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SUMMARY OF WORK

The application of various cooking and other temperature treatments generally alters the native
state of any fruitz or vegetables. Heat led to softening and destruction of tissue structures in the
cell matrix hence changes the organoleptic as well as nutritional and phytochemical properties.
The present study found that cooking can make the polyphenols and antioxidants of cooked food
quite different from that of uncooked food. This is probably due to variety of effects like
destruction, release and transformation of the phytochemicals. From the present study 11 was
ohserved that the extraction efficiency of the selvenis differed for different vegetables depending
on the diversity of the phenolic compounds present. However, methanol, water and acetone have
good extractability properties. Cooking enhanced the antioxidant activity of the selected
vegetables than the raw forms in most of the cases. Overall, steaming was the most preferred
method for cooking. But in case of cooked banana blossom, a decrease in flavoneid content was
ohserved. Owerall, antioxidant activity of the minimal processed samples decreased with the

increase in duration of storage.

The selected fruits contain considerably good phenclic content and high antioxidant activities
except in Bhimka! and pineapple where the content is lower compared to the rest of selected
fruits. The pasteurization treatment had negative effect on the TPC, TFC and antioxidant
activities in pineapple (Ananas comosus), watermelon (Citrullus lematus), pari famue (Syzygium
samarangense) and lirchi (Litchi chinensis) whereas carambola or star fruit (dverrboo
carambala) and black jamun (Syzveium cumini) showed an increasing trend. Overall, carambola
fresh juice has belter antioxidant properties which are further enhanced on pasteurization.
Watermelon has low levels of antioxidant capacities. During spray drying a significant difference
in phytochemical content between the untreated and spray dried fruit juice was observed.
Application of cabinet or ray drying as well vacuum and freeze drying had both positive and
negative effecis on the phytochemical properties of the selected seven fruits. In case of storage
study of fruits, the phytochemical content and activity decreased in all the samples regardless of

the storage lemperaiure conditions.
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INTRODUCTION

Fruits and vegetables are very rich sources of phytochemicals with antioxidant activity, These
phytochemicals provide protection against harmful free radicals that are being produced in the
human body because of the various metabolic processes. These free radicals are often
responsible for inducing chronic diseases, such as cardiovascular diseases, cancer, diabetes,
Alzheimer disease and age-related functional decline in health (Knekt er al., 2002; Liu et al.,
2000). Commonly, fruits are consumed mostly in raw form and vegetables are cooked before
consumption by simple boiling or microwave cooking. These cooking methads involve the
application of temperature which brings about a number of changes in physical characteristics
and chemical composition of vegetables {Suknwant et al., 1992). However, cooking brings about a
number of physical and chemical changes in the vepetables (Rehman et al., 2003). These changes could
be both beneficial and detrimental depending on the extent and (ype of treaiment conditions.  Variety off
effacts like destruction, releage and structural reansformation of the phytochemicals takes place during the
cooking process. Cooking treatments like boiling, microwaving (Zhang & Hamazau, 2004), baking,
frving and griddling lead 1w changes in texture and nutnitional properties of the vepetables, Rodriguez-
Amiya (1999) reported that cooking softens the cell walls which lead to increase in the exiraction of
carndenaids. However, other studies have reported that cooking can also lead to loss in essential vitamins
and antioxidants mostly water seluble and heat labile compounds. The extent of loss is dependent on the
type of cosking treatment (Lin & Chang,. 2005).

The estimation amd determination of phenolic compounds is mainly influenced by type of phenolic
compounds present. solvent polarity, extraction method and conditions (Prior & Cao. 1999). The phenolic
cosmpounds exhibin differem solubility panern depending on the polarity of the phenolic acids present in
them. Diffarent solvents like methanol, ethanol, acetone, water and ethyl acetate can be wsed for phenolic
compotnd exteaction {Maczk & Shahidi. 2004y During the study of the effect of iemperature on the
pelyphenols and antioxidant activity of the concerned vegetables, the type of solvent used for
extraction of polvphenols and its polarity are important aspects that need 1o be taken into

consideraion.

In the present time. minimal processing of fresh fruits and vegetable produces has gained
popularity among the consumers due o increased shelf life of the products,  bener presemability
and ready to use, thus, minimizing the time of preparation. During minimal processing, fruits and

vegetables are treated in a series of stages where their structure and tissues are generally
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damaged or removed, By cutting, the size of diverse fruits and vegetables were reduced to obtain
ready-to-use products that are packaged in small portions for convenience. During handling,
cutting, washing &nd rinsing, important mechanical damage occurs, which is accompanied by
oxidative stress,

Some notable conseguences of these mechanisms are enzymatic browning and lignification of
growing tissues, which damage various minimally processed priducts. Besides, the antioxidant
capacity of this food group may be affected, with important consequences on nutritional quality.
In case of fruits, although they should be usually consumed in fresh form tor maximum
availability and effectiveness of phylochemicals, the advancement in the field of food processing
has led to the development of number of techniques to increase the shelf life and availibility of
the fruits throwghout the year owing to their seasonal nature. Some of these processing
techniques are pastcurization, spray drying, vacuum drying, freeze drying, cabinct drying,
ssmotic dehydration, storage at different temperature efe. But processing technique like drying
involves application ol heat which has detnimental effects on the fruit phytochemicals, vitamins

end other nutrients as well as on organoleptic propertics.

Therefore, objectives of the study were to investigate
+  Todetermine the antioxidant copaeity in fresh fruits and vegetables of Assam
# To measure the cffect of processing treatments on the antiokidan properies
o To study the effect of temperature, and minimal processing on the antioxidant properties of fresh

fruits and vepetables
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MATERIALS AND METHODS

Part A: To measure the antioxidant enpacity in fresh and processed vie conventional boiled,
steamed and microwave cooked in vegelables of Assam as well as the extraction efficiency of the
Four solvent taken vie. water, 80% ethanol, B4 methanol and 80%: acetone.

Vegetable samples

a) Freshly harvested cauliflower (Brassica oleracea Botrytis), cabbage (Brassica oleracea
capiita), green pea (Pisum sativa), banana blossom (Musqe balbisiana), brinjal {(Selamum
mefongena), beetroot (Beta vulgaris), teaslegourd -fﬂe:iammﬂ:r'cu dioica), black eyed pea (Vigna
umgnicnlora subsp, Ungiculata), bottlegourd (Lagenaria siceraria), tomato {Solamum Deopersicum),
carrol (Domucus carova subsp. Savbvay), Khanua brinjal (Selamum  sp), radish (Raphamus sativay),
knol-khol { Brasvica cemlarapa L) ond roselle leaves (Hibiieus acetoselie) were purchased from the
local market of Tezpur, Assam. All the vepetables were sorted and washed properly before use.
The cauliflower bunch was separated into florets and cut into uniform sizes, Other vegetables
were also cul into uniform pieces. Each vegetnble batch was divided into four Ei:[uai portions.
(e portion was retained as raw, and the each of the remaining three were subjected to cooking

methods of steaming, conventional boiling and microwave cooking. respectively.

b) Apart from the above trealments, four raw vegetables viz. ivy gourd (Coccinia grandis), ridge
gourd (Luffe ocutengada), french bean (Fhaveofus velgaris) and yardlong bean (¥igma enguicufota
subsp. tesquipedalis) were analyzed for their phytochemical contents.

Cooking treatments

The vegelahles were subjected w three cooking treatments- conventional boiling, steaming and
micnowave cookng. Prior to choosing the best cooking time for the vegetables, the individual
vegetables were cooked by trial and error and the best cocking time was determined by taking
into consideration the surface appearance and tender texture felt both by fingers and teeth. The

cooking conditions for each treatment are given an Table |,

{Carve ol hoiline

Vepeiables were added 1o boiling water in a covered stainless steel contaimer (1:2 samplefwater)
ard cooked.



Sreaming
Vegetables were cooked in steam using an autoclave (Equitron) under atmospheric pressure.
Microwave eooking

The vegetables were cooked in a microwave (Samsung model) at 600W power level with water

{1:1 sample/water). Immediately after the cooking treatments, the vegetahles were cooled in an
ice bath to stop the process of cooking and then stored at -20" C until analysis for phytochemicals

and antioxidant ectivitios.

Table 1. Cooking treatments and cooking time (min) for vegetables.

'Sl.No  Sample name Treatment Time (min)
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1 Canliflower Blearming
Microwave (BIOWY
Boiling

2 Cabbage Stcaming
M icroarave (GOOW
Boiling

3 (irecn pea Steaming
b b rdarfie fﬁmw':l
Boiling

4 Banrana hlossom Sterning,
Plicrowave {GIHIA)
Boiling

5 Beetroot Steaming
M i croawave (GOIA)
Boiling

f Teasle gourd Steaming
hdicrow v (G0N )
Boiling

7 Brimal Sicaming
Microwave [HW)
Boiling

B Black cyed pea Steaming
Microwave (W)
Boiling

On e Lm o Lho=d -] w3 DB DA

— B oo oo W5 =] 50 =1 LA

— R
=] =]

wf L Ch

(¥

g Bortlezourd Steaming
A S rowdve (A0
Boiling

10 Tomuk Sieaming
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Microwsave {B00W)
Boiling

11 Carmol Sleaming
Blicrowave (500w
Boiling

12 K harua brinjal Steaming
Microwave {S00W)
Boiling

13 Radish Stzaming
Microwawe (G00W)
Boiling

I4 Kmol-khal Steaming
Microwave {GDHIW)
Boiling

|5 Roselle leaves Steaming
Plicrowaye {GHW)
Boiling
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Part B: To study the effect of minimal processing on the antioxidant properties of fresh
vigetables

For minimal processing, the selected vegetables viz, pointed pourd (Trichosanthes dioical,
teasel gourd (Momordica dicica) . vardlong bean ( Vigna wngwiculata subsp. Sesquipedalis) |
squash {Sechivm edule) and pumpkin feucurbita maschorg) were washed in running drinking water
to remove dJirt materials, then sanitized in 100 ppm sodium hypochlorite solution for 3 min and
again rinsed off with drinking water. The excess water from the samples was absorbed off using
a hlotwing paper. Subsequently, the vegetables were then divided into four lots and cut into
uniform size with a sharp knife and then lotl was immersed in water and kept a5 control raw,
1012 was blanched (T5°C, 2 min), lot3 was dipped in 1% cach of citric acid and ascorbic acid
solution and lotd was blanched and then dipped in 1% of citric acid and ascorbic acid solution.
Each lot was packed (100g) in LDPE packaging pouches and sealed. The packs were stored at 8
°C under refrigerated condition. At interval of 3 days, samples were evaluated for changes in

antioxidant propertics.
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Fart C: To measure the antioxidant capacity in fresh and processed viz, pasteurized and
dried with different methods in fruits of Assam.

1. Phytochemicals of fresh fruoits

Freshly harvested raw bael (degles mermelos), bhimkal (Musa balbisiana),bogi farmun (Syzygium
Jjambos) , amla (Embiica officinglis), Indian olive (Elaeocarpus serramus)guava (Fsidium
guajava), leteku (Baccurea sapida), carambola (Averrkoa carambola), black jamun (Syzygium
cumuni), poniol (Flacourtia catafracta Roxh),watermelon (Citridlus lanatus), pineapple (dranas
comosus), hogplum (Spondias pinnata) and lilchi (Lirchi chinensis Sonn.) were purchased from
the local market of Tezpur, Assam. The fruits were washed properly. No cooking treatment was

given to them. The fruits were analyzed for phytochemicals and antioxidant activity.

2. To analyse the phytochemicals in pasteurized fruit juices
The fruits selected for the swdy viz carambola (Averrhoa carambola), pineapple (Ananas

eomos), watermelon (Citrdlus lanatus), pani farnm or water apple (Syapeinm somarangense),
black famun (Syzygium cumini) and Hichi ( Litchi chirensis Sonn.) were procured from the local
market of Tezpur, Assam. The fruiis were washed properly and then using a domestic juicer
{Philips) the juice was separated from the pulp. The collected juice was then strained using 4
muslin cloth and then filled into pre-sterilized glass bottles. The juice bottles were then separated
into two lots, One lot was kept as fresh, untreated juice and the other lot of juice was subjected to
pasteurization at 75°C for 3 min and then cooled o room temperature. All the juices samples

were then analysed for total phenolics, antioxidant activity and ascorbic acid content.

3. To analysc the phytochemical in fruoits dried by different drying methods

The selected fruits viz. carambola (Averrhoa carambola), pineapple (Ananas comosus), hog
plum (Spondias pinnata), poniol (Flacourtia catafracia Rork), leteku { Baceurea sapida ), guava
{ Pricium guajava) and black jamun {Syzyeiun cuming) were purchased from the local market of
Tezpur, Assam. The selected fruits were subjected o freese dryving (-507°C), vacuum drymng {55
"), and cabinet drying (55 °C) for 12 h.  Apart from that, pineapple, watermelon, khasi
mandarin (Clirus rericulate) and carambola juices were subjected to spray drying with 20%

maltodextrin (DE 209 at an inlet tempermture of 185 °C and outlet temperature of B8 °U with feed
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rate of 7mlmin. All the fruit samples were then determined for changes in phvtochemicals and

antinxidant activities.

