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ABSTRACT

Black pepper (Piper nigrum) and Indian red chilipper (Capsicum annuum) are two very important spized
essential flavoring agents in many cuisines, patédy in South-East Asia. The spices are availdid¢h as fresh
and in commercial packages. The present study esigiged to analyze their in vitro antioxidant plefoefore and
after thermal processing in water. The thermal mssing resembled methods commonly practiced ira Ifuati
cooking, viz. pressure cooking and microwave treatm The assays performed included DPPH radical
decolorization assay, reducing power assay and yadsa total phenolic contents. It was observed thia
antioxidant activities and total phenolic conterasadifferent in the packaged or fresh spices, dredpackaged
spices were better than the fresh ones in gendwafioxidant activity improved in case of the twacep after
thermal processing, probably due to better solation of the antioxidants in hot water after thetnr@atment.
Improvement in the total phenolic contents alsostarttiated the radical scavenging abilities of #mces after
aqueous extraction. Among the different extracfimcedures, microwave extraction was found to bstreffective
with respect to antioxidative capacities.
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INTRODUCTION

The classical nutrition research has been undeggaminimportant change in the last few decades wéyeparently
pharmacologically inert food additives have demiaist profound effects in health and diseasesaBjespices are
one of such nutrients that are being identifiedalvito maintain human health by their antioxidative,
chemopreventive, antimutagenic, antiinflammatorpmiune modulatory effects on cells and a wide amwéy
beneficial effects on human health via action orstrgéntestinal, cardiovascular, respiratory, mekabo
reproductive, neural and other systems [1]. Herlb spices have long been used by mankind as foditiaes.
Spices are important both as functional food ingrets and nutritional supplements. They play a imolenhancing
the taste and flavour of food. In addition, spitike peppers and chilies have also been used éattitg several
disorders as they have potent medicinal propefies

Plants contain a number of bioactives which arpaesible for their biological effects. Spices ataéring agents
contain volatile essential oils and hydrocarbongtvistimulate glandular secretion and may have akveetion on
the nervous system [1]. Since humans, unlike atimmals, cannot survive on raw meat and plantdicagipn of
aroma and colors in the form of spices to the fomuisances the acceptability of the cuisine whictveélshas some
social values of eating. Spices and their extrantslong known to be used in ancient Mesopotaniggpt India,
China and old Greece, where they were appreciatethéir specific aroma and various medicinal prtps [3]. In

72
Available online at http://abiosci.com/archive.html



Sauryya Bhattacharyya et al Ann. Bio. Sci., 2014, 2 (3):72-78

modern India, spices are still regarded as impomgart of the cuisine and cooked in a variety othods based on
tradition and taste preferences.

Among the spices commonly used in Indian cuisibéck pepperFiper nigrum) and red chili peppelCapsicum
annuun) are two very important spices and essential fisgpagents. Apart from their culinary uses, theggess
excellent pharmacological activities. Black pepfamily — Piperaceae) is known to possess antirhiatp anti-
inflammatory, antioxidant and anticancer activitiés There are reports that black pepper has digestimulating
activity. It improves appetite, cures cold, coudiseases of the throat, intermittent fever, coljsemhtery, worms
and piles. Red chilies (family — Solanaceae) contditamin A, Vitamin C and capsaicin which are good
antioxidants and anti-inflammatory agents, which atso boost immune system. They are good radiealengers
and also act as detoxifier by removing the wastelpets from our body and increase the blood sujaptiie tissues
[5].

Packaging plays an important role in the industiieelopment of food ingredients to be used astimmal foods.
In recent years, there has been an increasingsttef the food industry in incorporating ingredgemith health
beneficial properties [6]. In today’s society, tetivities of packing and keeping ingredients amthier related with
technical considerations, which include safety, Ifstiée, convenience, appearance, cost of raw niter
transportation costs, handling, law, manufactugngd equipment. However, the concept of packagisg iacludes
art, graphic, marketing and psychology aspects @bk [®]. Among these ingredients, spices are imgaridue to
their flavoring and coloring potential. Transpoidatof spices to different parts of the world fraheir source of
production demands indemnity of maintenance ofgirtg of the highly susceptible bioactive principali.e.
polyphenols. Moreover, spices used in food indestfor production of finished materials are gergrabtained
from a single cultivar to ensure standard qualityth@ products. Packaging, thus, not only ensuredity of a
product, but also maintains the integrity of théwvacprincipals for the benefit of the end userg, Buman race.

