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ABSTRACT

Spices are commonly used in most Nigerian dishes as flavour and colour enhancer, nutrient supplements or to serve
as preservatives, medicine and as part of cultural inclinations. They are naturally of plant parts and in recent times,
certain synthetic creations of flavorists have found use in food as flavour and colour enhancers. The upsurge in
quest for dishes of other cultures, and for food containing plant products deemed to have antioxidant properties
have resulted in large import of different spicesinto the Nigerian market. This study was conducted to deter mine the
microbial profile, antibacterial and antioxidant activities of some imported spices in Nigerian market. Fifteen each,
of five different brands of imported spices packaged in polyethylene containers were purchased from supermarkets
in different regions of Nigeria. The mean (cfu/g) total aerobic plate counts in the samples range from 1.8 x10° to
7.0x10%, Coliform count was 1.1x10? to 4.1x10° and mean fungi count was 1.0x10" to 2.9x10°. Microorganisms
isolated from some of the spices include spp of Bacillus, Saphylococcus, Proteus, Enterobacter, Pseudomonas,
Aspergillus, Rhizopus and Fusarium. Some of the spices had antimicrobial effects on the clinical isolates tested with
MIC ranging from 6.25 to 25.0 mg/ml. The spices contain Phenolics and flavonoids and have DPPH, Hydrogen
peroxide and Nitric oxide scavenging activities. Adeguate HACCP evaluation and GMP in the processing of spices
is advanced, further studies are necessary to harness the full antimicrobial and antioxidant activities of these spices
for therapeutic purposes.
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INTRODUCTION

Spices are products from plants seeds, fruits,dteywroots, leaves or bark that are added to foathprove flavour,
taste, colour, or act to minimize the rate of rditgiand as preservatives that suppress microbialites [1, 2].
Each spice has a unique aroma, flavour and antitiir activities which derive from phytochemicancisely
put, Spices are strongly flavored parts of plargsally rich in essential oils used in fresh or tsyms [3]. Some
spices are reported to have microbicidal or migtattic activities [4, 5]. The inhibitory effects spices are mostly
due to the volatile oils present in their compaositi6]. More recently, the interest in herbs andep has grown not
only for their seasoning and flavoring propertias, also for their antioxidant potential [7, 8].@&umption of herbs
and spices has been implicated in the preventiorcastliovascular diseases, carcinogenesis, inflarnmat
atherosclerosis, reduced beta-amyloid and plagugebun the brain, increasing cognitive functiorlf%. Natural
antioxidants are known to protect cells from damiageced by oxidative stress, which is generallysidered to be
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a cause of aging and degenerative diseases [14-17].

Spices contain natural and contaminating microafland can be a source for food contamination. Tigg
concern about food safety has recently led to theeldpment of natural antimicrobials to control doborne
pathogens and spoilage bacteria [10, 18]. Spieesr@e of the most commonly used natural antimiedodgients in
foods, factors that determine the activity of spiaee the concentration and composition of theespithe amount of
spices used, type of microorganisms, compositiorthef food, pH value, temperature of the environmesmd
proteins, lipids, salts and phenolic substancesemtein the food [19]. Spice extractives, such Eoresin of
rosemary, can provide inhibition of oxidative ratity and retard the development of "warmed-oveaVdir in some
products. Thus, some spices not only provide flaumat aroma to food and retard microbial growth, dmat also
beneficial in prevention of some off-flavor devetognt. These attributes are useful in the developroEsnack
foods and meat products [20].

