titratable acidity, colour and non-enzymatic
browning of samples (Ranganna, 1997; Sharma and
Nautiyal, 2009). Sugars were estimated by rapid colorimetric
method of simultaneous determination of total reducing
sugars and fructose (Ting, 1956), ascorbic acid by direct
colorimetric method (Ranaganna, 1997), total amino acids
were determined by ninhydrin colorimetric method (Ting
and Deszyck, 1960). The data on chemical characteristics
was analysed statistically by CRD (Cochran and Cox, 1963).

Results and Discussion

With the advancement of storage period, amino acid
content decreased continuously, which was probably due to
their involvement in browning reactions i.e. reaction with
sugar, ascorbic acid and other juice constituents (Table 1).
The reduction in amino acid content with advancement of
storage period, have also been reported earlier (Sharma
et al., 2004b, 2009 and 2011). However, the loss of amino
acids was mere 3.07% in the concentrates prepared from
cation exchange resin treated juice as compared to about
6.68% loss in the product prepared from untreated juice after
30 days of storage irrespective of folds of concentration,
storage conditions and storage intervals. It might be due
non-availability of sufficient amino acids to perform various
non-enzymatic browning reactions, as cation exchange resin
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treatment removed 98.35 % of amino acids. Considerably
lower contents of total amino acids in semi-concentrates
prepared from treated juice may be attributed to their
removal by cation exchange resin. The higher retention of
amino acid under refrigerated condition might be attributed
to slower reaction rate under refrigerated condition. On the
contrary the retention of amino acid was significantly less
at accelerated temperatures probably due to high rate of
deteriorative reactions (Ajandouz and Puigserver, 1999).

Ascorbic acid degradation has been associated with
browning of orange juice. It has been demonstrated that
presence of amino acid accelerates ascorbic acid breakdown
(Clegg, 1964) and in the presence of amine it is oxidized to
dehydroascorbic acid that is the reaction intermediate in the
pathway to brown pigment production (Hodge, 1953; Clegg,
1964). The mean value of ascorbic acid content was 1.23
times higher in treated juice as compared to untreated juice
indicating better retention of vitamin C after cation exchange
resin treatment (Table 2). Further, a net loss of 14.59 % (dwb)
was recorded after 30 days storage in products prepared
from untreated juice as compared to far lesser losses of just
4.85% (dwb) in the products prepared from cation exchange
resin treated juice under similar conditions of storage, which
might be due to non-availability of sufficient amino acids
to react with ascorbic acid for its degradation. The semi-
concentrates stored under refrigerated condition showed
higher ascorbic content as compared to the semi-concentrate
stored under accelerated temperature conditions.

A steady increase in reducing sugar during entire storage
period irrespective of all other variables, as observed during
the experiment has been presented in Table 3 probably
due to hydrolysis or inversion of non-reducing sugar to
reducing sugars. In similarity to the changes in amino acid
and ascorbic acid contents, the reducing sugar contents
also suffered lesser changes in the products prepared from
cation exchange resin treated juice as compared to the
untreated counterparts. There was a net increase of 1.92%
in reducing sugars of products prepared from untreated juice
as compared to only 0.80% increase in treated juice and
semi-concentrates thereof after 30 days of storage, which
might be due to non-availability of sufficient amino acids
to react with sugars. Further, refrigeration of the products
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during storage was also effective in minimizing changes
in sugar content.

The losses in total sugars may be attributed to their
involvement in Maillard reactions leading to formation
of brown pigments. Lesser losses in total sugar content
of treated juice and its semi-concentrates, was probably
due to non-availability of sufficient amino acids to react
with sugars of treated juice (Table 4). These findings are
in close conformity with earlier findings (Sharma et al.,
2004b & 2009). As far as the effect of cation exchange resin
is concerned, treated juice showed higher amount of total
sugars as compared to untreated juices on moisture free
basis, which might be due to their corresponding higher
folds of concentration. Higher retention of total sugar under
refrigerated conditions was probably due to slower rates of
browning reactions at lower temperature.

As depicted in (Table 5) there was a steady increase
in non-enzymatic browning of malta juice and semi-
concentrates during 30 days of storage, which might be
due to the reaction of carbonyl and free amino groups that
leads to formation of brown melanoidin pigments. Since,
non-enzymatic browning of the products prepared from
untreated juice at 15" and 30™ day of storage at accelerated
temperature were too dark to read their absorbance at 440
nm, the numerical data for the specific samples could not be
generated. Therefore, statistical analysis the data pertaining
for only refrigerated and ambient storage conditions were
considered.

The cation exchange resin treatment of Malta juice had a
significant effect on reduction of non-enzymatic browning,
resulting into a mean reduction of about three folds in
products prepared from treated juice as compared to
untreated Malta juice, which might be due to the removal
of browning reaction substrates (amino acids) from treated
juice (Sharma et al., 2004, 2009 and 2014). As expected
the non-enzymatic browning was more pronounced in
concentrates of higher folds which were probably due to
availability of more amount of browning substrate (amino
acid). The increase in non-enzymatic browning with higher
levels of concentration has also been reported by Sharma
et al. (2006) in lemon juice concentrates.
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Perusal of data in (Table 6) indicates that in similarity to
the trends in non-enzymatic browning the measurement
of colour (OD 420 ) was also not possible in the products
prepared from untreated juice during storage at accelerated
temperature condition. Therefore, data from accelerated
storage conditions was not considered for statistical analysis.
The statistical analysis of rest of the data reveals that there
was a continuous darkening in colour of samples with the
advancement of storage periods, which might be attributed
to non-enzymatic browning reactions as these reactions
cause intense colour formation like yellow, orange or red.
The colour measurement also reveals that the darkening
of products was approximately three folds lesser in those
prepared from treated juice as compared to counterparts
prepared from untreated juice. The darkening of colour
was slightly lesser during product storage at refrigerated
condition than that at ambient condition. However, colour
measurement also indicated product darkening with increase
in concentration of sweet orange juice.

Conclusively, it emerges out that the use of cation exchange
resin Dowex-50W is highly effective in removal of
browning substrate (amino acids). Approximately 120 ml
of sweet orange or Malta Common juice (pooled value of
first six samples) when passed through a glass column (5
cm internal diameter) packed with cation exchange resin
(Dowex-50W) upto a height of 8 cm, could remove about
98.35% of the amino acids from the juice with a slight
loss in other juice constituents. The concentrates prepared
from cation exchange resin treated juice underwent about
3 folds lesser darkening during storage alongwith better
retention of nutritional and sensory quality attributes. The
commercialization of this technology after pilot scale testing
and validation may open new avenues for utilization of
sweet orange and other citrus juices for preparation of juice
concentrates and beverages.
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