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Abstract

10°C, and at -20°C for zero, five and ten days. The
antioxidants, polyphenols, B-carotene, moisture content,

The three brinjal varieties were selected. They were wrapped in polythene bags and stored at room temperature, 4°C,

biochemical parameters (Total carbohydrates, proteins,
polyphenol oxidase) were analyzed by adopting various

analytical methods for three varieties at different temperature conditions. The B- carotene content was determined by
spectrophotometer and the values obtained were used to estimate retinol equivalent (vitamin A content). The findings
of the investigation revealed decreased levels of biochemical content in the three varieties of brinjal at changing
storage conditions with altered time duration, which have direct bearing on their nutritional status.
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1. Introduction

Eggplant (Solanum melongena L.), a member of the
Solanaceae family, is an economically important
vegetable crop of Indian origin. It is mostly cultivated in
tropical and temperate regions of the world. The world
scenario indicates that India is the second largest
producers of vegetables after China®. The name eggplant
derives from the shape of the fruit of some varieties,
which are white and shaped very similarly to chicken
eggs, commonly known as brinjal in India. The color,
size, shape of the eggplant fruit vary significantly. Some
varieties of eggplant include, Egg-shaped (S. melongena

var. esculentum), Long and slender in shape (S.
melongena var. serpentium) and Dwarf types (S.
melongena var. depressum).

They have antioxidant, antibacterial and

immunostimulant prop-erties’. The fruits are rich in
phenolic compounds. Phenolics show high biological
activity. ‘It is a good source of vitamins and
minerals’. Tissue extracts of eggplant can be used in the
treatment of asthma, bronchitis, cholera and dysuria.
Fruits and leaves of eggplant can be used for lowering
blood cholesterol and can be given to diabetics and obese
patients as it is low in calories and high in potassium'’ .
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Eggplants suffer physiological disorders manifested
mainly by appearance of surface injuries such as pitting
and scald, seed darkening and flesh browning”. This
problem will lower the marketability, food value and
consumers acceptability of these vegetables. The
unattractive appearance and concomitant off flavor
development associated with browning adversely affects
consumer acceptability and palatability. The brown
pigments may change the biochemical and nutritional
characteristics of eggplant. In general, browning of foods
is caused by the enzyme-catalyzed oxidation of naturally
-occurring phenolic compounds by polyphenol oxidase.

Despite the high antioxidant capacity of eggplant
attributable to its high content of phenolic compounds,
the strong tendency of eggplant fruit to undergo
browning remains a major problem during storage and
processing. Preserving the quality and nutritional value

of fruits and vegetables between harvest and
consumption is widely agreed to be very important.

Firmness in brinjal biochemical content such as
carbohydrates, proteins, phenols, p-carotene and

moisture content are important quality parameters which
influences the quality of the fruits during storage with
time. Considering the above facts and importance the
present study will be carried out to evaluate and compare
the modulations in biochemical parameters of brinjal
with respect to temperature and time. In order to acquire
new data regarding changes in biochemical content at
varied storage temperature with time, we are aiming to
determine major nutrients for different varieties of
brinjal.
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Improvement in the shelf-life of vegetables is an utmost
need to reduce the post-harvest losses. The post-harvest
losses include significant qualitative, quantitative and
economic losses. The post-harvest losses of vegetables
can be minimized by prolonging the shelf-life of
vegetables. With the aim to study varying levels of
biochemical parameters in the vegetables at changing
storage conditions with altered time duration, we have
focused our interest on brinjal varieties.

2. Materials and methods
2.1 Sample Collection and storage

Fresh and mature Brinjal fruits of three varieties were
purchased from the local market and wrapped them with
polythene bags and stored at room temperature, 4°C.
10°C, and at -20°C for zero, five and ten days. The fruits
were used for analysis of biochemical parameters.

2.2 Total carbohydrate analysis

One gram of macerated sample was placed in 250ml
beaker; 10ml of distilled water was added and shaken
vigorously for 10mins, followed by addition of 15ml of
52% perchloric acid. This was stirred continuously for
30minutes and the mixture was filtered using Whatman
No.1 filter paper. One milliliter (1ml) of the filtrate was
mixed with 4ml of Anthrone reagent in a test tube and
the absorbance was measured using spectrophotometer at
a wavelength of 620nm. The amount of total
carbohydrate present in the sample was calculated using
standard graph®.