Part Id: To study the changes in phytochemicals in selected two fruits vie. Litchi and black
jamun stored at different temperature conditions for & days.

The freshly harvested two Fruits were procured from the Tezpur local market, Assam. The fruits
were washed and sorted propery and allowed to cool to room temperature. After that the fruits
were divided in to three lots viz. Lot] to be kept in deep freezer (-20°C), LotZ to be kept at
refrigerator temperature (8°C) and Lot 3 to be stored in an incubator at room temperature (23%C),
The fruit samples were stored at these temperatures conditions for & (six) days and then analyzed
for changes in phytochemicals and antioxidant activities on zero day and at an interval of two

days subsequently.

Sample extraction

For the determination of phytochemicals and antioxidant activities both raw and cooked
vegetables were extracted separately in water, 80%% ethanol, B0% methanol and 80% acetone
solvents. In case of the fruits and minimally processed vegetable, only 80% acetone solvent was
used for extraction. The extraction was carmed out following the method of Atala et al (2009),
One gram of sample was homogenized and then extracted in 10 ml of solvent at 20°C for 90 min
at 20} rpm and then centrifuged (Hettich centrifuge, Germany) at 970 g The extracted
supernatants were analyzed for total phenolic content, total flavoneid content, ferric reducing
antioxidant potential, DPPH radical scavenging activity and metal chelation activity. The beet,
roselle and stored fruits viz. black jamun samples were also studied for changes in towal

anthocyanin content.

Methods

Determinaiion of toval plherolic content

Total phenolic content in fruit extracts was asscssed using a medified version of the Folin
Ciocalten assay (Slinkard and Singelton, 1977). Gallic acid was used as a standard and the
agueous gallic acid solution (300 mg/L) was diluted with distlled water 1o give appropriate
concentrations: for a standard curve. For the analysis, 20pl. each of fruit extrect, gathe acid

standard or blank were taken in separate test whbes and o each | 58 ml of distilled water was
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added, followed by 100pL of Folin-Ciocalieu reagent, mixed well and within 8 min, 300 pL of
sodium carbonate was added. The samples were vortexed immediately and the wbes wers
incubated in the dark for 30 min at 40°C. The absorbance was then measured at 765 nm in a UV-
Vis spectrophotometer (Cecil, Aquarius7400). The resulis were expressad in mg GAE! 100g,

Determination af total favanaid content

The flavonoid content was determined by aluminum trichloride method (Chang et al,, 2002),
Briefly, 0.5 mL of the extract was mixed with 1.5 mL of 95% ethanol, 0.1ml of 10% aluminum
trichlerrde (AICI3), 0.1 ml of IM Potassiuin acctate, and 2.8 ml of deionised water, After
incubation at room temperature for 40 min, the reaction mixture ahsorbance was measured at 415
nm against deionised water blank in a UV-Vis spectrophotometer (Cecil, Aquarius 7400
Results were expressed as quercetin equivalent (mgQE/100g) of sample,

Determination of ferric reducing antioxidant property (FRAP)

FRAF activity of the samples was measured by the method of Benzie and Strain { [999). Briefly,
a 40 pL aliguot of properly diluted fruit extract was mixed with 3 mL of FRAP solution. The
reaction mixture was incubated at 37°C for 4 min and the absorbance was determined at 593 nm
in a UV-Vis spectrophotometer (Cecil, Aquarius 7400) against a blank that was prepared using
distilled water. FRAP solution was pre warmed al 37°C and prepared freshly by mixing 2.5 ml of
a 10mM 24 6-TPTZ |24 6-tri(2-pyridyl)-1,3,54riazine] solution in 40mM hydrochloric acid
with 2.5ml of 20mM ferric chloride and 25 mL of 0.3M acetate buffer (pH 3.6). A calibration
curve was prepared, using an agueous solution of ferrous sulfate ([-10 mM). FRAP values were

expressed as pM of ferrous equivalent Fe (IT) per 100 g of sample.

Deterringtion of PP activiey

Radical scavenging activiry of the frait extracts was measured by determining the inhibition rate
of DPPH (2, 2-diphenyl- | -picryvlhydrazyl} radical (1993). Precisely, 100 pl of extracts were
added 10 14 ml. DPPH radical methanolic solution (107 M). The absorbance at 317 am was
measured dl 30 min against blank (100 gl methanol in 1.4 mL of DPPH radical solution) using a
U'V-Vis Spectrophotometer (Cecil Aquarius 7400). The results were expressed in terms of

radical scavenging activity using the following equation:
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Radical scavenging acitivity (%) = [{Ao-As) Ao] = 100
Where, Ao iz absorbance of control blank, and As s absorbance of sample extract,

Determination of metal chelating capacity (MCOC)

Metal chelating capacity was determined based on the given method {Carter, 1971; Dinis et al,
1994). 1.0 ml of 0.125 mM FeS04 (Ferrous sulphate), and 1.0 ml of 0.3125 mM Ferrozine were
mixed with 0.2 ml sample. The mixture was allowed to equilibrate for 10 min at room
temperature before measuring the absorbance at 362 nm in a UV-Vis spectrophotometer (Cecil,
Aquarius 7400) was recorded. The control contained all the resction reagents except the extract.
Decreased absorbance of the reaction mixture indicated increased activity.

Chelation activity [*5] = [[Ap-As) Ao] =100

Where, Ao is absorbance of control blank, and As is gbsorbance of sample extract

Tetal monomeric anthocyanin pigmeni conient

Total monomeric anthocyanin pigment content of the fruil samples was determined with slight
muodifications of the pH differential methods of Giusti and Wrolstad (2001). Briefly, 0.5 mL of
the sample extract was mixed thoroughly with 3.5 mL of 0.025M potassium chlonde buffer (pH
1y, The mix was vortexed and then allowed to stand for 15 min. The absorbance was then
measured at 515 and 700 nm against distilled water in a UV-vis spectrophotometer {Cegil,
Aquarius 7400). The extract was also mixed similarly with 0.023M sodium acetate buffer (pH
4.5), and the absorbance was measured at the same wavelength after standing for 15 min, Results

were expressed as mg of cyanidin-3-glucoside cquivalent/ 100 g of sample.
Fotal anthocyanin content = A x MW x DF z 1000¢ £ x 0,01

Where, A (absorbance) = [(AS15-ATO0) pH LOA{AS515-AT700) at pH 4.5]; MW 15 equal 10 449.2
imolecular weight of cyanidin-3-glucoside); DF is the dilution factor of sample; & is the mofar

absorbtivily of cyanidin-3-glucoside, equal to 26,904,

10
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Ascorbic acid determination by Indophenol method

Ascorbic acid content was determined by using the 2, 6-dichleraphenoal-indophenol dye method
of Freed (1996). The 2.5 g of samples were ground with about 25 ml of 4% oxalic acid and
filtered through Whatman MNo. 4 filier paper. The filtrate was collected in a 50 ml volumetric
fask and the volume was made up with 4% oxalic acid and titrated against the indophenols dye
to a pink point. The amount of ascorbic acid was calculated, using the formula given below, and
expressed as mg/100 g on a fresh weight (FW) basis.

[

Ascorbic acid (mg/100g) = Titre value x dye factor x vol. madl:f Aligout of extract taken for

estimation x Vol. of Sample
taken for estimation

Statistical analysis

All experiments were carried out at least in triplicates and presented as mean + standard
deviation of mean (S.E.M) using SPSS version 11.5. The data were statistically analyzed by
Duncan's multiple range tests at 5% significance level. For the pasteurized and spray dried data
of fruit, Paired student t-test was conducted at 5 % significance level.

11
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RESULTS AND DISCUSSION

Part A:

{i} To measure the antioxidant capacity in fresh and processed viz. conventional boiled,
steamed and microwave cooked vegetables of Assam extracted in four different solvents

vir. waler, eihanol, methanol and acetone.
Toral phenolic contemt (TPC)

TPC in the vegetables that were cooked by different cooking treatments got extracted in all the
four solvents but in different amounts (Table 2). In most cases, there was statistically significant
difference in the amount extracted by the four solvents. Cooking treatments weré alse found to
affect the TPC in vegetables. Steam cooking retained maximum TPC in cauliflower florets.

Methanol extraction of cauliflower florets gave highest value.

In green pess, processing had a negative effect on pea. The TPC in green pea was observed 1o be

more snluble o water than the other solvents

Raw banana blossom was found to be very rich in TPC with acetone extraction showing the
highest extraction. Maximum TPC was observed in acetone and water extract of steamed
samples. But for steamed ethanol and methanol extract a decrease in TPC values was observed.

Owverall, steaming retained TPC while microwaving and boiling had a negative impact.

In the case of brinjal, maximum extraction was obtained in ethanol and acetone. Heat had an

overall increasing effect in the TPC valuves,

For bestroot, steam cooking showed values of 684.2] -1063.89 mpGAE/100g for all solvents
compared to 1207, [0-3378.79 meGAE |00y for raw. All cooking treatments increased TPC in
all the solvent extracts except in some cases. Steaming enhanced TPC the maximum followed

closely by boiling.

In case of tease] gourd also, the TPC content increased on cooking by all treatments than the raw,
The maximum TPC was observed in acelone extract of boiled samples 22.67-210.33

meGAES00g

12
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Cooking caused a detrimental effect on the total phenolic content in all the samples of black eyed
pea except in boiled sample.

It was observed that cooking caused a sipnificamt change in the phenolic content in the selected
vegetables, Usually, thermal treatments have destructive effect on the phenolic compounds as
they are highly unstable compounds. But again, the decrease in phenolics depends on the severity
of the heat treatments, exposure o the air, light, leaching of soluble phenolics into the cooking
water ctc, Usually, phenolics occur naturally in free and bound form. The free phenolics are
easily extractable in solvents but the bound forms get extracted after cooking when heat breaks
and softens the cellular matrix releasing the phenolics. Again, the phenolics can be hydrophilic
or lipophilic depending on their solubility in water. The overall difference in the results of the
total phenclics of the selected vegetables was due to the presence of different phenolic groups in
the vegetables and their susceptibility to change or destruction during the three cooking
treatments {Bernhard: & Schlich, 2006) and Onally, their solubility and extractability in the four

selected solvents according to the polarity of the compounds present.

Table L. Changes in total phenolic content (mglAE 00g fresh weight) after cooking and extraction

different sobvents

Treatment Haw S el Microwaved Boiled
Cauliflower

Norets

Water 67544+ 0.11° 67568 £ 0.19° 31212 £ 014" £31.07+ 011"
Ethanol &00.88 4 0,39° 81532 + 0.15° 136,48 + 018" TI7.51 £ 011°
Methanol BIS.79 % 0.10F 950,45 £ 0,25 355,34 £ 0.11" 627.12 = 0.16*
Acctone SE3IZIL002° 684,68 « 0,297 20009+ 017" 446,33 = 0.29%
Green pes

Waler 5507+ 0.11° | 6869 £ 0| 0" 165.71 = 0.38" 138.54 = 012
Ethanol 15042+ 014" 11717+ 0.12F 10286 = 0,11° OsRE+ D18
Methanaol 16087+ 0,15 |43.43+ 014" 10952 = 027 10730+ 112"
Acetone 184.06+ 0.11° | B0 10 0,07 144,76 £ 0.15" 105.21 = 0.16°
Eamina blossom

Water 202963 = 0.24" 2780 00 £0,27° 1400.00 + 0.3 1° 57692 +0.19°
Fthanol 313703 & 022 1633 33 &0, 16° 1441 67 +0.13" R46.15+0.31°
Methanol 1540.74 + 0.1 4" 1586 67 &0, F2¢ 157083 +0,19° 93589 + 0.20°
Acetone S481.48 + 029 GETCN 40,20 S1000.00 & 0, 28" 231051+ 0.21°
Brinjal

Water 278,22 DT 595,14 2 (), 15° 498,62 £ 0. 12* £14.91 = 0.12°

13
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Ethanol 45032 % 0.10F  621.69+0.18° 526.17 £ 0.21° 688,35 £0.15°
Methanol 343.83 4 012" S74.07+0.11¢ 44628 £ 0186 SES36£0,12°
Acetone 43832+ 0.15" 602,17+ 0.15° 484 85+ 010" 644,99 & (.06"
Bectroot

Waier BE3.33 40,14 33787001 C Tod4. 58+ 012" 1159.62 + 0,20
Ethanal 684,21 =022 120710+ 0.17° 1091.55+ 018" 1408.45 £ 0. 14¢
Methanol 216.76 £ 0.15° 1353.06+ 0,14° 102582 0.11" 1415492 0.18°
Acetone 106389 £0.19* 2003.03&0.01° 866,67+ 0,15 143427 + 0.22Y
Teasle gourd