Food habits are changing from demand for well cdfk®cessed to partially cooked or raw food. Thesé is very
high possibility to the use of heavily contamindgetliiterated spices raw/partially cooked, and cbeadieleterious
to consumers’ health. Antimicrobial studies on pdahave evolved from multi disciplinary investigats where
researchers have used the antimicrobial data toplesnent the phytochemical study, to more focusediss
pertaining to specific information about the plaatdgimicrobial activity. The compositions and aities of most
local spices indigenous to Nigeria and Africa haeen well documented [14, 21, 22]. The conditiohsnported
spice in Nigeria may not be free from microbial @mination and can be a source of contaminaticiodd and
food stuffs. The report of Chandaradaal. [23] suggests that the chemicals present in spieasbe allergens,
carcinogens, and mutagens. Knowledge of the chémmaposition of imported spices is apt, more sahwi
numerous chemical creations of flavorists coupléth worous border checks that allow importatiorsobstandard
goods into Nigeria, evaluation of products at tlomsumer level is thus necessary. This researchnigdaat
evaluating the microbial profile, antibacterial aadtioxidant activity of some imported spices irgélia, with a
view to educating the public on the need for foafitty consciousness.

MATERIALS AND METHODS

Sample collection

Fifteen each of five brands of imported spices awgered form (jeera (cumin), curry, paprika, whiepper and
ginger) were obtained from super stores/shoppinfistaapermarkets/megastores in different regionigferia:
Lagos and Ota in the west, Onitsha and Port Har@ouhe east and south and Abuja in the north. §piees were
all within expiry date and no physical damage ® piacks were observed. The manufacture and exptgsdvere
recorded as well as batch number, manufactureeadd@dnd other information provided on the labels.

Sources of test organisms

The pure isolates dtaphylococcus aureus, Escherichia coli, Klebsiella pneumonia, Salmonella typhi and Proteus
mirabilis used as test organisms were obtained from thertegr@ of microbiology, Covenant University. The
purity and identification of the organisms was ¢onéd by using cultural, microscopic and biocherioathods
[22].

Microbiological evaluation of spices

One gram of each of the samples was weighed aa#ptiand diluted 1:10 in sterile peptone water Kalu
Germany). Further serial tenfold dilution was aedrbut to 10 in the same diluents. Aliquot 0.1ml of each diuti
was plated out on Plate count agar, Macconkey &y#gto Dextrose agar (All media from Fluka, Gerpafor
Total aerobic plate count, Total coliform count amdal fungi count respectively. Incubation of Rlabunt agar and
Macconkey agar was at &7 for 24h while Potato Dextrose agar was incubateldboratory room temperature of
29+2'°C for 3-5 days.

Enumeration and Characterization of Microbial Isolates

Enumerations of colonies at the expiration of iratidn period were with digital colony counter (&akamp, Eng-
land) and total population expressed as colony ifogranits per gram (cfu/g). Pure culture of isctatdtained by
repeated subculture on freshly prepared nutrieat ags stored on slants at 4°C refrigeration teatpes for fur-
ther identification. Identification of characteitsbacteria isolates was based on colonial morgholmicroscopy
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and biochemical tests [24]. Fungal isolates weeatified based on morphological characteristicgn@ntation on
media and microscopy with reference to standaes @hd manuals [25].

Coliform test

Presumptive Coliform Test: A gram samples of each of the spice was inoculegsdectively into sterile lactose
broth in McCartney bottle containing inverted Durhg&ubes. Incubation was at 87for 24- 48h. Positive samples
with gas production and/or colour change of dyeewesed for confirmatory coliform test.

Confirmatory Coliform Test: Presumptive test positive samples where sub-cultargdo duplicate plates of Eosin
Methylene Blue (EMB) agar (Micromaster, India) ibation was at 37°C and 44°C for 24h. Positive west indi-
cated by growth of characteristic colonies th&iam negative non-spore forming rods.

Completed Test: Colonies on EMB agar (positive for confirmatorytjewhere sub-cultured into sterile lactose
broth in McCartney bottle containing inverted Durh&ubes, and onto Nutrient agar slants for furtferacteriza-
tion. Incubation was at 37°C for 24h. Gas productiad/or colour change of dye in lactose broth measrded for
positive completed test and thus presence of coi$o If and when growth at 44°C is positive, feamalform is
confirmed [24, 26].