2.3 Total Flavanoid Content

Fruits were cut in to small pieces and were dried in
ventilated oven at 40°c. Dried fruit were stored in dark
place at room temperature (this is grounded just before

extralgt iodn dried sampl e
pieces and t hZxeMml eettbramceis
I of the fruit ®80Ir acft,

and #5h éofi 5% NaNO,, 7.5
501 W NaOH werEmacdaddedct
was then i mmedi6al leof waterdnd |
mixed. Absorbance of the mixtures upon the
development of pink colour was determined at 510 nm
relative to a prepared blank (Singh and Kumar 2006).
The amount of total flavonoids present in the sample was
calculated using standard graph of quecertin (100pug/ml).

2.4 Determination of antioxidant property

The fruits were dried under ambient conditions ground
into fine powder and stored in airtight polythene bags for
further analysis.10g of powdered samples were extracted
with 100 ml of methanol by agitation for 24 hrs at using
an orbital shaker. Extracts were filtered using whatmann
filter paper and the residue was re-extracted twice in the
same manner. The extracts were then combined and
concentrated by evaporation under reduced pressure at
25°c using a rotatory evaporator. The crude dried
extracts were weighed to calculate the yield and stored in
a refrigerator. Methanolic extract (100ul) of sample was
mixed with 900 pl of Tris HCI buffer (50 mM, pH 7.4)
and 2 ml of DPPH (0.1 mM in methanol). The solution
was incubated at room temperature for 30 minutes and
the absorbance was read at 517 nm. The percentage of
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DPPH scavenging activity was determined .
2.5 Determination of polyphenol oxidase activity

The enzyme will be extracted by homogenizing 20 gm of
sliced fruits with 250 ml cold potassium phosphate buffer
(0.02M, pH 7.0). The homogenate was filtered through
cheese cloth and centrifuged at 5000rpm for 10 minutes.
The enzyme was precipitated from the supernatant by
adding 1.5 volumes of cold acetone (-5°C) with gentle
stirring for 60 minutes. The mixture was centrifuged at
10000rpm for 15 minutes and the precipitate was
dissolved in 50 ml of potassium phosphate buffer. This
extract was used as crude source of enzyme. Polyphenol
oxidase activity was assayed by measuring the increase
in absorbance at 420 nm using a spectrophotometer.
Catechol was used as the substrate. Unit of PPO activity
was defined as the amount of enzyme that causes an
increase in absorbance of 0.001/minute’.

2.6 Estimation of total protein content

Extraction was carried out by weighing 1g of fruit and
ground well using mortar and pestle in 10ml of 0.1M
phosphate buffer of p"- 7.0. The homogenate was
centrifuged at 10,000 r.p.m for 15mins. The supernatant
was used for protein estimation’ using bovine serum
albumin as standard.

Briefly, 0.2 7 1.0 ml aliquots of working standard
(200pg/ml) was pipetted out into different test tubes. The
volume was made up to 1ml with distilled water in each
test tube. Sml of Copper reagent was added. Mixed well
and the tubes were allowed to stand for 10 mins. 0.6ml of
F.C reagent was added and incubated at room
temperature for 30mins. The absorbance was measured at
660nm against a suitable blank. Samples analyzed were
in triplicates.

Wﬁfm&%ﬁ Dbt Shenbi " !
wishdste I af dasple wasoweighed and grinded with

0 s mal |

1 of 10%AICl;, a n d mortar and pestle in 10ml of 80% ethanol. The

i homwgenaid wastcantrifieged at 10,000 r.p.m for 15 mins.

Gupegnatant st chllected. Residue was used for re-
extraction with Sml of 80% ethanol, centrifuged. This
was repeated three to four times. The supernatants were
pooled and evaporated to dryness (to remove ethanol).
Residue was dissolved in Sml of distilled water.

The concentration of total phenolic content was
determined spectrophotometrically, using the Folin-
Ciocalteu total phenols procedure. Catechol standards
were prepared (20pg/ml). Different aliquots (0.2 T 1ml)
were pipetted into different test tubes and volume was
made up to 3ml with distilled water in test tube. 0.6ml of
Folin-Ciocalteu reagent was added to each test tube.
After Imin 2.0ml of 20% Na,COj; solution was added.
The absorbance was measured at 650nm, using
spectrophotometer. The concentration of total phenolic
compounds in the extracts was determined comparing the
absorbance of the extract samples to that of the catechol
standard solutions. All samples were analyzed in
triplicates.