For the past few years, a number of studies haga pablished to determine the antioxidant potentidipeppers
[8,9,10]. In such studies, extraction with solvelite methanol and other aqueous alcohols werevantan practice
for the determination of bioactives as well as callscavenging abilities. A few studies were alsontl where
water was used to extract the peppers for adjuditaif antioxidant profilé***?! However, standard extraction
procedures were followed in such reports, probablgrder to retain the integrity of the bioactivengipals. The
present study deals with tlie vitro antioxidant profile of the two spices before affigrathermal processing with
water. The design resembled closely with commorkicgoprocedures used in India, i.e. pressure capkind
microwave extraction. To our knowledge, it was afighe very few studies that dealt with human comsbole
water extractives of foodstuffs for their radicehsenging abilities, and probably the first witle tubject spices. In
this way, we would be able to know the approprateking methods, which would retain the most effectess of
these spices for human consumption. The presey séyports the achievement of the aim through sconemonin
vitro antioxidant assays.

MATERIALSAND METHODS

Chemicals

2,2-Diphenyt1-picryl hydrazyl (DPPH) were obtained from Himediadia. Analytical grades of trichloroacetic
acid, ascorbic acid, Folin-Ciocalteau’s solutiord @odium carbonate were obtained from Merck, Indiaother
reagents and chemicals used were of analyticalegpadcured from local sources. Deionized distileater was
used in the entire study.

Selection of samples

Fresh samples of two commonly used spices, narBégk pepperRiper nigrum) and Indian red chiliGapsicum
annuun) were obtained from local markets in Barasat, \Bestgal, and authenticated by a Botanist. The spice
were checked for dirt or any visible damages, whiee discarded. The samples were dried 446 a constant
weight before pulverization to get powders [13]n@oercial spice powders in packaged form were pwethdrom
grocery shops in Barasat, West Bengal. Batch numbedate of packaging was noted. All the samplere wtored

in darkness in polyethylene containers at 4°C.

Thermal Processing of the samples

Thermal processing was done following a publishethed with some minor modifications [14]. Powdesadnples
were used to apply different thermal stresses.eltiactions were done using deionized distilledewatith a solid-
to-solvent ratio of 1:10 (w/v). About 10 gms of teamples were extracted. Extractive of the sampi¢isout

heating were also prepared for comparative purpdke.following are the methods of extraction — lbgassed
sample — The samples in water were macerated iechanical blender. Then the mixtures were centeifuat 6000
rpm for 5 minutes to get a clear supernatant. Tipeatant were abbreviated as US and used fdrefustudies.
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Pressure cooked sample — The samples in water subjected to a commercial pressure cooker for Tutes.
Then the mixtures were centrifuged as above t@a@gdear supernatant. The supernatant were abbedvdat PC and
used for further studies.

Microwave treated sample — The samples in watee wabjected to a commercial microwave oven af@gor 3
minute. Then the mixtures were centrifuged as alowet a clear supernatant. The supernatant vidrewated as
MO and used for further studies.

DPPH radical decolorization assay

The DPPH assay was performed using a previouslgritbesl procedure [14]. 1 ml DPPH solution (3 mg BPP
powder in 25 ml ethanol) was mixed with 0.5 ml séargolution and the decrease in absorbance of tkteira after

20 minutes of incubation in the dark was monitoatéd17 nm in a Systronics spectrophotometer (medz202).
The concentration that causes a decrease in tl@bamee of initial oxidants by 50% is defined agyl6f the
samples. Ascorbic acid was used as positive coatrdlcomparing with its’ 1§ and the results were expressed as
ascorbic acid equivalents (mM/gm spices).

Reducing Power assay

The assay was performed using a previously destpbecedure with minor modifications [15]. Briefl§,5 ml of
sample solutions was mixed with phosphate buffét {4, 2.5 ml) and aqueous potassium ferricyanwlation

(2.5 ml). This mixture was kept at 50+2°C in wabath for 20 minutes. After cooling, 2.5 ml of 10%/¥)
trichloroacetic acid was added and centrifugedQ&03rpm for 5 min. 2.5 ml of the supernatant wageaiwith
distilled water (2.5 ml) and a freshly preparedifechloride solution (0.5 ml). The absorbance wasasured at 700
nm in a Systronics spectrophotometer (model — 2208@htrol was prepared in similar manner excludiagples.
Gallic acid was used as positive control and compgawith its’ ICso and the results were expressed as gallic acid
equivalents |{M/gm spices).