Evaluation of spices for antimicrobial activity

Spice extraction

Twenty (20) g of each spice in powdered form wasaexed in 200ml of methanol for 24h and using $eixh
apparatus. The extracts in solvent were placeatary evaporator (IKA HB10 basic) at 70°C for rerabef the
extraction solvent. The total weight of extracgimams was calculated and the solvent fee extraassstored at 4°C
until use.

Preparation of test organisms for susceptibility tet

The test organisms on slants were purified by reggeaub-culture on Nutrient agar (Biomark, Indiéhis sub-
culturing also helped to check for viability. Purgltures were inoculated into Nutrient broth (Flukgermany) for
overnight incubation at 37 °C and were standardiaed5x 18 cells/mL using 0.5 McFarland standards.

Determination of antimicrobial activity of methanolic crude extracts

The standard agar well diffusion method of CLSI][@&As adopted and following the description of [28ueller
Hinton agar (Oxoid, England) was uniformly seedéthwtandardized cultures of the test organismstefile cork
borer was used to cut uniform wells of 5mm diameterthe surface of the agar and the wells weredfillvith
0.2mL of 25.0, 12.5 and 6.25mg/mL crude extracts¢entrations were chosen based on results ofmpnalry
investigations). Sterile distilled water and Geritam(10ug) were used as negative and positive controls.pldtes
were incubated at 37 °C for 18-24h before obseymdir zones of inhibition and measurement of zdiaeneter.
Results were recorded as sensitive (S) and resis{@) following the interpretations of [27].

Determination of minimum inhibitory concentration (MIC) and minimal bactericidal concentration (MBC)
of methanolic crude extracts

MIC is defined as the lowest concentration of ecttthat can completely inhibit the growth of thgamisms. Ten
(10) mL of the different concentrations 25.0, 1825 and 3.125mg/mL of the extracts were inocdlatgh 1mL
of standardized test organisms for 24h incubatt@v£C. The tubes were examined for growth degibteturbidi-
ty of the medium. The lowest concentration thatbitbd growth of the test organisms was recordeMis. Tubes
showing no growth were plated out on Nutrient agfag, lowest concentration that yielded no growttbatteria
colonies after 24h incubation was recorded as MBC.

Determination of Moisture Content of Samples
The moisture content was determined by standarytésad method [29]. Samples were oven dried at°@or 2 h
to constant weight.

Determination of antioxidant activity of methanolic crude extracts

Total Phenolic content

The total phenolic contents were estimated accgrttirthe Folin-Ciocalteu method, with modificatidB8-32]. To
10ul of extract, 600ul of distilled water was addfadlowed by 50ul of Folin—Ciocalteu reagent. Al 150u! of
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7% NgCOswas added and the mixture was put in a vortex foin2 The sample was incubated for 8min at room
temperature. Aliquot 190ul of distilled water watkklad. The sample was allowed to stand for 2h amalisorbance
was read at 765nm using Spectrophotometer (Mode| RBBiscope Surgifield, England). The values amspnted
as means of triplicate analysis. A blank was pregéry replacing 10ul extract with water.

Total Flavonoid Content

The method of Zhisheat al.[33] was adopted with modifications [15, 30,3%b 490ul of distilled water, 10ul of
extract was added followed by 30ul of 5% sodiuniteitand 30l of 10% aluminum chloride. Incubativas at
room temperature for 5min. Aliquot 200u! of 1M saaii hydroxide was added followed by 240ul of distliwater
and vortex thoroughly. Absorbance was read at 570kmalysis was in triplicate and mean value recdrdgtan-
dard pyrocatechol was used for control.