Water 3. E04 (3,500 353,854 0, 14" 2434+ 0.11° 122222+ 0.15"
Ethanol T97.22 =0.15" 1105.12 £0,17° 100667 = 0.15° 166969 £ 0,23
Methanol 886,11 £0,13° 1225.64 +0.09" 106667« 0.11° 151818 20.11°
Acetone 116667 0,18 1230.77£0.15 146,67 % 0.17 1912.12 £ 019"
Black eved pea

Water 1069 0540, 28¢ 514,812 0.19" 627.27+0.20° TRIEIL 0. 10°
Ethanaol 206667+ 0.31° BO1.B5£0.11° | 318,18+ 0.24" 1378.79+ 026"
Methano 1504. 76t 0.25" 735.19£0,15" L0303 017 1293.93+ 0.11"
Acelons 2059,52+ 0,22 1420.37& 027 | 8§78, 76 0, 18" 138182+ 015"

* Means with the same letter within row are not significantly different at P<0.05 by DMRT.
Superscript of DMRT describes significant difference between the treatments

Total Flavonold conpent (TFC)

The TFC in the selected vepetables showed varied results depending on the cooking treatment
and extraction solvent. The results are shown in Table 3. Cooked cauliflower forets showed
decrease in TFC when compared 1o raw florets. Maximum extraction cccurred in water and
ethanol. In green pea, maximum exiraction was in acetone, Maximum loss in Aavonoids was
observed in microwaved samples. Except in water extracts of steamed and boiled samples, other
treated sample extracts showed a decreasing effect on cooking. Similarly, TFC also decreased in
drastically in boiled banana blossom. Water and acetone exhibited maximum extraction. In
brinjal, cooking overall had a positive effect on the flavonoid content. Like brinjal, cooked
beetrod showed increased TFC when compared to raw beetroot, Steaming and boiling had
positive effects on the TFC. In teasel gourd, TFC increased in water extracts of all the cooked
samples but the other solvents showed an overall decrease in THC on cooking, The decrcase
could be due 1o polyphenol breskdown of the flavonoids as different flavonoids have got

different susceptibility to temperature.

The TFC in black eyed pea showed a negative effect upon cooking. Maximum decrease was
ohtained in steamed samples.

14
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Table 3. Changes in total flavonoid content (mgQE/100g, dry basis) after cooking and extraction

in different solvents

Treal ment 3 Raw Sieamed Mierowavedl Railed
Cauliflower
florets
Water 12281 023" 114.86 0,27 59.09 & 0,20" 90,39 = 0,29"
Ethanol 267.54 + 0,26 136.26 £ 0.23° HHHZ£0,13" 04,63 =0.23"
Methanol [71.05+0.18 45.04 £0.15 40,00 & 0,06 7345+0.21"
Acetone 452 46+ 0.11* 102,48 £ 0.09" 8712 %0,13" 142.66 + 0.1 8
Creen pea
Water 2464 + 0.03° 66.67L0.11° 18.81% 0.13° 53.13=0.11"
Ethancl 4520+ 014" 39,89+ 0. 16" 2119+ 0.23" 44,27 0.37°
Methanol 12.32 0,13 783015 7. 142 007 1146 0.13"
Acetone 329720011 26.7T£0.11° 19.05& 0.11* 2318 0.11"
Banana hlossom
Water 21081+ 0.14¢ 150,17+ 0.11° 133.33+ 021" A3 46+ 017
Ethancl 15,925 0,11%° 30,33+ 0,17 10,58+ 0.11°" 1808 0.11™
Methanol 10,67+ 0,09 17,174 0.185 6.42=0,11% 2192+ 0,107
Acetone 359,26+ 0. 10" | §0.83+ 013" 27396 (.13 6731+ 0,15
Brinjal
Water 0 742 0,1 1° 246,032 0.10¢ 158402 0.04" 168.0240, 117
Ethanol 120,26 0,22 173,044 0.1 1° 141 87+ 007 155 15 0.19"
Methanol 91.21= (L 16" 126,324 0.06° Of 48+ 0.03° [13.14+ 013"
Acelone 125,32+ 0.11° 152,124 0.17" 120,52+ 0.11" 171414 0 10F
Bectroot
Water 30486+ 0,127 325.00= 0.10° 20682+ 0.01" 305,73+ 0.19"
Ethanol 146.89+ 0.16" 250,49 0.11° 169,01+ 0,18" 315,14+ 0.13°
Methanal 148,15+ 001" 252,464 013" 16843+ 0.13 32512+ 0.01°
Acetone 20H0 G, 1 6 358,13 07" 137.91+ 0.10° 303,002 016"
Teasle gowrd
Water S7.64+ 013" 91.03% 0, 14" 108,33+ 013 90.91 = 0. 10"
Ethanal 11597+ 0,15 T2432017" 55,00 + 0,05 7576+ 0.13"
Methanol 51394001 33.33+£0.03" 4333+0.11° 3939+0.11"
Acelone £7.03 + 006" 74,36 +0.11" 41.67+ D.03" B7ER£0.15
Mack cved pea
Water 0893£0.14° 75,00k 009" 13864+ 0.27" 131,82+ 0.01"
Ethanal TE214+011° 128.47+0.17 23750+ 023" 206,626 0.1 7
Methanol GO TIE 018 65,28+ (0.08 188,649+ 0.21" 106 824 0,13
Acelone 495,83 0.20° 160,442 0,19° 20318+ 0.19° 246 50& 0,10

# Means with the same letter within row are not significantly different at P<0.05 by DMRT.
Superscript of DMRT deseribes significant difference between the treatments
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Ferric reducing antioxidant potential (FRAP)

The vegetables showed significant changes in the FRAP values upon cooking (Table 4}, The
cauliflower florets on  steaming showed an increase in the FRAP wvalues (6021.65-
13951 45uM/100g) as compared to the raw sample (2725.99.3044 32uM/ 1 00g) except in some
extracts of microwaved and boiled samples. In case of green pea, cooking caused an increase in
the FRAP value on most of the cases with exception in the methanol extrects of steamed and
microwaved peas. Steam cooking increased the FRAP wvalues of acetone extract of banana
blossom to a maximum of 64525 46pM/ 100z as compared to 55825.62pM/100g of raw blossom.
But microwave and boiling treatments had an adverse cffect on the FRAP values of banana
blossom. Maximum extraction was in acetone solvent. The FRAP in brinjal showed an
ncreasing trend after the cooking treatments. Maximum increase was observed in boiled samples
(3137.76-5429.46pM/100g) followed by steaming and microwave cooking. Similarly, in
beetroot #lso an increase in FRAP values was observed except in microwaved methanol extracts.
The teasle gourd also showed an increase in FRAP values on cooking, The highest value was
observed in aguecus extract (3665.12-14762 21 pM/100g). But, exception was observed in case
of acetone extract of microwave cooked samples where it showed a decrease to 925.93uM/100g
from initial 2372.69uM/100g in raw. Likewise, FRAP values in cooked black eyed pea showed a

decreasing trend with maximum destruction in steam cooked samples.

The possible reason for the above results could be that there are many hundreds of different
antioxidants in food, and each has different characteristics of reacting to the changes i their
cellular matrix cansed by heat treatments or cooking, Cooking might have promoted a
polymerization of polyphenols resulting in higher antioxidant activities (Nicoll et al.,, 1999,
Steaming showed overall increase in antioxidants activity for all the selected vegetables with the
exception of one or two vegetables. This effect is perhaps due to production of redox-active
secondary plant metabolites or breakdown products, but is highly likely to be related to release of
antioxidants from intercellular proteins, chanpes in plant cell wall structure and matrix

midification { Rechkemmer et al., 2007

Tahle 4 Changes in FRAP (uM/ | B0g, dry basis) after cooking and extraction in different solvents

Treatment Haw : Steamed

Microwavcil Hpii_-r.rl -

16
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Water 304432 {1137 1395145+ 0.11° 630261+ 013" JG68I30: 001"
Ethanal 30403734 0,23 084317 0,13" 3581418 026" 62T A6 009"
Methanel 272599+ .19 752315 0,18° 4B60.BSk 018" 653240+ 0,13
Acetone 2786462 0.11% 602165 0,16 242003 0.11° 404112+ 07T
Gireen pea

Waler 41767+ 0.04* 77811+ 0.11" T44.05 0.10" 716,15+ 0.07"
Ethanol 603,86+ 013" 65586+ 0.14" AT 58 013" 455732 013"
Methanol 649,154 011 70146+ 010" 651,45 0,06° 792,104 0.11"
Acectone 10346,6.3 010" 512 0 0,04 684 52+ 0.03° SHO.S54 005"
Banana blossom

W aler 16319,44+ 0.33° 3097222+ L13° 10329, 86+ 0.37" 517272+ 0.39°
Ethanel 149586.27+ 0,13 13437.50% 0.2T° 12254,054 0.17" T060.18+ 0.23°
Methanol 3957047+ 0,19 1574537 15 13729.75¢ 0.15" ToRY A0 0.29
Acetone B5R25.62+ 020 6452546+ 0.18° 44849 544 0.13" 2014779 0.34°
Brinjal

Waice 1038.93 013" 183706 011 187480+ 0.13" 523185+ 0.110°
Ethanol P70, 20 0,0 17 339E.Tde 010" 190351 017" S42% 46 0.13°
Meihanol 2004, 94 0,13 29H538: 007" 230000+ 0.14° 157,762 0L16'
Acetone 269758+ 0,16" 3453 85 0.13° 265907 0.15° 540123+ 023
Beetront

Water 4480.72+ 0.13° 895702+ 02T 630868+ 0.23" B0, 30+ 0.34°
Ethanel 115,18+ 0,15 12683 844 0.24° BGI535+ 027" 172845594 0,27
Methanol TESL0AL 0.17" 1362070+ 021" TESR.08L 017 13244.984 027"
Acetone T154.27+ 027" 1616261+ 0.28° B72%. 46 029" 12796692 0.21°
Teazle gourd

Water 366512+ 027" 13532, 764 0,15 a7 04+ 011" 14762212 015
Ethanal 264,582 0,15 SHITHRE: 0T 350308+ 0.25° B406.09= 011"
Methanal 6713+ 0,190 11965 81+ 0, 11° THE4 04+ 027 14215.07+ b.0s*
Acetone I3T2.6%: D.25° 310719+ 0.1% 92593+ 0,35 407197 a7
Black eyed pea

Waler 7155262 L 1° 473573 0.39° 5713538 0.41° 632891 0.2F
Ethanol 2019296 + 0.12° 740,89+ 0,19° 1156364+ 011" 13257,58+ 0,17
bethanol i L2 10,44= i, 30" 70332 024" BETio s 018" T3 A2402T
Acelone 22656.255 0,53° 632891 028 187500004 0.23" 2716225 0,19°

O 0 0 @ 9 O O 9w w w oo W P W B W W W W W W W W

* Means with the same letter within row are not significantly difference at P<(L05 by DMRT.
Superscript of DMRT describes significant different berween the treatments

DPPH radical scavenging activin

The DPPH radical scavenging activity of the vegetables showed differem changes with the

cooking treatments as reported in Table 3. The raw cauliflower Horet showed highest activity in
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the methanol extract (30.71%). On cooking, microwaving and boiling treatment caused a
decrease in DPPH activity, Steaming had a positive effect on radical scavenging activity, In
green pea also, an increase was observed on steaming but other treatments doesn't show any
significant difference on cooking. In case of banana blossem, raw sample showed geod DPPH
activity (78.71-92.15%). On steaming, good amount of the activity was retained bui microwave
and boiling treatments seemed to have a negative impact on the radical scavenging activity. But,
acetone extract of all the samples did not show major change in their activity. Again, this could
be attributed to the different solubility pattern of the phenolic compounds responsible for the
DPPH activity in the selected solvents.

In brinjal all the treated samples showed a good increase in the DPPH activity than the raw
{2.54-10.66%). Highest activity was found in steamed brinjal (29.64-45.61%) followed by
microwaved and boiled samples.

The DPPH activity in beetroot also showed an inereasing trend on cooking. Highest activity was
recorded in steam cooking (51.38%4) followed by beiling and microwave cooking. In teasel
gourd, the DPPH activity showed manifold increase than the raw one. Highest value was
observed in boiled samples (48.65-59.89%5) followed by microwave and steam cooking.
However, in black eyed pea cooking decreased the DPPH activity in most cases compared Lo the

raw samples,

The above increase in DPPH activity in the cooked samples could be due to the increased
extractability of the phenolic compounds. Manzocco et al. (2001) and Nicoli et al. {1999) have
reported that, in some cases, processing causes cnhancement of antioxident properties of
naturally occurring compounds or formation of novel compounds such as Maillard reaction
products having antioxidant activity. Moreover, the lipophilic phenolic compounds could play a
major role in the DPPH antioxidan activity as they usually do not get leached oul into the

cooking medium.