Total Phenolic Content assay

The assay was performed using a previously destpbecedure with minor modifications [16]. Briefl§,5 ml of
sample was mixed with 1.5 ml Folin-Ciocalteau'susioin (1:10 v/v diluted with distilled water) andlaaved to
stand for 28+2°C for 5 min. Then 2 ml of 7% (wNgueous sodium carbonate solution was added anahittare
were allowed stand for another 90 min and at dakn&he absorbance of the blue color that develapes!
measured at 725 nm using spectrophotometer (Systtoklodel — 2202). Gallic acid was used to prephe
standard curve (20-10@0g/ml) and the total phenolic concentration in tipice extract was expressed as mg of
gallic acid per gram of dry weight of the spicaM(gm spice).

Statistical analysis
Data were expressed as mean * standard deviatifmuioindependent samples. Data were analyzed tyest'st-
test using the software ‘Prism 4.0’ (GraphPad I0SA).

RESULTS

DPPH radical decolorization assay

It was observed that DPPH neutralization poterdgfablack pepper was less in fresh samples tharp#okaged
sample at room temperature (Table 1). The actfeitythe fresh samples increased after the therraatrhents and
it was maximum after microwave treatment (Fig. This finding was in consonance with a previous gtwehich
showed that microwave extraction improved antiomtdactivity of some spices [17]. However, no incesrof
DPPH radical scavenging potential after pressumekiog was observed for packaged black peppers &ed a
microwaving, the activity reduced drastically (fr@10 to 1.54 mM/gm dry sample, Table 1). In caSeed chili,
DPPH scavenging potential was more in fresh sanplas the packaged sample at room temperature € bl
The antioxidant potential of fresh sample reduaedtitally after thermal pressure cooking (Fig.dljt deteriorated
drastically on pressure cooking (from 3.07 to 1mi/®/gm dry sample in case of fresh samples, and 2008 to
0.91 mM/gm dry sample in case of packaged samplasle 2). Changes during microwave treatment wete n
prominent (Fig. 1).

Reducing Power assay

Reducing power of a sample provides a significaiflection of the antioxidant activitin vitro. Compounds
possessing reducing power are usually electron rdoamd can reduce the oxidized intermediates dfl lip
peroxidation processes, ultimately minimizing adeehealth conditions [18]. Reducing power assaycatels
presence of electron donors in an extract whichhingerve as good antioxidant. Fresh Black peppewst
improvement of reducing power after thermal treatmand the improvement was maximum after microwave
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treatment (from 139.88M/gm dry sample to 241.2uM/gm dry sample, Table 1The effect was not prominem
case of packaged samples (Fig.2dwever, in case of both the spicpsckaged samples showed better redu
power than the fresh samples at normal conditidiables 1 and 2'The results are in accordance with the DF

radical scavenging assay.

Table1: Antioxidant potential of Black pepper (Piper nigrum) after processing in different ther mal
conditions. Resultsfor DPPH assay are expressed as ascor bic acid equivalents (mM/gm dry sample) and as
gallic acid equivalents (uM/gm dry sample) for the rest assays

Total phenolics

Processing method Category DPPH assay Reducing power assay Content
us Fresh 1.82+0.07 139.88+12.96 5.71+0.8:
Packaged 3.10+0.09 241.29+9.15 6.76+0.2(
PC Fresh 2.82+0.05 160.24+9.55 10.71+0.9!
Packaged 3.25+0.08 235.65+8.41 11.24+0.3
MO Fresh 3.03+0.06 172.35+10.69 9.24+0.7!
Packaged 1.54+0.06 241.29+8.74 10.35+0.2!

Data are expressed as Mean +SD (n=4), US: Untréa@mple, PC: Pressure cooked sample, MO: Microveao&ed samp

Table 2: Antioxidant potential of Indian red chili (Capsicum annuum) after processing in different thermal
conditions. Resultsfor DPPH assay are expressed as ascor bic acid equivalents (mM/gm dry sample) and as
gallic acid equivalents (uM/gm dry sample) for the rest assays

Total phenolics

Processng method Category DPPH assay Reducing power assay Content
us Fresh 3.07+0.06 108.24+9.39 6.88+0.0°
Packaged 2.03+0.06 140.12+10.21 6.7610.1(
PC Fresh 1.15+0.09 88.00+£10.50 9.47+0.3!
Packaged 0.91+0.05 101.24+5.84 8.06+0.4(
MO Fresh 3.41+0.02 116.00+3.90 8.06+0.7:
Packaged 1.81+0.02 122.00+9.54 7.24+0.6:

Dataare expressed as Mean +SD (n=4), US: UntreatedmentC: Pressure cooked sample, MO: Microwave edaampl

