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ABSTRACT

This study was carried out to determine the effects of pre-storage treatments using antimicrobial agents such as
vinegar, brine and refrigeration (4°C) on concentrations of vitamin C, s-carotene, microbial load and shelf-life of
red pepper (Capsicum frutescens). The freshly harvested red pepper (C. frutescens) samples were immersed in
different concentrations of brine (10% and 15%) and vinegar (0.8% and 1.5%) for about 20 minutes, air dried and
kept at room temperature (28°C). Samples without treatments were also stored at room temperature (control) and
refrigerated conditions for quality and shelf life studies. The results showed that the concentrations of vitamin C and
S-carotene of the fresh untreated red pepper samples decreased considerably within the storage period of 39 days.
Concentrations of vitamin C and S-carotene in samples treated with 0.8% vinegar (V1), 1.5% vinegar (V2), 10%
brine (B1) and 15% brine (B2) also decreased considerably within the storage period of 42 days. However,
refrigerated samples (R) showed a decreased in vitamin C concentration but an increase in fS-carotene
concentration within the storage period of within 48 days. The various pre-storage treatments caused significant
decreases (P<0.05) in the microbial load (total coliforms and total plate counts) on day O (immediately after
treatment) but increased gradually within the storage period except refrigeration which kept the microbial load
stable within the storage period. It can be concluded from the results that essential nutrients (Vitamin C and -
carotene) were favourably maintained in the refrigerated conditions as compared to the other pre-storage
treatments.
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INTRODUCTION

Vegetables are referred to as group of crops waieheaten as complements to staple foods [1]. eThegetables
contain various kinds of dietary nutrients necegdgar human health. For example, 90% of the warltbtal
amount of vitamin C comes from vegetables and éndéveloping countries retinol provided by vegetalaccounts
for 80% of the retinol intake [2]. Also the colsuand flavours obtained from vegetables meet tite t&f different
categories of people. Vegetables are also gooteswf active substances and fibre, which plagaive part in
improving human health, increasing human immunitgt promoting metabolism [3]. Some vegetables agallin
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traditional medicine as curative and protective mseaf health [3]. Increase vegetable productiory mmgprove
food security on one hand, and on the other hafed wfcome opportunities to small-scale farmers aspkcially to
women who still lag behind with regards to develeptrbenefits.

It is required that vegetables are preserved faegshmade available throughout the year to ful# tuman dietary
requirements. As living entities, their metabolatigties continue even after harvest with a sutalteffect on their
degrading quality and composition. During storabe,produce deteriorates in quality due to physgjicial activities
such as respiration and loss of moisture. They sargceptible to microbial spoilage leading dianges in their
structure, texture, colour and appearance. yjbe and intensity of the post harvest physiologaivity and the
kind of vegetable determine to a large extentstoeage life of the produce. The postharvest losfesgetables in
the developing countries lie between 20% and 508&bkmtween 5% and 25% in the developed countriesTl#
high perishability of vegetables, lack of storageilfties, mechanical injuries due to improper HangJ packaging,
transportation, and microbial infections are thgameauses of post harvest losses in vegetabletBfder to meet
today’s health conscious consumers’ demand fohfresgural food; concerted efforts are being maddeweelop
methods for preserving vegetables [6].

From the quality standpoint, it is desirable togeree the characteristics of fresh vegetablesedt tleak. What the
consumer perceives as the most appealing attrilfitteese products include their fresh-like appeegataste and
flavour, in addition to convenience [7]. Among thmitations to quality and shelf life of fresh vegbles are;
microbial spoilage, desiccation, discolourationchamnical injuries and development of off-flavourafi~odour [8].
Red peppersGapsicum frutescens) belong to the familySolanaceae. They are native of tropical South America,
where pre-historic peppers are known from buritssin Peru. They spread through the New Worldi¢som pre-
Columbian times [9]. They were introduced into WAgica by the Portuguese in the"L8entury [10]. Red pepper
is eaten as a raw and cooked vegetable and alsbaasemonly in making paste, pickle and sauce. Redrgl
pepper made by drying and pulverizing is used gis@ and flavour ingredient in the food industt§]} It is one of
the most widely used food colorants for culinarg amdustrial purposes. Because of its high colaudapacity and
in some cases its peculiar pungency, red peppeused to modify the colour and flavour ofigs, stews,
sausage, cheese, snacks, salad dressing, sqizzs, and confectionary products, among othexppErs are also
used as condiments, and as ingredients in medioirteoth internal and external use [12].

It is an excellent source of vitamin C, vitamin Bfytochemicals such as lycopene @nchrotene (the precursor
for vitamin A), folate, potassium and plenty ofditj13]. The antioxidant substances sucB-aarotene (provitamin
A) and vitamin C contained in pepper confer pratectagainst carcinogenic components and delay tiega
process [14].

In Ghana, fresh peppers are used in almost all 8hardishes; however, the shelf life of these pepjzevery short,
ranging from a period of days to a week where fiesmand flavour are lost. Some of the practicasafeaused to
extend its shelf-life include blanching and dryimbich tend to result in the huge loss of the esakevitamins in the
pepper. There is therefore the need to explorer atigans of preserving the pepper for the dry an Ezason while
maintaining its nutritive value. The objective big study is to determine the effect of pre-storagatments with
vinegar, brine and refrigeration on the vitaminp&arotene concentrations, microbial quality andfdife of red

pepper.
MATERIALSAND METHODS

Fresh peppers were obtained from the UniversitynfaBchool of Agriculture, University of Cape Coa$he
peppers were sorted out to remove the anthracrfesetesl, over matured and damaged ones. Care Was ta
select only fresh produce with no indications oflicty stress for the studythe samples were sent immediately to
the Chemistry laboratory of the Department of Cletryj University of Cape Coast for treatment analysis.