DPPH (2, 2'-Diphenyl-1-picrylhydrazyl) radical-scavenging activity

The method of Manzorret al. [35] was used with modifications [36, 37]. Diffateconcentrations (25.0, 12.5, 6.25,
and 3.125mg/mL) of extract were assayed. To 100gktvact was added 1M 0.004% methanolic solutibbPePH
and incubate for 30min in the dark. Absorbance reasl at 517nm; results of triplicate analysis wasraged and
recorded. The percentage of the DPPH radical sgavgmwas calculated according to the formula oftAfoanet

al. [34]. The same was done for varying concentradiostandard.

Hydrogen peroxide Scavenging Activity

The extracts ability to scavenge hydrogen peroziddifferent concentrations (25.0, 12.5, 6.25, ari®5mg/mL)
was determined according to the method of Raicd. [38] with slight modifications [16, 39]. To 100pf extract,
600ul of hydrogen peroxide in a phosphate buffdiMOpH 7.4 was added and incubated in the dark@onin. A
negative control was set up in parallel with enteragent except extract or standard. Absorbanbgdybgen perox-
ide at 230 nm was determined against a blank solutbntaining the phosphate buffer without hyérogeroxide.
The percentage of hydrogen peroxide scavengingtodes and standard compounds were calculated.

Nitric Oxide scavenging activity

The scavenging activity of NO was determined udimg different concentrations of extracts and follogvthe

method of Alisi and Onyeze [40] with modificatioh]. To 60ul of 10M sodium nitropruside was mixe@u6 of

extract/ standard and incubated for 2.5h. A contrat set up as above but the sample replaced vaterwAfter

incubation, 1.0ml of sulfanilic acid reagent (0.33%fanilic acid in 20% glacial acetic acid) waslad to 0.5ml of
the reaction. After 5min, 1ml 0.1% NEDD (naphthisidenediamine dihydrochloride) was added for 30rmin
25°C. Absorbance was read at 540nm.

Statistical analysis

The data analysis was made using SPSS 20.0 softeranéndows [41]. Analysis of variance (ANOVA) aridun-
can’s multiple range tests were applied to compasesignificant differences (® 0.05). All the analyses were car-
ried out in triplicates.

RESULTS

The result of the mean microbial counts of the epits shown in Table 1. The table reveals gingemg{ber
officinale), curry (Murraya koenigii) and Jeeracgminum cyminum) to be the most contaminated with total aerobic
plate count, coliform and fungi counts ranging fr8Bx1G to 7.0x1d; 1.7x16 to 4.1x16 and 1.9x18to 2.9x18
cfu/g respectively.

Table 1: Mean microbial counts (cfu/g) of spice

Sample TAPC Coliform count  Fungi coupt
Ginger powder 7.0xT0 1.7X1G 2.9X10
Curry powde 4.5x1C 4.1X1C 2.1X1C
Paprika powder NG NG 1.0Xi0
White pepper powder 1.8X10  1.1X1G 9.7X1G
Jeera powd: 3.8X1C 3.9X1C 1.9X1C
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Table 2: Susceptibility test by agar well diffusionof spice extracts on test isolates.

Spice extract/ concentration(mg/ml) . Test organisms . -
S aureus E. coli K. pneumoniae S typhi P. mirabilis
Ginger powder
25.0 S R R S R
125 R R R R R
6.25 R R R R R
Curry powder
25.0 R R R R R
125 R R R R R
6.25 R R R R R
Paprika powder
25.0 S S S S S
125 S R S S S
6.25 S R R R R
White pepper powder
25.0 R R R R R
125 R R R R R
6.25 R R R R R
Jeera powder
25.0 R R R R R
125 R R R R R
6.25 R R R R R

Table 3: Minimum inhibitory concentration of spice extracts against test isolates

Spice extract/ concentration(mg/mDS aureus

E.