Table 5. Changes in DPTH (%, fresh weight) after cooking and extraction in different selvents

Treatment Haw ; Steamed Microwaved Bailed

Canliffower

forets

Water 24,454 (.35" 41424 0,15° | (.86 0.14" 12,08+ 015"
18
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Ethanol 880+ 0,39" 30.72+0.25° 4.06% 0,25 34.30£0,17°
Methanal 30,714 0,15 34.53+0.11° 11.45+0.15* 2620+ 0.10°
Acetone 730+ 0,17 19.532 0.1 8° 11,77+ 0.18" 11.004 0.12"
Gireen pea

Water 528+ 0.15° 13.05+0.10° 6.52+0.15" 6.82+ 018
Ethanol 510+ 011" 13.46+0,15° 6.07=013" 7.08+ 0.20°
Methanol 6.03+ .05 18.08+0.11" §.88=0.11" 8.65+ 015
Acetone 735+ 007 10,30 0.16° 10.23+0.11° B.51x017"
Banana blozsom

Water BY. 334 (358" 02 054 028" 82 54+ Ili'.Eb 48,39+ 0, 38"
Ethanol 78,71+ 0.25° 81.65+ 023" 62.52+0.26" 62.02+ 0.28"
Methanol 92,154 019" 00,44+ 0.15° 68.24+0,23" 7117+ 0.23°
Acetone 91.19+ 0.31" 02 8O+ 0.21° 9027+ 0. 18" 01.45+ 026"
Brinjal

Water 2. 54+ 0.08" 29 64+ 0,18 27.74+0.18° 1987+ 0.28"
Ethanal 13.98+ 0.28° 4143+ 0.28° 20,57+ 029" 27.99+0.29"
Mathanol 768+ 0.22° 43,08+ 0.18° 3100+ 0.27° 2783+ 032"
Acetone 10,66 0.21° 4561023 37.20+0.21% 34.63% 0,38"
Beetroot

Water 3.36+ 015" 43.R81+0.28° 1932+ 0.21" 2745+ 0.28°
Ethanaol 20704 0. 28" A2.70+ 0.25° 3126+ 'EI.EHI’ 37.31+025
Methanol 23.97+ 0.20" 49 66+ 0.28° 36,544 0.19° 30.66+ 0.22°
Acetone 24.962 0,23 5138+ 030" 35.2140.26" 4148+ 0,27
Teasle pourd

Water | .80+ 008" 312,22+ 008" 42,09+ 0,05 52 894 0,03°
Ethanol 2.98= 0.28" 14,54+ 0,18 37.00% 0.28° 54,32+ 0.18%
Methanal 502+ 037 34 44+ 0.22° 41.87£0,33" 50.894 (28"
Acetone 0334 0.0 19 104 0,28 35,524 0.37° 48 652 0.30°
Black cyed pea

Walter 57,82+ 0.16" 37.85+0.10" 30.88£0.17" 25,65+ 022"
Ethanal 91,90+ 019" 70,02+ 0,12 72. 104 0.12° 76,49+ 027"
Methanol 8% 8654 0.21° 67 94+ 0.27" 54.78+ 0.31" 61.30£071°
Acclone 91061 011" 75,82+ 023" 80.43+ 027" 01,342 025"

THE ENEN EEEEE R EE"TET"EEE EREE E"TE e

* Means with the same letter within row are not significanily different at P<0.05 by DMRT
Superscript of DMRT describes significamt different between the treatments

Meial chelation copacity (MCC)

The MCC of the caulifliower florets didn’t show much variation between the cooked and raw
samples in most cases (Table 6} But in green pea, a maximum increase in MCC was observed in
water and acetone extracts of steamed and microwaved samples compared o raw sample.
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Boiling did not show major change in MCC except in the aqueous extract where it recorded
11.64% compared 1o 2.21% in the aqueous extract of the raw. Likewise in banana blessom and

brinjal, the MCC showed no major change on cooking except in one or two instances.

Interestingly, the beetroot didn’t show any activity for MCC both in the raw and cooked samples.
In teasle gourd, MCC decreased on cooking when compared to the raw sample (10.12-17.46%).
The decrease was more in boiled samples followed by microwave and steam cooked samples.

In case of black eyed pea, except raw aquecus extract cooking enhanced the MCC values in all

the samples.

Again, the pattem of increase or decrease in the MCC could be due to the different solubility
behavior of the antioxidants in the selected solvents and effect of heat treatments on the

characteristics of the compounds responsible for the MCC.

Table 6. Changes in MCC (%, fresh weight) after cooking and extraction in different solvents

Treatment Raw Steamed Microwmved Boiled
Cauliflower
Morets
Water 3,152 0.08" 3955 0.11" 5,36+ 0.18" 4,75+ 0,137
Ethanol 7.9440.11" 4.48: 017" 4,32+ 0.10" 6.88+ 0.19°
Methanol £.532 0.10° 3,68+ 000 541:011" 5.02:0.11°
Acelone 5,79+ 0.15 589+ 016 5.17£ 012" 4.97+ 014"
Gireen pea
Water 2214 0.15° 14.67£0.11° 9,80+ 0,14 | 1644 016"
Ethano! 797 019" %004 03" 7.97:0.01° Q0%+ 0107
Methanol B.OIx0.01" Q.92+ 010" §.53+ 008" B9+ 0.11°
Acetone 6264 0.12° 836: 015 7.2+ 013" .60+ 0.17°
Banann Blogsom
Water 598+ 0.11" 884+ 010" 10,754 0.11° R.02+ (.06
Ethanol 10,324 0.06" | (.66 0, 11" 10.03+ 0,15 H.65+ 0.11"
Metharol 9 B9+ 017" 9.31+0.18" 12,73+ 0.19° 7.48+ 0,13
Acelons .08+ 012" 735+ 011" B.20 D.0O8 9.23+ 0.10"
Brinjal
Water 6 Bt (.04° 439011 5.64+ 0,19 621+ 0.11°
Ethanal 6694 0.03° 7.03: 0.07 5.864 013" 4.68+ 012"
20
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Methanal 798 011" 6650.11° 9,18+ 011" 714 017"
Acetone 7 fi6e 0.13° 5544 0,16 8.72+ 0.10° 11.87+0.15
Teasle gourd 10,122 0.11° 7.94+ 005" 3.99+ 010" 4,564 0.11"
Water 17462 0.10° 8.7% 0.03° 888+ 011" 3.99: 0.16"
Ethanol | 3,692 0.06° 8.76:0.11° 437+ 0.13" 3.37: 014
Methanol 14.42< .07 7.34%0,13% 7.43+ 0.15° 3.51+ 010"
Acelnne

Black eved pea 4.01£0.06° 2.27:0.11° 3.40+0.17° 3.1 8+ 0.09"
Water | BOs) 05" 3.630.13" 3.28=011° 3.02+0.07"
Ethanol 1. 980.02° 4,304 0,11° 4.8440.11° 3.33= 011"
Methanol 2.72:0.10" 2.1 1+ 0.09" 4.61+0.10" 318+ 0.14*
Acetome

“#* Means with the same letter within row are not significantly different at P<0.05 by DMRT.
Superseript of DMRT describes significant different between the treatments
(i} Changes in TPC, TFC, FRAP, DPPH and MCC of accione extract of the selected
vegetables after giving cooking treatments

After referring to the above discussed results, it can be inferred that acetone can be the most
suitable solvent for the extraction of phytochemicals. Therefore, the vegetables mentioned below
(Table 7} had been extracted only in acetone and analyzed for their phytochemical content and

antioxidant activity in afler cooking reatments.

The change in the phenolic and antioxidant activity in cocked cabbage was siudied using only
B0% acetone 45 an extracting solvent. The results were reported in Table 7. It was observed that
steamning increased the TPC but boiling had a drastic effect on it. lsmail et al. (2004) showed that
heating decreased the TPC in cabbage, kale and spinach. However, TFC showed an increase to
£5.45mpg/100g and 69.88mg/100g in stzamed and microwaved samples, respectively when
compared to 35, 14mg/100g in the raw cabbage. FRAP values decreased in microwaved cooked
and boiled samples. Highest decrease was observed in microwave cooked samples. But stcaming
had a positive effect. Similarly, DPPH activity also decreased dmstically from 30.62% in raw 1o
2.37% in boiled. 3.59 % in microwaved and 6.16% in steamed cabbage samples. The cooking
treatments did not have much impact on the MCC values of microwaved sample but showed a

decrease in steamed and bueiled samples.
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The TPC in bottlegourd showed no significant change apart from steamed sample on cooking,
But showed a decreased value for TFC and FRAP. However, increased DPFPH activity as well as

MCC value was obtained after cooking treatment with exception in microwaved samples,

Similarly, in radish decrease in TPC was obtained however steaming retained much of the
phenolics compared to microwaving and boiling treatments. Steaming increased the total
flavonoid values. FRAP values increased on cooking m all the samples with maximum value
exhibited by steamed radish. But cooking had a detrimental effect on the DFPH activity.
Howewver, except boiled samples, cooking enhanced the MCC values. In tomato, except boiled
samples, other two cooking treatmenis enhanced the phenolic content. Also an increased TFC
was observed. Similarly, an increase in MCC values of steamed and microwaved samples was

observed, But DPPH showed a decreasing trend on application of heat.

Kharua brinjal showed good phenolic content. Cooking enhanced the TPC as well as TFC except
in boiled sample. Similarly, an increase in FRAP values was observed on cooking. Except in

some cases, [PPG and MCC values also showed an increasing effect on cooking. In case of

knol-khol, cooking caused an increase in TPC, TFC and FEAP. Maximum increase was in
microwaved sample. Minimum DPPH and MCC values were shown by boilad sample.

Except in boiled carrot, cooking inereased the TPC in steamed and micirowaved samples.
Enhanced TFC was observed on cooking with maximum effect in stecamed sample. In case of
FRAP, steamed samples showed no significant change compared to the raw untreated carmol. But

an increased DPPH activity and metal chelation capacity was observed post treatment bul with
SOME exceptions.
Lastly, in roselle leaves (red variety) cooking had a detnmental effect on the phytochemical and

antioxidan! activities, When compared to the microwaved couking and boiling treatments,

steaming retained good phytochemical properties except the metal chelation capacity.

So overall, cooking had caused a decrease in the total phenolics, Pavonoid and antioxidant
activity in the raw cabbage. The reason behind the decrease could be the different characteristics

of the compounds responsible for antioxidant activity and their solubility in the extracting

solvent.
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Apart from solvent used for extraction, the antioxidant activity is likely to depend on several
factors, such as the cooking procedure, degree of heating, leaching into cooking medium, pH,
and surface aren exposed to water and oxygen. Moreover, different plants contain various
compounds some of which are thermally labile and some are not and therefore, the same cooking

method may have different effects on different types of plants {Bernhardt & Schlich, 2006).

The result presented here clearly shows that cooking can make the polyphenol and antioxidant of
eooked food guite different from that of uncooked food. This is probably due to variety of effects
like destruction, release and transformation of the phytochemicals. In the present study, steaming
showed an enhancement in the phytochemicals and antioxidant activity followed by
microwaving and then boiling. The extraction yield of the solvent also varied for different

solvent but extraction was more in acetons and methanol followed by ethanol and water,

From the above results, steaming is the preferred cooking method for the studied vegetables to

enhance the potential to obtain phytochemicals with antiexidant activity.