Fig. 1. Comparison of DPPH radical scavenging assay of fresh and packaged Black pepper (BP) and Red
chili (RC) after processing in different thermal conditions. Results are expressed as ascor bic acid equivalents
(mM/gm dry sample). [US: Untreated sample, PC: Pressure cooked sample, M O: Microwave cooked sample].
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Fig. 2. Comparison of reducing power assay of fresh and packaged Black pepper (BP) and Red chili (RC)
after processing in different thermal conditions. Results are expressed as gallic acid equivalents (uM/gm dry
sample). [US: Untreated sample, PC: Pressure cooked sample, M O: Microwave cooked sample].
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Fig. 3: Comparison of total phenolic content of fresh and packaged Black pepper (BP) and Red chili (RC)
after processing in different thermal conditions. Results are expressed as gallic acid equivalents (uM/gm dry
sample). [US: Untreated sample, PC: Pressure cooked sample, M O: Microwave cooked sample].
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Total Phenolic Content assay

The present study indicated that the thermal psiegf the subject spices improved their totalrutie contents

(Fig. 3). The result was in accordance with a pmesiobservation of thermal proce:g of foodstuffs [14]. There
was about Feld increment in phenolic content (from 5.71 to.ADuM/gm dry sample, Table 1) in the wa

extractive of fresh Black pepper after pressuratinent and about 1-fold increment (from 5.71 to 9.2uM/gm dry

sampk, Table 1) in case of microwave treatment. In acdseackaged Black pepper, the improvement waslasii

and pressure cooking gave the best result (Fidn3jase of red chili, little improvement was olvesr after therme

treatment and the best metheds found to be pressure treatment. Noteworthy avgment after pressu

treatment was shown by fresh sample (from 6.884@ uM/gm dry sample, Table 2).
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DISCUSSION

Reactive oxygen species (ROS) have been implidatedrious types of adverse pathophysiological dnts. The
main ROS to be considered is superoxide anigim){Qvhich is predominantly generated in mitochondeiactron
transport chain. This deleterious species thenymeslone more potent noxious species — hydrogexiger(HO,)

by the action of superoxide dismutase (SOD)JOHIn turn produces another harmful species, hydroagical
(OH"), by a Fenton-type reaction in presence of systetmice metal cations. Cooked foodstuffs that would
effectively scavenge free radicals would also lfulsn maintaining well being of humans [14].

The determination of antioxidant potential of plaaised substances is still being an unresolvedgrroland not a
single assay would be sufficient for the assessifigit In the present study, the methods for adjation of the

antioxidant potential of the subject spices wereselm specifically in view of the above proclamatibPPH assay
is based on non-aqueous less polar medium (i.ehalt The extracts prepared in the present stuigfhtntontain

majority of non-polar antioxidant biomolecules gqeces are found to replete with essential oilsptaroids or
flavonoids. The results of the DPPH assay wouldcate the greater extent of liberation of the notap principal

bioactives of the spices in water. On the otherdha&ducing power assay implicated effectivenegh®fspices in
aqueous (i.e. polar) medium. This can be correldiggttly with improvement in phenolic contentstbé spices
shown after thermal processing in water. The olegbenhanced antioxidant profile in some treatmegimens as
well as greater extraction of polyphenols mightdue to their enhanced solubility in hot water whatherwise

have less solubility in water at room temperature.

The bioactives commonly present in the subjectespigere reported to be effective against variopsgyof toxic
oxidants although not much research have been ctedlin this sphere [12]. Phenolic compounds offifgldaving
one or more aromatic rings with one or more hydraxypups can potentially quench free radicals byniag
resonance-stabilized phenoxyl radicals which plagla in their antioxidant properties [20]. Theesffiveness of
them against the most harmful ROS after thermatgssing that closely resemble cooking methods graglin
India, however, was not studied previously. In tositext, the present study indicated effect ofrtfa stress upon
antioxidative potential of the subject spices orrastion with water, which would render their pdieh as
functional food during human consumption.

CONCLUSION

The major conclusion arising out of this researels that the antioxidant capacities of the two stlgpices could
be improved by thermal processing methods thatmbke cooking. Enhanced activity of the spices shaifter
thermal processing in water might be due to entdpgé&raction of polyphenols, which might have lsshibility in
normal water but enhanced solubility in hot wafEinere was a strong correlation between the twooridint
activity assays and the total phenolic contentsichvindicated that the antioxidant activities ot thpices were
mainly due to the polyphenolics extracted in tha¢ewdy thermal processing. The study also indicaled there
were differences in the antioxidant potential afsfni and packaged spices and the packaged spices! deiter,
probably due to stringent production procedure®fedd in the food processing industry. The improgets in the
antioxidative potential of the spices on heat treatt with water implied their role as functionabfts, even after
cooking.
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