Ginger powder
25.0

12.5

6.25

3.12.5

Curry powder
25.0

125

6.25

3.12.5

Paprika powder
25.0

12.5

6.25

3.12.5

25.0

125

6.25

312k

Jeera powder
25.0

125

6.25

3.12.F

White pepper powder

P
(9]

Z
0000 003

Z2zZZ
0000 0000 035335

Test organisms
coli K. pneumoniae S typhi P. mirabilis

NG G NG G
G G NG G
G G G G
G G G G
G G G G
G G G G
G G G G
G G G G

NG NG NG NG

NG NG NG NG
G G NG G
G G G G
G G G G
G G G G
G G G G
G G G G
G G G G
G G G G
G G G G
G G G G

G= growth of test organism.

NG= no growth of test organism

Spice

Total phenol conten

Curry

Ginger

Jeer:
Paprika
White pepper

0.795+0.02
0.897+0.20
0.774+0.0
0.798+0.02
0.78540.18

Table 4: Mean total phenol content of spices (mg & acid equivalent/mg extract)

—

Table 2 shows the result of the antimicrobial agtiof the methanolic extract of the spices. Iteals that paparika
(Capsicum annuum) showed the broadest antibacterial activity ashaltest organisms were susceptible to it at 25.0
and 12.5mg/ml. Ginger at 25.0mg/ml had effecSoaureus andS. typhi. The MIC for Paparika was 12.5mg/ml for
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the test organisms. Ginger had an MIC of 12.5m@mE. aureus andS. typhi Table3. Plate 1 shows the sensitivity
pattern of test organisms to Paparika spice extiatiie4 presents the total phenol content in gndin gallic acid
equivalent/mg extract. There is no significanteliénce (P< 0.05) in the total phenol contents efgpices. Table5
shows the total flavonoid content in milligram pgathecol equivalent/mg extract, the table reveagaificantly
high (white pepperRiper nigrum L.) and low (paprika) flavonoid contents comparedhe other spices. Table6
shows scavenging of DPPH radical by the extractthedscavenging values as inhibition (%). It researying
degrees of scavenging capacities. Curry and gieggeacts exhibited the highest (P< 0.05) radicaleaging effect
which was higher than the other extracts. The lbwetivity was shown by Jeera. The scavenging afrdgen
peroxide radical is shown in Table7. There appedre no significant difference (P< 0.05) in radisahvenging
capacities of the different spice extracts. A nonaentration dependent scavenging of nitrogen oxalaes as

inhibition (%) was found for all the spice extra¢table 8). Curry however, tend to have exhibitedrgyer radical
scavenging effect.

Table 5: Mean flavonoid content of spices (mg pyr@thecol equivalent/mg extract)

Spice Flavonoid content
Curry 0.254+0.03
Ginger 0.14740.02
Jeera 0.145+0.03
Paprika 0.058+0.01
White pepper 1.095+0.03

Table 6: Antioxidant activity of spices using the orresponding concentrations
(A=25.0 mg/ml, B=12.5 mg/ml, C=6.25 mg/ml and D=23.125mg/ml) measured by DPPH (% inhibition) method

Spice Concentration (mg/ml)

A [ B [ c
Curry 62.651+0.46 30.694+3.71 18.589+1.79 11.360+1.20
Ginger 53.299+2.42 49.627+1.11 30.981+0.46 12.507+2.05
Jeera 22.375+1.64 15.892+2.84 8.778+0.52 8.491+1.05
Paprika 32.760+0.40 20.310+0.46 12.220+1.03 8.663+0.70
White pepper  30.178+1.86 21.170+0.46 12.909+1.07 8.893+0.72

A

Platel: Susceptibility pattern of test organisms tdPaprika (Capsicum annuum) spice extract

Table 7: Antioxidant activity of spices using the orresponding concentrations
(A=25.0 mg/ml, B=12.5 mg/ml, C=6.25 mg/ml and D=3.125mg/ml) measured by hydrogen peroxide (% inhibition) method