Table 7.Changes in TPC, TFC, FRAP, DPPH and MCC of acetone extract of the selected
vegetahles after giving conking freatments

Treatment Raw Steamed Microwaved Boiled
Cabbage '
TPC {mgGAE/100g) 166,6420.23" 567, 1440, 29° 27070, 11" 250.00:0.05*
TFC{ug/ D0g) 15.14+0,19" 85454025 B9 880, 19* 46.41£0.17°
FRAP{ M/ 005 1512.93+ 028 2235.4520,12° 425 7540 14 I {03,120 28"
DPPH (%) 3062+ 0,18  6.16x0.14" 3,59+ 012" 237+ 013"
MCC (%) 7,38+ 0,19° 6.28+0.10° 7.552 0.7 5.98+ (.|5"
Bottlegowrd
TPC (mgGAE/1 00g) 4046250 29" 31915027 193 5440 19" 1863640297
TFC{pg/100g) 125,000,125 58.5140.22° 45 45£0.32° 73,860, 13°
FRAP{pM/100g) 3356, TIH0IT 1548194019 30| §. 750,20 2913.75+0.19"
DPPH (%) 3,770,007 25.58+0,] 5 18.1740.13" 22.03£0.16°
MOC (34) 1,8040,07" 5.73%0.11° 228010 7640 10F
Radish
TPC impGAE/100g) §37.5040. 16" 6477324023 493 5120, 22" 137.35+0.17"
TFC(pg/100g) 4531007 60.61+0.11° | 0 48£0. 14" 22.5%0,05°
FR AP (uMA00g) 1862 4440,1 1" 3176.2540.39" 2182.50£0.29" 2066 48+0.11"
DPPH (%) 21724007 2. 86+0.05" {520,053 3.06+0.06"
MCC (%) 1, 1 8£0.05" &, 280, 10" 6. 55+0, 09" 3690 10"
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Tomabo
TPC (mgGAET00g)

TFC{ppf100g)
FRAP{ b/ 00)
OPPH (%)

MCC (%)

Kharua Brinjal
TPC (mpGAE/D0g)
TFC{pg/100g)
FRAP{pM/100g)
DPPH (%)

MCC (%)
Enol-khol

TPC imgGAENDDZ]
TFC g/ 100g)
FRAP{uM/ [z)
DPPH (%)

MOC (%)

Carrot

TPC {(mpGAEN0p)
TFCipg/ 100g)
FRAP{pM/1002)
DPFPH (%%)

MOCC (26)

Roselle

TPC (mpGAE/00g)
TFCiug/100g)
FRAP{uM/1002)
PPH (o)

MCC (%)

Total anthocyenin content

443 66+0.11°

112.68+0.13"
2151.8040.1 7
16.1 8+0.10°
4,66:0,08"

1516.1340.12°
446, 240,08
923, 372+0.26"
47.79+0.1 8"

4. A6+0.07"

199.47+0.22"
15.2920.25"
331 760,117
4700107
4080, 00"

206.52:0.31°
40, T6+0.23"
1148.72+0.21"°
3.87+0.15°

4. 2940 09"

EANENRE N
269 75402
4487 644077
64, 150,21
6.1 120, 20"
38,2240 19°

633330197

216674024
4652 7840.23°
44.1140.15"
2.63£0.04°

2440 4440117
520, 4940 34°
19505.2420.37°
85.5040.21°

3 140,04

386.3640,23°
40,72+0.11F
1561 BB+0.33°
1.72£0.03"

5.7 500"

326614023
Bl.aSal 22°
1131714035
|06, 13"
46040 10°

21 78.5740.25°
190.630.34"
12812540, 23°
48 ToLD 227

4. BB+ (6"
32.4640.11"

§77.50+0 07

213.3640, 19°
3621.89:0.11"
44.78+0.13%
4.85+0.10

2617 650,34
£37 8raf 11"
12165 8540.32°
61.22:021"
5.14+0.10%

564, 360,13
45.79=022"
2084 712042
69340201

| 92+0.07"

S08.47+0.11°
133.4720.1 3"
1995, 7+0.1 7
T, 300,09

5. 37+0.06°

1723, 140.33"
[ Fe 750 12"
2434 0340 39"
34 2620.09"
7.43+0.02"
19.28+0.11*

485.50=0.17"

182.97+0.21"
5308.98+0,27°
431,4040.10%
326016

1623.2020.11®
375.00L0.09°
14049 _88+0,41"
44 5840 39
3.37+0. 00

340.5220.23"
35.56+0.21"
1200 7640, 26"
0.B6=0.05"

2. 7620.11"

253.33+0.27"
59,1 740,29

| 755 60+0.37"
6.2340.22"
22740107

1487 800,29
104, 5020.23"
1906 2540.21°
41.31+0.09"
5.03+0, |0
30,300,113

Superscript of DMRT describes significant difference between the treatments

{iii) Phytochemicals and antioxidant activity of the selected fresh vegetables

Three vegetables viz., ridge gourd ( Luffe acutaneula), ivy gourd{Coceinia grondis) and french

bean (Phasealus velgaris } was found o contain very low amount of phenolics and antioxidant

activity compared to other vegetable samples, Therefore, only the results of the uncooked sample
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extracts had been shown (Table 8.) and discussed. All the raw uncooked vegetable samples
showed phenolic content between the ranges of 20.00-89,00mgGAE/100g depending on the type
of solvent used for extraction, Highest TPC was observed by acetone extract of french bean
(89.00 mgGAE/100g) followed by Ivy gourd (37Tmg/I00g). In case of ridge gourd, ethanol,
methanol, and acetone extract’s TPC was more than the water extract. Similarly, maximum TFC
was present in French bean (8.17-41.42 mgQE/100g). French bean exhibited highest FRAP
values (83.33-685.76 puM/'100g) compared to Ivy gourd (35.07-144.00 pM/100g). The ridge
gourd didn't showed ferric reducing antioxidant potential activity. Likewise, water and cthanol
extract of ridge gourd showed no DPPH radical scavenging activity but methanol and acetone
exhibited 3.09 % and 3.50% DPPH activity, respectively. Similarly, water extract of ivy gourd
and french bean showed no DPPH activity at all. But the acctone extract of french bean exhibited
32.84% of activity. The metal chelation potential of ridge gourd is relatively high (16.87-
17.60%) compared to vy gourd (3.10-4.57%) and french bean (1.17-3.35%).The main reason for
different phenolic content and antioxidant activity values for the selected four solvent extracts is

due to different solubility and polanity of the phytochemicals.

Table 8. Phytochemicals and antioxidant activity of the selected [resh vegetables extracied
in different solvents

O G O P 9 U W W W = e own owwows W O S W W w vl e b e

Samples Water Ethanol Methanol Acetone
“Ridge gourd .
TPC (meGAEAODZ) 14,004 006 200000 11" 2300+ 0.11° 200,12
TFC (meQE/ 100g) 3.25¢ 0.03" 2.75+.07 3.25& 0.00° 3.5+ 0.04°
FRAP (M /100g) n.d n.d n.d m.d
DPFH (%) mied .o 300+ 01" 3. 5020, 00"
MCC (%) | 760 0,12" 18,58+ 0.1 8° 1821+ 0.17" 16,87+ 0.20"
Ivy powrd
TPC (maGAE | 00g)  29.00& 0.22° 11,002 0,23 32,00 0,22 37 004 0.20°
TFC (mgQE 100g) 7422 0,11 334 001" 4.42+ 0,10 0,25+ 0.16°
FRAP (pb/1 D0g) 144.00= 0.23° §5.07+ 0.29" 114,58+ 0.31" 111.11+ 033
DPPH (%) n.d 073+ 0.01" £.44 = 0,05" 0.5+ 0.02"
MCC (%) 4,322 0.00" 3,304 0.05" 4,57+ 005" 3. 10+ 0.03°
French bean
TPC (mgGAEND0g) 31,004 009" 52 00 (.18 B6.00+ 0.21" 8900 019"
TEC (mgQE/100g) K17+ 031 3375+ 03F 2558+ 028" 4142+ 0.23"
FRAP [pM/100g) £3.334 0.29° 331.59+ 0.41" 451,39 048 685, 76 0,35
DPPH (%0} n.d 1997+ 0.27° 2846+ 0.11" 32B4e 0,21°
MO (%) 1,22+ (.07 3,354+ 0.08" 1174 D03 198+ 001"
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& * Means with the same letter within row are not significantly different at F<0.05 by DMRT.
Superseript of DMRT deseribes significant difference between the solvents

Part B: To study the effect of minimal processing on the antioxidant properties of fresh
vegetables

The results are shown in Table %a. Ameng the three lots, loi2 (blanched) and lot3 (1% citric acid
+ascorbic acid dipped) showed highest phenolic content and antioxidant activity on *0" day in all
the vegetables compared to the control raw. In case of pointed and teasel gourd, phenolic content
increased with storage except in one or two cases. But, yardlong bean exhibited a decrease in
phenolic content in control raw (lot] ). The remaining two lots showed an increasing frend except
in some cases. But on 9" day, in all the samples, drop in phenolic value was observed. Similarly,
flavonoid content showed an increasing trend in all the three vegetables during storage but
decreased on 9™ day. The FRAP values for the three vegetables decreased substantially during
the storage period. In case of DPPH and MCC values, the vegetables showed a decreasing trend
and on the 9™ day no activity was detected except in yardlong bean where, DPPH radical

scavenging activity was obzerved

Table 9 (a) Changes in phytochemicals and antioxidant activity in minimally processed
Yardlong bean, teasle gourd and pointed gourd

TP TFC " FRAF DFPH MCC
Samples (mzGAENDDE)  (mgOE/ 100g) (u 1) () {%a)
Yardlong bean -
D=0
I 110,00+ 029" 42.00+ 0,25 450.45:0.31° 2423023 1878+ 0.21"
B 116502 042" 475t 091" | 058,56+ 027 56,494 0.20° | 7602 0,17
A 122,502 022" 575 025" 434.86£0.29" MO07E0E" 14 85k 034"
-1
R 10000+ 0,18 43,12+ 0200 17 G4 011" 3248+ 015" 427+ 000"
B 9850+ 0,19 4925 0.24° 3933017 27044 014" 4.78+ 013"
CA 183,00 0,28 4413+ 018" 6930+ 0,117 39,61+ 0.30° 2.87+ 0.05
D=
R |08.5+ 0.34° 50,25+ 040" i) 46s 0,23 31,752 0.26" m.d
B 134,004+ 0.43"  68.BR: 04T 67570195 31262001 075+ 003"
A [43.00£ 0,19 42,504 0.2 B7. 84+ 0 19° FT3RE0LTF i
-4
R 7300 019" 19130110 16.55+ 0.9° 22 36+ 018" n.d
B 109,50 0,340 26,004 0,19 45,56+ 021" 32 88+ 0,26 n.d
CA 13654 0,29 18.50+0,22" 7380+ 0.29" 43,17+ 0.30" n.d.
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Teasle gourd
D0

R 00.00= 022  Q.531+0m" 32018+ 009" LRI+ 020 17.48+0.13
B 89.50=0.28" 438x0.11" 194,044 048"  4.07+0.05" 13.20+0.11"
CA 141,502 0.27° 12754 0.010° 488571049  17.06:0.012¢ 16.99+ 0.09"
D-3

R 00,50 0,27 575+ 004" 20,444 0.33° 230+ 0.05" 1667+ 0211
B 134.50% 025"  4.25+ 0.02° 25.64+ 0,110 9. 56+ 0.11° 287+ 0.16°
CA 10508 0.43° 625+ 0.04° 147340117 4 56+ 0.07" 1. 48&0.11°
D6

R 106,00 0.31* 13502017 17.33% 0190 §.23& .17 612 0.07
B 103.00& 0.33* 575+ 0.05" 6.93+0,11" 1. 78+ 002" 0.75+ 0.04°
ChA 163,50 0.29" 10,00 0.08" 53,534 016" RSN 0.68: 0,027
D9

R 1MIMeo 1" 885+ 008" 1230+ 021  nd n.d

B 79,00+ 0,18 6.13+0.13" .26+ 027" n.d nd

CA 117.50£ 0.25" 875 0.10" 21.39£023° nd nad

Pointed gourd

D0

R 325023 S50t 2772015 4.380.11" 1 8.8240.29"
B 40000030 11632013 6584 D0.11° §.21+0.13" 1858+ 0.18°
CA 71.50+0.20¢ 24.88: 0080 43314 038" §.21+0.11% 1956+ 0.11°
-3

R 68 500,23 983+ 000" 10,30+ 047" T.14+0.18° 1.53& .09
B 34,002 02T 12752 11" Bodd+ 0,167 694+ 0.11" 3.57+ 0.05"
CA 2RO0E0L19 T 02 1126 0.16° 548+ 0,13 437+ .03
D-6

R 48 50+ 0.27° 2163+ 0019 12652 0.11° 4,19+ 0,05 246 001"
3] 3650+ 035" 11752 0,15 3,464 000" 70014 0.27+ 0.01°
CA 6TAEOIT 23132007 12.47+0.11° 0.73 0.01" 2.154¢ 0LO4"
n-9

K 35,504 0.41" 10, 50 0.05° 1005+ 3. 11° (873002 n.d

R 200001 2075007 329+ 008 n.d n.d

Ca Se.00H 0415 S.75&0.01" 12,47+ (.08 f.d n.d

DMET. **R-control mw; B-blanched; CA-1% Citric acid+ascorbic acid

I'he effect of minimal processing of pumpkin and squash are show in Table 9-b. The
decrease in phenolics in case of contrel raw could be due to browning reactions where oxidation
of polyphenols oceurs. In rest of the samples, browning was somewhat checked due 1o blanching
and antibrowning agent treatments. Again, the increase in phenolics with storage could be the

result of processing induced damage (Babic et al., 1993}, Moreover, phenolic compounds mainly
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the bound forms remain in complex form with protein and carbohydrates in the food matrix.
During storage, number of biochemical and microbial induced changes occur resulting in
breakdown of these matrices that facilitates the release of phenolics into the extracting solvent
medium. Again, an increase phenolic and flavonoid values doesn’t always lead 1o an increased
antioxidant activity because different phenolic acid has got different antioxidant potential
depending on their structural conformations. Due to processing treatments, biochemical and
microbial induced changes, the native phenolic structure pets altered and this in turn changes the
free radical susceptibility and quenching activity, To ascertain the exact mechanism further study
of the individual phenolic compounds will be required to determine their antioxidant behavior.
Therefore, from the above results it can be inferred that during minimal processing treatmeni
increase in phenolic content was observed in all the selected vegetables until 6" day of storage
except in some cases. However, the overall antioxidant activity of the minimal processed

samples decreased with the increase in duration of storage,

Table ? (b) Changes in phytochemicals and antioxidant activity in minimally processed
pumpkin and squash