2.8 b- carotene analysis

In to a conical flask containing 50ml of 95% ethanol,10g
of the macerated sample was placed and maintained at a
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temperature of 70-80°C in a water bath for 20minutes
with periodic shaking. The supernatant was decanted,
allowed to cool and its volume was measured by means
of a measuring cylinder and recorded as initial volume.
The ethanol concentration of the mixture was brought to
85% by adding 15ml of distilled water and it was further
cooled in a container of ice water for about Sminutes.

The mixture was transferred in to a separating funnel and
25ml of petroleum ether (pet-cther) was added and the
cooled ethanol was poured over it. The funnel was
swirled gently to obtain a homogenous mixture and it
was later allowed to stand until two separate layers were
obtained. The bottom layer was run off into a beaker
while the top layer was collected in to a 250ml conical
flask. The bottom layer was transferred in to the funnel
and was re-extracted with 10ml pet-ether for 5-6 times
until the extract became fairly yellow. The entire pet-
ether was collected in to 250ml conical flask and
transferred in to separating funnel for re-extraction with
50ml of 80% ethanol. The final extract was measured
and poured in to sample bottles for further analysis.The
absorbance of the extracts was measured using a
spectrophotometer at a wavelength of 436nm against a
blank containing pet-ether.The concentration of [-
carotene was calculated using beer-lamberts law, which
states the absorbance (A), is proportional to the
concentration(C) of the pigment, as represented by the
equation
A=ECL; C=A/EL

Where, C=concentration of carotene, A= absorbance at
436nm, E= extinction co-efficient (for p-carotene,

E=1.25x10* pg/ml), L= length of cuvette (path length)
=lcm.

Retinol equivalent was determined by knowing the
concentration of - carotene,

Retinol equivalent = 1pg of retinol =
6pg of B-carotene.

2.9 Determination of moisture content

The fruits were dried at 607 70°C overnight in an oven,
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and the reduction in weight was calculated according to
official method. The moisture content was expressed in
percentage.

3. Results and discussions

Quality changes of eggplant fruits, as affected by short-
term storage at simulated retail conditions were
investigated. According to literature, eggplant fruits are
character-ized by poor storage ability. They can be stored
keeping their good quality and without the risk of
chilling injury for two weeks only, 107112 °C*.
However, in retail condi-tions with higher temperatures,
shorter durability of the fruits and accelerated quality
deterioration can be expected. At our experiment
eggplant fruits were kept wrapped in polythene bags at
temperature simulating the shelf-life of the product.
Results of the experiment showed that the short-term
storage in those conditions significantly affect-ed some
of the quality attributes of the fruits, concerning physical,
chemical and sensory traits.

3.1 Selected varieties

The selected varieties were commonly used by local
people and locally available. They were green long,
purple round and green round. These varieties were used
to study the changes in biochemical parameters at diverse
storage conditions (Fig.I).

3.2 Effect of temperature on total carbohydrate

Significant changes of sugars content in eggplant fruits
were observed during storage at varied temperature with
time. In all the varieties studied the total carbohydrate
content decreased with varying time (Fig.II)

3.3 Effect of temperature on flavanoids

Flavonoids are class of secondary plant metabolites with
significant antioxidant and chelating properties.
Antioxidant activity of flavonoids depends on the
structure and substitution pattern of hydroxyl groups.
The decreased levels of flavonoids with time (Fig.II)
may be due to low temperature that makes the flavonoids
less extractable.