. Concentration (mg/ml)
Spice A | B I C I D
Curry 73.826+x0.65 71.546+6.67 73.142+0.16 72.13Bk].
Ginger 72.549+3.24 72.914+0.14 75.285+0.42 75.69B(
Jeera 75.057+2.65 75.331+2.95 73.735+0.27 74.680:P.
Paprika 76.243+1.51 71.911+#9.30 72.959+1.94 74.6I%
White pepper  75.650+3.34  73.233+0.08  75.559+1.23 .28240.14
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Table 8: Antioxidant activity of spices using the arresponding concentrations
(A=25.0 mg/ml, B=12.5 mg/ml, C=6.25 mg/ml and D=3.125mg/ml) measured by nitrogen oxide (% inhibition) method

. Concentration (mg/ml)
SplCe A | B | C | D
Curry 29.594+4.9 36.845+1.4 13.862+4.0 23.575+3.8
Ginger 18.787+1.92 32.148+5.69 31.874+1.66 22.8452]
Jeera 19.562+0.14 10.078+1.35 17.921+1.73 31.828).
Paprike 18.742+0.7 15.550+7.6 19.927+1.4 28.044+0.4
White pepper  14.318+6.43 37.437+5.27 32.285+1.58 .04R3.44

DISCUSSION

The microbial loads implicated in the spices arthiwi acceptable standard specifications [42, 48k ®rganisms
isolated in this work have been implicated in eanvorks on spices [44, 45]. They are common envirental con-
taminants and are known to be hardy. The Bacilhtsraoulds are spore bearers that can survive mimgesondi-
tions.S aureus is of human origin and may have been introducadtve personnel to the products. Though the mi-
crobial counts are within acceptable limit, thegamece of coliforms is an indication of lapses initsaly conditions,
toxigenic strains of. aureus have equally been implicated in food poisoning apelcies of Aspergillus and Fusa-
rium are known to produce deleterious mycotoxindeurfavourable condition. The moisture content 43@s) of
these spices could encourage survival and growtthefcontaminants specifically the moulds and ieeale of
proper storage. The presence of these organisepdas must therefore not be treated with levitprélso some of
these spices could be incorporated into food withaher treatment or with minor processing befosasumption.

Paprika Capsicum annuum) showed the highest antibacterial activity tothk test organisms. Paprika has been
reported to contain an antibacterial protein tres heen found to naturally control (by limiting t@wth of) cer-
tain bacteria such &&almonella andE. coli [46]. The result of the present study shows fatureus andS. typhi
were susceptible to gingeZifgiber officinale), this is in agreement with the reports of eantegearches indicating
sensitivity of these organisms to ginger [37, 4T-d8era (cumin), curry and white pepper as obskirvéhis report
has no antimicrobial activity on the test organisifisis is contrary to the findings of inhibitoryfe€t of cumin
againstS. aureus, K. pneumonia, P. aeruginosa, Vibrio vulnificus and Micrococcus lutieus [37]. Similarly Curry has
been reported to have antimicrobial activity agatigerse microorganisms [50-54]. White pepper amytto this
report has been observed to have antimicrobialicfb5, 56]. The report of Nanasombat and Lohdsawee [57]
however found no antimicrobial activity in whitegger and thus in accordance with the present study.

The total phenolic and flavonoids contents of spiegpressed in the present study with curry, giregel jeera
(cumin) having higher phenolic contents comparegadprika and white pepper and higher flavonoidsvhite
pepper, corroborate the report of Katnal .[58]. It is also in agreement with the findingsttbpices are rich sources
of phenolics and flavonoids known to be strongaitiants [14, 15, 30, 31, 34, 59, 60]. Flavonoids aso known
to have anti-allergic, anti-inflammatory, anti-nobial and anti-cancer activity and provide healémdfits against
heart diseases [9, 11, 13].