TFC TFC FRAF DFFH MCC

Samples imgGAEAME  (meQE 1Mz (uV/100g) (%) (%)
e 2 o i = aricel
D0
R 12,0040, 11" B+ 004" 95 20+0, 23" 22040, 157 6.82=0.11"
B 28.0040,17% 6.8840.03" A6. 780, 16" 3,300 23" 6.01=0.16"
CA 65,0040 09" 6.7520.10° 93 55+0,11" 5.6%+0.18° | 4,040, 12"
D-3
R 25.5040,12° 3,50=0.09° 34.65:0.23" 4300, 10° 4.1 7£0.08"
] 25,5040, | 8° 4.63+0.03" 55 4440, 20" 100 03" 6,000 27"
CA 57 004023 6. IR0 1T 50 1040, 1 8° 2.2540.07" 10744008
[¥=i
R 200 D0 09" 4,250, 10" 24, M0, 10" 19.6320.11" 7.71£0.03"
B | &R 1T 4374015 121 308" 18.5520.13" 3.0 10080
Ca 48.000.13° d, | 30067 69 304025 16, 0 1&0,09 2. 85£0.08°
-2
R | R S0e0. 1400 4 BR+0.11° R.67T+0.07* 17.4320,15* f.d
£ 16502007 4,00 b0.0* 15,5040 11" 16,250,211 1, 25&0.02"
CA 41002023 3.6340.04° 24554015 20.42+0.09* 3.2640.06°
Squash
(LEI]
R 13,0080, 10" 4380, 107 32 9240, 24° 4224017 0.59:0,03
I8
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B 19,0001 3" 4. 75+0.14" 19.060.12* [.35&0.02" 1,260, 13"

CA S0.5040.21° 4 #%+0.21" 76234017 3,170, 10" 5.48+0.21°

D-3

R 14, 5000, 10° 3.38+0.09° 5.19:£0,06" 2.46£0.03" §. 6, 22"

B 12, 500,08 2.75+0.05° 15.5%0.09" 3,39£0.07" 2.39+0.10°

A 0, 504004 1.38+0.03" 39.85&0.16° 1.63:0.07" 2.17+0.09°

-6

R 13.5040.01" 3.12%0. 10 B 6ha+0.10° 17.87=0.13" 65444023

B 12.500,13" 2.7540.2]" 3.46+0.06" (4.1 1=0,10¢ 4. TRH0.11"

CA I8.00+0.07° 2.62+0.11" 41,3140.08" [9.23=0.18° 3,590, 14

-9

R 1500010 2000, 06" B30 1" 87=0.02" n.d.

B | 100004 2.13:0.4° 19.0640.1 7" 14.11=0,09" | 890,05

CA T4 5040, 12° 2.88+0.25" 19.0640.05" |8.93=0.11° 4,940, 13"
* Nleans with the same letter between the treatments are not significantly different at P<0.05 by

DMRET.

¥* [ control raw; B-blanched; CA-1% Citric acid+ascorbic acid

Part C: To measure the antioxidant capacity in fresh and processed viz. pasteurized and
dried with different methods in fruits of Assam.

{i). Phytochemicals and antioxidant activity of the selected fresh untreated fruits

The following fourteen fresh fruits acetone extracts were studied for their phytochemical and
antioxidant activity as shown in the Table 10. The highest TPC was observed in Black jamun
followed by Litchi, Bogi jamun , Amia and Bael. The lowest value was exhibited by Watermelon
(28 mpGAE/100g) and Pineapple (32 mgGAE/100g). In case of TFC, Bael showed highest value
(33133 mpQE/100g) followed by Amia. The lowest value was shown by Bhimkal (4.73
mgQEA00g) and pineapple (2.00 mgQE/100g). Similarly, Bael, Amila, Gavava, Hogplum and
Carambola showed good ferric reducing antioxidant potential and radical scavenging activities
compared o the rest of the studied fruits. The MICC value was highest in Bael (69.00%) followed
by Pomiel [18.65%) and Carambola {15.95%). Therefore. out of the following selected fruits,
maximum of them exhibited good phytochemical properties.

Usually high antioxidant activity could be correlated 1o high phenolic content but in some cases
this doesn’t follow the same rule. Centain phenoclics have a higher redox potential than that of
ather phenolics and therefore can exhibit independent results irrespective of their total phenolic
comtent. Therefore, individual characterisation and identification of the phenclic compounds of
the selected fruits are required 10 understand the pattern of antioxidam activity showed by them,
The high flavonoid content in both ponial and black jamun could be due to the presence of
anthocyanin pigment which is a derivative of anthocyaniding, a subgroup of flavonoid having
wood antioxidant property and in Bael due to the presence of guercetin in abundance. Therefore,
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the selected fruits could be a naturally good source of phyvtochemicals and should be included in
the diet more often for their health promoting properties,

Table.10 Phytochemicals and antioxidant activity of the selected fresh untreated fruits
{fresh weight)

MName TPC TFC FRAF DFFH MOCC
(mgGAE/D0g)  (mg/100g) (nM/100g) (Vo) (%)
Bogl jamun 7255.00+ 045 18.85+0.12 218055t .19 58.31£ 027 6.16= 0,13
Litchi 2525.00£ 012  13.13:0.13 1581 60+ 0,13 94.012+019 8062 0.09
Pomiol 377 00 0,45 36.66c0.38 3288 280,40 0. %7+0.39 18.65:0,27
Rael $66.67£0.47 331332033 600972:0.38  92.82:0.4] 69.02:40.31
Bhimkal 6] .00 0.22 4. 750,12 OAL 000,31 B i, ] 14 1 E=0.13
Amla 192300026 152252027 6897572029 97174015 10.26+0.09
Olivs 6809 3050021 654, 510,38 439710019 9.93:0.11
Letekuy 105504028 43.0020.19 212847042 49,1240.22 11.5440.17
Cruaava 459 000 3] 362 50,13 S263 8980149 03 78016 TAGE0 24
Hogplum 6SRSHD13 6563011 ABIGRIE01T  92.1940.23 4.0120.11
Carambola 65250011 29.7540.17 4468 75£0.23  62.3340.19 15.9540.29
Pincapple 12.0020.09 2,000,090 246.5340.31 12304013 6854021
Watermelon 2800k | 2 11254001 1 Rl 580,27 2593019 T.55£0.17
Black jamun THRS.00=0.15 a4 134021 5140318019 Oy 024 2] 1.97+0.12

Mote: The results were given as mean + S.D. of triplicates values,

{if). Phytochemicals study of pasteurized fruit juices

The selected fruit juices after pasteurization were analyzed for the effect of heat treatment on
phytochemical  content viz. TPC, TFC, ascorbic acid and antioxidant activity (FRAF and
DPPH). The fresh fruit juices are rich in TPC and antioxidant actitvities (Table 11 and 13). Fresh
carambola showed the maximum TPC wvalue (1453000 meGAE/100ml) followed by lirchi
(69250 mgGAE/ 100 ml). Other fruits showed reasonably good TPC values (73-467
meGAE 100 ml). Moreover, fresh carambola juices showed high FRAP value {10221.76 uM Fe
(10100 ml) and DPPH activity {97.11%). The ascorbic acid was high in fresh pineapple juice
(60,00 me/100ml) followed by carambele juice (40,63 mg/100ml). However, it was observed
that pasteurization caused statistically significant change in the total phenolic content and other

parameters with some exceptions when subjected to paired t-test at 5% significance level. The
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changes in TPC and TFC are positively or negatively significant depending on the type of fruit in
comsideration. A decreased TPC and TFC were observed in pineapple, pani janun, litchi and
watermelon. The percentage of decrease ranged from 1.97% to 13.57% for TPC and 27.40% to
T2.42% for TFC (Table 1). The maximum drop in flavonoids was observed in watermelon.
However, black jamun and carombola showed an increased TPC and TFC values on
pasteurization. The range of increase was from 6.33% to 20.11% for TPC and 17.92% to 33.34%
for TFC {Tablel). In case of ascorbic acid content, a decrease was observed in all the pasteurized
juices. The loss was percentage ranged from 1026% to 57.97% (Table 12). The maximum
decrease was observed in pani jasrun, watermelon and black jamum.

The antioxidant activities of pineapple, lischi, pani jamun and watermelon showed
significant decrease except in pani jamr where no change in DPPH was observed on heating.
The percendage of decrease for FRAP ranged from 2,83 % 1o 24.65% and 2.63 % to 37.65% for
DPPH activity (Table 13), But, like reported in case of TPC and TFC values, black jamun and
carambola juices showed significant increase in FRAP and DPPH activity wvalues. The
percentage of increase ranged from 0.092% 1o 27.50%. Overall, phenolics, Mavonoids and
antioxidant activity of watermelon and pawi jamrnn were comparatively more susceptible to heat

freatment.

The decrease in phytochemicals and antioxidant activity in some cases could be due 1o
destruction of heat labile phenolic compounds and ascorbic acid present in the juices (Cortes et
al., 2008). But, increased phenolic content in some pasteurized juices could be due to
bischemical reactions that could have occurred during heat processing which led 1o the release of
bound phenolics from the fruit matrix and also formation of new phenolic compounds by
structural rearrangement  (Rechkemmer er al, 2007). Pasteurization might have coused
significant effects on cell membranes or in phenolic complexes with ather compounds, releasing
some free phenolic acids or Mavonoids (Scalzo et al.. 2004). Heat might have also inactivated the
pelyphenol oxidase, preventing further loss of phenolic compounds. Moreover, Mack jamun and

carambola contains proanthocyaniding which are quite stable to heat.

But mainly, the increase or decrease in phenolic content depends on the overall

compasition and types of individual phenolic acid present in maximum in the concemed fruit
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juice, On heating phenolic compounds has a tendency to undergo some kind of structural

rearrangement that could lead to either increased or decreased antioxidant activities.

Table [ 1. Changes in TPC & TFC in untreated and pasteurized juice

Total Phenolic Content [mglz AE00mI]

Total Flavonoid Content]mg{)E/100m]l]

Sample

“Pineapple
Litchi

Pani jamum
Watermekon
Black jamun
Carambola

Untreated Pasteurized e Untreated Pasteorized o

Juice {decreasel  juice juice {decrease’
increase) ineresse)

TN =011  40£00: 0,27 =13.04 120,50 0,153* G975+ 0.22* -4 12

692,50+ 0,194 $98.50& 025  -131.57 140, 504 0.19* 10200 028* -174

| 30 50 0,23 12150 0,19 -f,59 69,75 021* ddade 0.]1% =360

Ti.00k 0,15 Th.51+ 0,09 =197 59.50% 0271 1638017 -T2.42

403 0 .22 S04, 504 0017 +20.11 58,385 0014 TL13+ 0.10% +17.52

1450000 0.35*  [54R.00&0.30%  +6.3] 2325: 001" 3488+ 0.06* +33 34

Note: The results were given as mean + 5.0, of tnplicates values. The * denotes sla'rist'u:alg .
significant difference at P=0.05 during Paired t-test.

Table 12. Changes in ascorbic acid in untreated and pasteurized juice

Sample name

Pincapple
Litchi

Pani jamun
Watermelon
Black jamun

Carambola

Untreated juice  Pasteurized juice Yo

(mgz/ 100ml) {mg'100ml) decrease/increase
60.00+ 0,10 44.00+ 0.15* 26.67

18.75+ LO7T* 13.75+ 0.05* -26.67

100424 0.13% 438+ 0.02% -57.97

6.25+ 01.00% 281+ 0.02% -55.04

5.63& 0.05* 3.13% D.08* ~44.40

40,65+ 0.03% 36462 0. 12* 1026

Mote: The results were given as mean £ SD. of triplicates values. The * denotes statistically
significant difference at P=0.05 during Paired t-test.

Table 13. Changes in FRAP & DPPH activity in untreated and pasteurized juice

Sample

Pineapple

Litchs
Pani jamun
Waterrmelon

Black jamun
Carambala

Ferric Hedacing Antisxpdani Potentlal [FRAF, DFFH Fadiulsrwmginr_-, activity {%)

pM Fo{11y100g]

Umirested

juice

A3TE 1R 0.24°

SO0 T 0.09=
(474 36+ 0.38°
AL "

4065, 354 (.28

10220 The O 36"

Pasienrized Pereentage  Untreated Pasteurized Percemtage
jmice (deerense’  jukee jaice {ilee reased

incresse) incrense)
2794.532 035 1715 4365 0,17 41 802 0 23% - 24
4878 712 0 40" -2 k3 A= DT 91 86z D35% -LG3
T 02" -20.556 6334012 et EN L Mo change
K70 Tad 009 -24.65 4077009 25.42=0_|8* -3T.63
A48 B2+ .25 +27.M) FTI= 005 HEIn=021* L
1039501 0.28% ﬂ - ';_“.'.I_I: 021 0Z=0.17 +h082

E



=

O O O B 9 9 @ 0w w = oW E WP W e W W W W WP

Note: The resulis were given as mean + 5.1, of triplicates values. The * denotes statistically
significant difference at P<0.05 during Paired t-test.