GREEN LONG

Figure I: Selected varieties of brinjal

PURPLE ROUND

GREEN ROUND
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Figure I1: Effect of temperature with time on total carbohydrate in three varieties of brinjal
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Figure II1: Effect of temperature on flavanoid content in three varieties of brinjal
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Figure I'V: Effect of temperature on antioxidant activity in different varieties of brinjal

3.4 Effect of temperature on antioxidant activity

The free radical scavenging capacity of eggplant extract
was tested by its ability to bleach the stable DPPH
radical. The antioxidant potential of extracts of three
varieties was evaluated. Eggplant is listed among the top
ten vegetables in terms of oxygen radical absorbance
capacity®’. The free radical scavenging activity was
tested by its ability to bleach the stable DPPH radical.
This assay provides information on the reactivity of test
sample with a stable free radical. Because of its odd
electron, DPPH gives a strong absorption band at 517 nm
in visible spectroscopy (deep violet color). As this
electron becomes paired off in the presence of a free
radical scavenger, the absorption vanishes, and the
resulting decolorization is stoichiometric with respect to
the number of electrons taken up. In this assay, extract
showed a significant decrease in the DPPH quenching
capacity with time (Fig.IV).

3.5 Effect of temperature on polyphenol oxidase activity

The literature contains several reports of characterizing
polyphenol oxidase and few reports for in brinjal.
However these did not involve investigation of
polyphenol oxidase across varied storage conditions.
Therefore in order to acquire new data regarding changes
in activity at varied storage temperature with time, we
aimed to determine activities of enzymes for different
varieties. In our observation there was decrease in
activity of the enzyme in the beginning and became
constant (Fig.V).

3.6 Effect of storage temperature on total protein

Proteins present in the brinjal fruit are responsible for its
nutritional value.The higher protein indicates that its
intake can contribute to the formation of hormones which
controls a variety of body functions such as growth,
repair and maintenance of body. In this study the
Significant changes of protein content in eggplant fruits

were observed during storage at varied temperature with
time. In all the varieties studied the total protein content
decreased with varied time (Fig.VI).

Experimental results showed the decrease in proteins
with time due to low temperature

3.7 Effect of storage temperature on total phenol

In general, the higher phenol content was associated with
higher antioxidant capacity. Several studies have also
reported a good correlation between the total phenol
content of plant extracts and antioxidant activity.
Phenolic com-pounds have redox properties, which allow
them to act as antioxidants. The total phenolic content is
positively related to browning. Eggplant quality and shelf
life are reduced by development of skin and tissue
browning upon storage. The quantity and quality of
phenols present in fruit and vegetables may be
significantly influenced by storage conditions’. In all the
varieties studied the total phenol content increased with
varying time (Fig.VII). Total phenol concentration
increased at low temperature and as the storage time

increases.

3.8 Effect of storage temperature on b- carotene
content

Carotenoids are present as pigments in many vegetables
and fruits and are associated with chlorophyll in higher
plants, playing important role during photosynthesis.
Carotenoids are of two types: carotenes and xanthophyll.
The most widespread and important is f-carotene which
is found abundantly in some plants. The essential role of
B-carotene as a dietary source of vitamin A has been
known for many years'’. In our observation B-carotene
content reduces upon storage (Fig.VIII). As concerned
with B-carotene content lower temperatures are not
preferable for storage of brinjal as there is minimal loss
seen under these conditions.
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Figure IX: Effect of storage temperature on moisture content in different varieties of brinjal

3.9 Effect of storage temperature on moisture content

As per literature moisture content analysis is important in
determining the shelf life of foods and products.
Moisture rich foods are easily susceptible to the
microbial attack which causes damage and reduces its
shelf life. Moisture content is also a factor for
determining the quality of food.

In our study the Significant changes of moisture content
in eggplant fruits were observed during storage at varied
temperature with time. In all the varieties studied the
total moisture content decreased (Fig. 1X). All the three
varieties are found to have same percentage of moisture.

4. Conclusion

The current study showed storage conditions affects the
biochemical parameters. In all the three varieties of
brinjal studied, the ideal storage temperature was found
to be 10 7 12°C. All the biochemical parameters studied
decreased with varying time. The study of polyphenol
oxidase activity also showed decrease in activity with
storage time at low temperature. There is not much
difference in biochemical content in different varieties.
Based on the amount of parameters studied in each
variety and temperature and number of days of storage,
the green long brinjal was found to be the best out of
three varieties as there is minimal loss of biochemical
upon storage. It was found that quality of vegetables
which stored in cold temperature conditions was not

8

remained well after S5days of storage. From the
experiment we found that shelf life of vegetables were
comparatively less at low temperature conditions. All the
biochemical parameters studied decreased with varying
time except total phenol content which increased upon
storage as it is positively related to browning. There is
not much difference in biochemical content in different
varieties.
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