The antioxidant activity by DPPH assay were in théer of curry>ginger>paprika>white pepper>jeeranti).
Curry Murraya koenigii) has been reported to have strong antioxidantigc{i60]. Asimi et al. [37] reported to
the contrary for gingerZ{ngiber officinale). The DPPH radical scavenging activity of spiceald be mediated by
individual phenolic acids, if in high percentagenaain constituents, but also to the presence afratbnstituents in
small quantities or to synergy among them [37, BH}PH acts as a stable free radical in methanaitisal that
easily accepts an electron or hydride radical amVerted to a stable diamagnetic molecule. By negatith suita-
ble reducing agents DPPH radicals formed into threesponding hydrazine [15]. In other words the BIRi3say
measures the ability of the extract to donate hyeinato the DPPH radical, resulting in bleachinghef DPPH solu-
tion [37]. It has been reported that phenolic commuts contribute significantly to the DPPH radiceawenging
capacity of spice plants [59]. The finding of theselier observations are on a par with the preserty consider-
ing the higher contents of total phenol in curipggr and paprika and flavonoids in curry and ginge

All the spice extracts showed strong hydrogen gdescavenging activity that is not concentratiepehdent and
not significantly varied among the different spicg®< 0.05). Yen and Chen [39,61] reported concéaotra
dependent hydrogen peroxide scavenging in teaasiraimilarly Kesegt al.[16] reported that water and ethanol
extracts ofC. monogyna were capable of scavenging hydrogen peroxide ianaount dependent manner. Curry and
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jeera (cumin) have been reported to have apprectafairogen peroxide scavenging activity [58, 60h¥aad Chen
[39] observed that typical application of the pdigpol fraction of green tea inhibited TPA-inducegtitogen
peroxide formation in mouse epidermis; this faattay be important for the inhibitory effect of thelyphenol
fraction of green tea on TPA-induced inflammatior dumor promotion. Though hydrogen peroxide is veny
reactive, its removal from cell is important in logéfense because it may give rise to toxic hydroaglical in the
cells [16, 63].

The percentage nitric oxide radical inhibition &k five samples in this study range from 37.44080mg/ml. Gin-
ger, curry and white pepper has better activity jgarad to paprika and jeera (cumin). Gheshl. [64] reported a
NO scavenging activity dB. monnieri with IC, value of 29.17 ug/mL while Hasa&hal. [15] and Haquet al.[65]
estimated values of 7.29 ug/mL and 11.23 ug/mLN©r scavenging activity and peroxynitrite (ONOO)saging
activity of the methanolic extract & monnieri. Excessive production of free radicals has beeacdhtit cause dam-
age to biological material leading to several pblygjical and pathological abnormalities an esskstiant in the
etiopathogenesis of various diseases [15, 16, &D,\@rbnicaet al. [66] has shown inactivation and nitration of
human superoxide dismutase (SOD) by fluxes ofmitride radicals. Nitrosative stress results frowa overpro-
duction of reactive nitrogen species that may oeduen the generation of reactive nitrogen speciessystem ex-
ceeds the system’s ability to neutralize and elatérthem [67].

CONCLUSION

Spices can be contaminated by natural microflossheindling and packaging. It could contain pathedbos effec-
tive hazard analysis critical control point (HACC&)d good manufacturing practice (GMP) must be eygal in
their processing and consumption. Paprika had d gatibacterial action on all test organisms, fariimvestigation
is necessary for possible use of the active compdnechemotherapy. Most of the spices studiedis teport had
no antibacterial activity contrary to earlier refgoithis could be attributed to use of industrigdhpcessed products
already polished and mixed with other additives parad to natural materials in most other worksjlanty differ-
ences in use concentrations could account for dtgpa report findings because the antimicrobiabgerties of
spices differ depending on the form of spices agddech as fresh, dried, or extracted forms. Theltes this study
using three different methods to evaluate the gitanmt activity (DPPH, KO, and NO) showed that the spice ex-
tracts can be considered good sources of natumapaonds with significant antioxidant activity. Cangption of
microbiologically safe spices should be encourdgetheir rich antioxidants and possible healthéddis.
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