(iii). Phytochemical study of dried fruit using different drying methods

a) Spray drying

Four fruit juices from carambola, watermelon, pineapple and orange, respectively were spray
dried with 207 maltodextrin as carrier agent (Table 14). The results showed a significant
difference in phytochemical content berween the untreated and spray dried fruit juice. In orange,
an increase in TPC, TFC, FRAP and DPPH was observed although MCC showed a decrease in
its value. While in watermelon, a decrease in all the phytochemical parameters were observed
except in MCC where no change was obtained. The TPC, TFC and MCC values In carambola
showed no significant difference on drying but increase in FRAP and DPPH was observed.
However, in case of pineapple except in DPPH activity, TPC, TFC and MCC value decrsased

compared to untreated juice while change in FRAF was not significant.

The varied results could be due to the reaction of the various phenolic compounds present in the
fruit juices to the heat applied during the drying process. Although, phenolic compounds are
generally heat labile, individual phenolic compounds have different degree of tolerance to heat
and the structural degradation and rearrangement hence in turn affect its content and activity.
The conformational change in phenolics could either render them more soluble and extractable in
the extracting solvent or make the less soluble thus affecting their quantification. For example,
watermelon contains anthocvanin as the principal bioactive pigment and it 15 highly heat labile
arud hence on application of heat, a decrease in phytochemical content was observed. However,
in carambola which is rich in proanthocyaniding which are relatively heat stable, on drying
showed an enhonced FRAP and DPPH activity. Moreover, removal of moisture led (o
concentration of the bivactive compounds in some cases when comparcd with that of the raw
samples. Hence, the change in phenolic content and antioxidant activity is depended upon

individual phenolic acid constitutes and their susceptibility to heat and conformational changes.
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Table 14. Phytochemical content and activity of spray dried fruit juice (dry basis)

Samples Fresh juice Spray dried juice
hmn# bl ik b =
TPC{mgGAE/100g) 79.6440.12* 332.7840,27*
TFC{mgE/1Hkz) B4 10 09* 34 1eE02]*
FRAP(uM/100g) 1220, 1240, 19* 1538.42+£0.23*
DPPH {%4%) R0.97:0.17* T 1%
MCC (%a) 7.190.11% 4.3440.18%
Watermelon

TPCimgGAE 100g) O7.92+0.23* 25.75+021*
TFC{mgQE/100g) 0.7640.16% 2. 14+0,05*
FRAP(uM/100g) §5.08+0.25% 18.08£0.11*
DPPH (%) 53.23+£027 48.94+0.18
MCC (%) 7.6240.11 7.55+0.10
Carambaola

TPC{mgGAE/1Mg) 044 6580.22* 618.5240.17*
TFC(megQE1D0g) | B.O8L0,20 16.934+0,12
FRAP{uN/10g) 3155 5740, 14% S2I0.1 70,194
DPPH (%) TR 3601 1% 02 24+£027#
MOC (%) Q40D 16 11.54+0.22
Pineapple

TPC{mgl: AE100g) 2250040 320 149.32+() 28+
TEC{mg QS Tz} 7778001 1* 14550, 10*
FREAP{uM/100g) 679 380,29 627.99+0.23
DPPH (%) 599740.27* 77.79=0.20%
ML [ %5 11,3044 22% 2.71£0.03%

Note: The resulis were given as mean = 5.D. of wiplicates values. * denotes statistically
significant difference at P=0.05 during Paired t-test.

b) Cabinet or tray, vacuum and freeze drying

Although application of heat to fruits generally leads o destruction of heat sensitive
phytochemicals. many drying technigues had been used since time mmemorial starting from sun
drving to freeze drying, ervopenic drying and many more. In the present study application of
cahinet or tray drying a8 well vacuum and freeze drying had both positive and negative effects on

the phytochemical properties of the selected seven fruits (Fig 1-7).

Drying of pineapple showed a maximum decrease of TPC in vacuum dried samples followed by

teay dried samples. TFC decrease was also highest in vacuum dried samples. The DPPH activity
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was more or less retained in Fidried but MCC (%) was more in Vidried. In case of Foniol,
highest TPC, TFC and FRAP values was observed in freeze dried sample followed by V/dried
compared to raw fruit. Whereas, tray dried sample showed less values for TPC and TFC while
there was no change in FRAP values. An increase in DPPH activity in all the dried samples was
obtained but showed decreased values for metal chelation. Application of drying treatment to
Hegplum destroyed the TPC and flavonoid content but reduction was less in freeze dried samples
compared to vacuum and tray dried Hogplwm. In case of FRAP values, decrease was more in
vacuum dried samples. Mo major change in DPFH activity was observed in the dried samples.

Moreover, the hogplum samples both raw fresh and dried one did not exhibit any metal chelation
properties.

Drying of guava fruit cansed a drastic decrease in TPC and TFC values in tray dried and vacuum
dried samples compared to fresh raw guava. Similar is the case with FRAP values also. The
DPPH activity in freeze dried sample almost showed activity comparable to that of fresh guava
samples but major decrease was observed in tray dried samples. However, in MCC values the

decrease was more in freeze dried guava, Overall, heating had a desrimental effect.

Upon drying the destruction of TPC was more rampant in black jamun in vacumm dried
followed by tray drying. The decrease in TPC of freeze dried samples was 55.72%. Similarly,
vacuum dried and tray dried samples showed a decreased TFC value compared to freeze dried
jamun which did not showe any significant difference. Coming to FRAP data, all the three
drying methods led to loss of antioxidant activity. Loss percentage is 86.43%-88.34%. In case of
DPPH, no significant change in activity was obtained when compared with that of raw jamun.
But, tray dried and vacuum dried samples didn’t show any metal chelation capacity while freeze

dried sample showed an increased aclivity.

The carambola fruit on drying caused deirimental effect on the TPC and TFC content. The
FRAP value alse correlated with the decreased phenolic and flavonoid content. However, radical
seavenging values showed an increment upon drying. The MCC values showed a decreasing
vilve, the maximium decrease was in tray dried and freeze dried samples. The TPC of Leteku
fruit decreased on drving. The maximum destruction was in tray dried samples bul vacuum dried
Leteky showed maximum flavenoid destruction upon applicetion of heat, Similarly, FRAP

values also decreased on drying. But the DPPH activity in freeze dried sample increased while
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tray dried sample showed a decreased value of 25.00% from 49.00% of raw fresh Leteku. The

MCC value did not show a major difference between the fresh and dried fruits.

Application of heat in some cagses could cleave the phenolic-sugar glycosidic bonds resulting in
the formation of phenolic aglycons, which has high reactivity with Felin Ciccalteau reagent and
thus leads to an increased value of total phenolic (Singleton et al., 1999). In case of freeze dried
samples, if the fruit sample containe more lipophilic antioxidant compounds then bioactive
property increases.Margues et al., 2010}, Overall, the behaviour of the phenolic compounds to a
particular processing treatment depends on their type and compaosition and their interaction with

the surrounding conditions.,
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“Fig 1 . Changes in phytochemical content and antioxidant activity in pineapple during tray,
vacuum and freeze drving. A-Total phenolic content; B-Total flavenoid content; C-Femie
reducing antioxidant potential; D-DPT'H radical scavenging activity, E- Metal chelation capacity.
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Fig 2 . Changes in ph;rt:.:ln;l.l-c-mil:a! content and antioxidant activity in Poniol during tray, vacuum
and freeze drying. A-Total phenolic contant; B-Total flavonoid content; C-Ferric reducing
antioxidant potential; D-DPPH radical scavenging activity; E- Metal chelation capacity.
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vacuum and freeze drying. . A-Tetal phenolic content; B-Total flavenoid content; C-Ferric
reducing antioxidant potential; D-DPPH radical scavenging activity.
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_I-.iE 4 . Changes in phytochemical content and antioxidant activity in Guava during tray, vacuum
and freeze drying. . A-Total phenclic content; B-Total flavonoid content; C-Ferric reducing
antioxidant potential; D-DPPH radical scavenging activity; E- Metal chelation capacity.
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; Fig 5 fl-ﬁ;:s in phyluq:.h&m.i{'al content and antioxidant activity in Letekn during tray, vacuum
and freeze drying. . A-Total phenolic content; B-Total flavonoid content; C-Ferric reducing
antioxidant potential; D-DPPH radical scavenging activity; E- Metal chelation capacity
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Fig & . Changes in phytochemical content and antioxidant activity in Carambola during tray,
vacuum and freeze drying. . A-Total phenolic content; B-Total flavonoid content; C-Ferric
reducing antioxidant potential; D-DPPH radical scavenging activity; E- Metal chelation capacity.
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Fig 7 . Changes in phytochemical content and antioxidant acti '-'ilg.. in Black farrrun during tray,
vacuum and freeze drying. . A-Towl phenolic content; B-Total Mavonoid content; C-Ferric
reducing anticxidant potential; D-DPPH radical scavenging activity, E- Metal chelation capacity.

Part I): To study the changes in phytochemicals in selected two froits vie. litchi and black
Jamun stored at different tem peratures for 6 days.

Two fruits viz. litchi and black jamun were studied for changes during storage at 3 different
temperature conditions for & davs. The results were given in the table 15, The fresh Litchr froit
on Day-0 showed a pood TPC value {2525 mgGAE/1D0g), FRAP (15381.60 phM/100g), DPPH
{94, 12%) and MCC (8.06%). The TPC in Litchi at three temperature conditions showed varied
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results during the six days of storage period. At the end of the 6™ day, the room temperature (RT)
samples showed a decrease of 18.6%; refriperated temperature (RF) showed a decrease of
33.26% and deep freezed (DF) showed a decrease of 25.74%. The TFC at the end of 6% day
showed no major change in their values. The FRAF values showed a slight decrease on the 6
day. However, theDPFH activity in RT samples declined to 66.00% followed by RF samples but
the DF samples retained 93,73%. The RT samples showed a major drop in MCC value from 8.06
% on D-0 to 0.96% on D-6 while, RT and DF samples also showed a drop in values but it was
less drastic compared 10 RF values.

In case of Black jamun, the storage study showed that RT samples got spoiled after D-2 due to
action of microorganisms like mold and fungus. On D-2, the RT samples showed a drastic
decrease in TPC, TFC and FRAP values. However, DPPH and MCC and Total anthocyanin
content { TAC) was enhanced. The decreases in other two samples were less drastic. At the end of
6" day of study out of the remaining two samples i.e. RF and DF samples, the DF samples
showed more TPC, MCC and TAC values whereas, RF samples showed more TFC and FRAP
values. Both the samples retained more good DPPH activity.

Overall, the phytochemical content and activity decreased in all the samples regardless of the
storage temperature conditions. This is because a fruit is a living biological syvstem with
continuous biochemical reactions and respirations occurring within it. Change in lemperature
only slows or retards the above processes but never stops the respiration and other enzymatic
actions. Therefore, depending on the wlerance capacity of the concerned fruits to different

temperature conditions, different value for phyvtochemical content and activity was observed.

Tahle 15. Phytochemicals in selected two fruits vie. Litchi and black jamun at three
different storage lemperafures

a Total
=qam I]I“ T TFLC FHAT nrru MOC ll‘lll‘lltﬂ:}'ll:lh:l
(mgGAEAME)  (mepQEADNE)  {(uM100g) (%) (%) ontent
= g Dl e % C
{mz/100g)

O 0 9 9 O P O P W e PP PP Y R W W L L

Litehi

Fresh -0 2525000, 37 13.13:0.23 1581 .604£0.1% 94124010 3.06+0.12 NA
D-2

RT (25°C) G000 225 1S 0380000°  1489.9320.23"  B4.15:0.25" 641:0.21" Na
Refrigeration 21450040 2¢*  54.13+0.26° 155582027 93 65+0 21" 155000 NA
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(8°C)

Deep fresring
(-20°C)

-4

BT [25°C)
Refrigeration
(8°C)

Deep frearing
{-20°C)

D=6

KT [23°C)
Refrigeration
(8°C)

Deep freezing
{-20°C)

Black jamun
D-0

D-2

RT (23°C)
Reffigeration
(8°C)

Deep [reezing
(-20C)

D-4

RT (25°C)
Refrigeration
(&)

Decp lreezing
(-20°C)

-

RT (25°C)
Refrigeration
(8°C)

Deep freezing
[=20°C)

4400 000234
TR50.0040, 13"
33600020, 1 2
1405 0040, 1 0°
205500023
&85 D0, 1 98

1R75.000.11"

T185.0040.29

700040817
S065 0040, 1 T

B0 Ok, 29°
n.d
4535 .000.32"

365, (00 37"

n.d
3G90 00 19"

6245 0020.21%

20 88+0,31°
18.63+0.21"
21.0040.07¢
16.00=0. 04
14,500,11"
14,3880, 17"

13.2540.12°

44134029

AREEINN
38.75+0.19°

20,50=0.22°

n.d
37.004:0.23°

29.38+0. 19"

n.d
76,130,220

[ 7.75&0.17"

2638 8020, 20"
[678 8240 26"
23263040318
| 638 BO+0 (0"
1196, 1 8+0. 19"
1362 85+0. 17"

1147 5740247

51493110335

AT 360310
53854240 28"

4420.1420.19"
i
ITHIROE0 IS

5519.09+0.29

i
SO03.47+0,23"

331771003

04.31+0.19"
78.15+0,19°
03.350,23°
04 54+0.15°
6. 96+0.1 1"
87.58+0, 18"

93.7340.2%

96,920,219

97.42+0.1 2
097.28+0.00"

97.38+0.11°

i
G7 1240, 10"

97 42+0,09°

n.d
07 500 11"

97.1220.09"

RT means room temperature; n.d, means not determined
* * Means with the same leter within row are not significantly different at P=0L05 by DMRT.
Superscript of DMRT describes significant difference between the treatments

A6

7.60+0.00°
6.36:0.03"
0.81+0.03"
Q. ROE( 09F
7.32+0.11°
0,960,110

5000, 18"

197007

3.1620.10"
393012

2.7420.15"

.

4.36+0.10"

Z.1+0. 14"

n.d
[ 70 10"

2.8240.13°

A
NA
MA
MA
™A
MNA

MNA

}3.58+0.25

28.65+0.22
12.014£0,17"

14.33+0, 19
m.d
F.30+0.10°

3.57x0.09"

n.d
7.58:0,16"

307013
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CONCLUSIONS

The results presented here clearly show that cooking can make the polyphenols and antioxidants
of cooked food quite different from that of uncooked food. This is probably due to variety of
effects like destruction, release and transformation of the phytochemicals. From the present study
it was observed that the extraction efficiency of the solvents differed for different vegetables
depending on the diversity of the phenolic compounds present. However, methanol, water and
acetone have good extractability properties. Cooking enhanced the antioxidant activity of the
selected vegetables than the raw forms in most of the cases. Owverall, steaming was the most
preferred method for cooking. But in case of cooked banana blossom, a decrcase in flavonoid
content was observed. Overall, antioxidant sctivity of the minimal processed samples decreased
with the increase in duration of storage.

The selected froits contain considerably good phenolic content and high antioxidant activities
except in Bhimkal and pineapple where the content is lower compared to the rest of selected
fruits. The highest phenolic content was observed in Black famun. Similarly, Bael exhibited
highest flavonoid content and FRAP value. Therefore, the selected fruits could be & naturally
good source of phytochemicals and should be included in the diet more often for their health

promoting properties.

The pasteurization treatment had negative effect on the TPC, TFC ond antioxidant activities in
pineapple (Amamas comosus), watermelon (Citruffus  fonatug), pani  famun  (Syayveium
samarangense) and [ichi (Litchi chinensisy whereas carambola or star fruit (Averrhoa
carambola) and black jamun (Syzygium cumini} showed an increasing trend. Overall, carambola
fresh juice has better amtioxidanmt properties which are further enhanced on pasteurization.
Watermelon has low levels of antioxidant capacities. During spray drying a significant difference
in phytochemical content between the untreated and spray dried fruit juice was observed.
Application of cabinet or tray drying as well vacuum and freeze drying had both positive and
negative effects on the phytochemical properties of the selected seven fruits. In case of storage
study of fruits, the phytochemical content and activity decreased in all the samples regardless of
the storage temperature conditions. This is because a fruit is a living biological system with
continuous biochemical reactions and respirations occurring within it. Change in temperature
only slows or retards the above processes but never stops the respiration and other enzymatic
actions. Therefore, any kind of processing given to both fruits and vegetables is bound to cause
an irreversible change in the nutritional, physical as well as chemical properties but in order to
increase their palatability and availability as well as value addition, processing treatments are
inevitable and unavoidable. Therefore, it dwells on us to decide the right and required type of
processing treatment and also to develop more novel technigues that should be given o fruits
and vegetables in order to achieve more palatability and increased shelf life bur keeping in
considerations their nutritional and health promoting properties.
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PICTUR F SOME UITS AND VEGETABLES

Litehi _-;ﬁ;rﬂ.i!ﬁ.rﬁfwrr.-rit '“-Drm Pani jamun {Syzygium sammarangense )

Carambola (Averrhoa carambola) — | Bogi jamun (Syzygium jambos)
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Black jamun {Syzyeium cunumni)

Leteku (| Buccwrea sapida)

Fineapple [ Apanas comoss)

Ponial (Flaceuriia catafracta Roxh)

Hogplum (Spomedias pinnata)
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Beetroot { Bera vulgaris)

Banana biossom (AMusa balhixiana)

~ Brinjal (Solamim melongena)

French bean (Phavealus wiigaris)

_Ivy gourd {Coccinia grandis)

Radish { Rapharms sativus)
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Kharua brinjal (Solanum

z B |
Bottlegourd ( Lagemaria sice
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Pumpkin fencurhita moschala)
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Tomato (Solarum freopersiciim)
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Roselle (Hibisous acetosella)
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NEW DELHI - 110 002

STATEMENT OF EXPENDITURE IN RESPECT OF MAJORMINOR RESEARCH PROJECT

a. Mame of Principal Investigator; Prof, C.1. Mahanta

b. Deptt. of University/Collepe: Deptt. Food Engineering & Technolopy. Tezpur University

e UG approval Wo. and [Date: 37-172009 (SR, 12-01-2010

d, Tile of the Research Project: Antioxidant capacity of fresh & variously processed (ruits &
vereiable of Assam

€. EMective date of starting the project: 17-06-2010

[ i Period of Expenditore: From 01-04-2010 to 31-03-2011

i e  m——— e m—— = o —

| sl ltems CAmount | Amount Received as first | Expenditure Incurred |
Mo. . Approved Installment in First year
- | [Rs) {Rs)  Rs)
P Enn[-_:_s_gtﬁrg.u_lq_ 1 Mil Mil il
2 Fquipmen ] 30000000 T 3,00,000.00 1,96,969.00
3 'E'l:ml.rn_J_:cn_':v 600000 1 3.000.00 JINHR. 00
4 Field Work/ Travel 40.000.00 | 20,000, i I'El,ﬂ".l".f!.[lﬂ
(Cive details in the . |
| proforma at Anpexure- V). |
5| Hirir g Services ' NL [ M | il l
6 | Chemicals & Glasswarc 4,00,00000 | 2,00,000.00 18239000
o 'ihunmd ﬁEl -51_{31__[1_[[_ : 69,400.00 (i 507
B I Project n:lranhup (R, (RO~ 4,55, 467.00 1,44,000.00 75, 733.00
| _|pm(Pre-revised rate) .
| Tatal expenditure (Rs) 12,70,867.00 | 73640000 | 54369800
i Unspent Halance (Rs.) — aiver s 1,92,702.00
i .




il Period of Expenditure: From 01-04-2011 to

_5-I. I-IE I'I1.5

Ma. l
1 _ Books & Joumnals
3 Equipment
3| Contiagency s
4 | | jeld Work/Travel
[ ($Give details i the
| proforma at Annexure- Vil
5 Hiring "’u:ﬂln:s . i
b l.’_‘ht.mmls & hlasswam
7 II.'h or hea-l.'l
g | Project fellowship @8.000/-

_Lp-m (Prerevised rate)
_ Total expenditure (Rs.)
Unspent Balance (Ha.)

31-03-2012

e ——

iil. Period of Expenditure: From (1-04-2012 to 31-03-2013

T- " e —

f.j_ Items
No. |
|
| ook @ dowmal
2 Fquipment e
3 I: oringency o |
4 | Field Work/Travel

U_n'-u.. detatls n Ihe

| H mng SErvices

, II_:_I_-n_r:nncals & Glasswarc
| Owerhend - i
1 Frqiggl,.fcllnwsl1i|:-|-|fm_" | 4, 004-

_pom (Revised rate)

. _Amnur.l’i
Approved

T Amount Received as
second Installment

__ iBs)
Mil
Nl
3,000.00
20,000.00

Nil

 2,00,00000
Nil

| 2,11,320.00

44432000

‘Amount !--J.h.'r]nunt:ﬂu:cl-l;tﬂ-as first | Eui:nt;'nd.lture Imevirred
Approved Installment [Rs.}
IRsy . (Rs)
Nil | Nil il
30000000 | 30000000 1,10802.00
6.000.00 300000 N
Ca0p0000 1000000 wil
Nil W Nil
4,00,000.00 2,00,000.00 Nil.
boA0D00 | pOAD00 Nil
45546700 | 1,44,000.00 72,000.00
127086700 | 736,400.00 O 1ELE0L00
=Rk ! i 9,900.00

Ennendlture Incurred
(Rs.]

Nil
Wil
300000
20413.00

il
©2,03,109.00
il
2,106,000
43251200
11, TOK, )



. Staff

Date of Appointment 17-06-2010

1 It is certified that the appﬂintmentts':l have baen made In gucordance with the 18rms and

conditions iaid down Dy the Commiss:on.

7 |t as 8 result of checks or audit objective, BOME irreguiarly is noticed, |ater date, action

will be taken to refund, adjust of regularize the shjected amounis.

3 Payment @ revised rates shall be made with arrears on the avallability of agditional

4.

funds.

1t is certfied that the grant of Rs. 7. 356,400.00 {Rupees seven lakh thirty six
thousand four hundred only) received from the first installment and grant of Rs. 4,
44,320.00 (Rupees four lakh fouty four thousand three hundred twenty only) as

second instaliment from tha University Grants Cammission under the gcheme of

support for Major Research Praject entitied Antioxidant capacily of fresh & variously
processed fruits and vegetables of Assam vide UGC letter No. F. 37-01/2003 (SR}
dated 12-01-2010. Total of Re. 5, 43,608,00 pelween the period from 01-04-2010 to
14-02-2011 and Rs. 1. §2,802.00 in the pariod from 01-04-2011 to 31 03-2012 from the
firzt installment and Ks. 4, 32,522.00 from the second installment between the
period from 01-04-2012 to 34-03-2013 has been utilized for the purpose for which it was

sanclioned and in accordance with the terms and conditions laid down by the Uiniversity

Grants Commission,

Ili L] 1 ".
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Mooy Uil Loadusen LA b
I.'!l"".' a0 il |"|Il-|-l'-4'a' - 3 .

SIGNATURE OF PRIN GIPAL INVESTIGATOR REGISTRAR



1w, Consolidated expendilure stnlement:

| €1
M

iy

= Amount 1 .ﬁ.'nmunl_-"_.“::r.'p:u:'nditu;l: Exﬁeatur T Astiound .Il'.l:pt.udiim'c
ltems Approved | Reeeived as I* year €2" year | Received as 2™ 3" year
| (Rs.) | 1™ (O1-04-2000 | (D1-04-2011 Installment ([ P T
| Insraliment (i) = to {Rs.1 I
NI TR (Hs.) 3103-2001) | 31-03-2012) | 31-03-2013)
Roaks & lousials | |
S . | Nil
Equigmeni
300,000,600 2040, 0L R 1,596, 9469,00 1, D080 | il Mil
o { - S— - - - i - =
Conlingency | :
G000, 00 3,000, (0 | SO0 Ml i EMILITN RN
| Field Workd SIEES g S aa [
Travel {Give details
im the 0, (RO A1) 20k, 000 15,099 0 il 20,0001 2040300
proforma g i
Anmnexure- VI, | _— T e e e, .
Hiring Services Nil il il Nil Nil Wil
 Chemicals& ) L = | D
{ilasaware 4, D0y, 00 00,0000 1,82, 300,00 Nil 2,00, 004100 203, 109,00
Owverhead | - - o T
B9 400,00 | 65,400,100 a6, ST Nil Mil Ml
, -Pr-l.'l_lll.'l'.'l.ﬁ."ll.l:.l.'l-;'-El'l_1P_- - o ) T o S E
e 4 000 -pom Top | = 4,55, 467 1 | 144, 000,00 TS5 7330 T 100, (W 2,20, 320.0H% ERILRIT
d 2™ yeurand @
16,000/ -pm for 3% |
A yeor {Revised ratc) e Eg— R—— SR
Total Speat |
(5.} C12,70,867.00 | TS6ARLOD | 54369800 | 1,82,80200 | 4,44.320,00 4,32,522.00
Unspent Halance (R} a i R SR i
| - 1,92, 702.00 990000 . 11,798, i
) i ST il Ml vl
FOOTNOTE: 1. Fund Released in 1° instaliment- Rs. 7, 36,400.00
1. Expenditure (1" year, from 01-04-2010 to 31-03-2011) -  Rs. 5, 43,695.00
3. Expenditure (2™ year, from 01-04-2011 to 31-03-2012 |- Rs. 1,82,802.00
4. Unipent bafance amount Rs. 9,900.00

5. Fund Released in 2™ installment

6. Expenditure (3" year, from D1-04-2012 to 31-03-2013) -

7. Unspent balance amount

Rs. d, 44,320.00

Rs. 4, 32,522.00

Rs.11,798.00