About 200 g of samples were weighed and immersteddii8% and 1.5% white vinegar solutions and 10% 596
brine solutions for 20 minutes. The samples wemgored and placed in well labelled perforated basket kept at
room temperature. 200 g of the sample were alschedhsnd placed in perforated baskets and kepteén th
refrigerator at 2C while another batch was kept as control (untcBatt room temperature. Vitamin C afd
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carotene concentrations, total coliforms and tptate counts were determined every three daysvialtdor tre
stored samples.

Vitamin C andp-carotene concentrations were determined by spduitometric methods described by Agbem
et al., 2012 [15].Microbial load was determined by the APHA (Ameridaablic Health Association) (199[16]
standard analysis methods.

The data obtained were analyzed using Analysis arfavice (ANOVA) from SPSS 16.0 statistical toolsher’s
least significant difference (LSD) test was usedtlemtify significant differences among treatmergams (P<0.0%

RESULTS

The resuts of the experiment showing the changes in Vita@ifi-carotene, Total coliforms and Total plate co
of the treated and stored rpepper amples are shown in Figures 1 - 8.
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Figure 1: Variationsin theamount of vitamin C at Day-0 as affected by the different pre-storage treatmentsand refrigeration.

Samples treated with 15% brine recorded the leastuat of vitamin C, followed by those treatwith 1.5%
vinegar on day 0.
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Figure 2: Variationsin the amount of B-Carotene at Day-0 as affected by the different pre-storage treatmentsand refrigeration.

Samples treated with 10% brinecorded the least amount g-carotene, followed by those tree with 0.8%
vinegar on day 0.
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Figure 3: Variationsin Vitamin C content of C. frutescenswith time of storage as affected by different pre-storagetreatmentsand
refrigeration.

There was a significant decrease (P<0.05) in theuamof vitamin C in all the samples. Brine-treataimples
experienced the highest loss of vitamin C at the @frthe storage period, followed by untreated {adhsamples.
The highest retention of vitamin C (95.5mg/100gswaserved in the refrigerated sample at the ertdeo$torage
period, followed by vinegar-treated samples.
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Figure 4: Variationsin p-carotene content of C. frutescens with time of storage as affected by different pre-storage treatments and

refrigeration.

Results showed thdgi-carotene content in pepper significantly decrea@edd.05) with storage time with the
exception of refrigerated sample which experienaedncrement from 545.0 ug/100g to 575.4 pug/10Ggeyar
treated samples also maintained relatively higheount of3-carotene as compared to brine treated samplés at t
end of the storage duration. The least amouftazrotene was recorded in the untreated (contaotipte.
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Figure5: Variationsin Total Plate Count of C. frutescens with time of storage as affected by different pre-storage treatmentsand
refrigeration.

Treating the pepper samples (on Day 0) with theeband vinegar solutions resulted in an apprecidfip of the
total microbial load in the samples. The highestpdwas recorded in samples treated with vinegafrigeeated
samples had the minimum growth observed duringthiage time.
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Figure6: Variationsin Total Coliform Count of C. frutescenswith time of storage as affected by different pre-storage treatmentsand
refrigeration.

Brine and vinegar treated samples recorded a drdpe Total Coliform Count on Day 0, with the highelrop
occurring in samples treated with vinegar. Refiaged samples had the minimum growth observed dutiag
storage time.
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Figure7: Percentage retention of Vitamin C and Beta-Carotenein C. frutescens as affected by different pre-storagetreatmentsat the end

of storagetime.

High percentages of retention were observed in &srpat were refrigerated. The leaercentage retention of
vitamin C and3-carotene were recorded in 15% brine treated intreated (control) samples respectiv
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Figure 8: Percentagereduction in Microbial load (Total Plate and Coliform Counts) as affected by different pre-storage tr eatmentson

day O of storagetime.

Samples treated with 1.5%negar recordeche highest percentage reductinrthe total microbial loa

DISCUSSION

EFFECTSOF THE TREATMENTSON VITAMIN C
The vitamin C content ahe freshred pepper was found to be 15318/100g and this value favourably compe
with the US Department of Agriculture’s tional Nutrient Database which listedd Capsicum as having 143.7
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mg/100g. The difference however could be as a resudifferent soil conditions and climate. At D@lysamples
treated with 15% brine recorded the least amountitamin C, followed by those treated with 1.5%edgar (Figure
1). This could be due to the high salt of the brioeacentration and low pH of the vinegar. Generalljamin C
content in the peppers decreased gradually wittagéotime (Figure 3). This decrease may be dubkemxidation

of ascorbic acid into dehydroascorbic acid by theyee ascorbic acid oxidase. This result corrolearatith results

of Eris et al., (1994) [17]; Nazart al., (1996) [18]; and Paét al., (2002) [19] who reported a decrease in the
Vitamin C content of vegetables on storage.

At the end of the storage period, brine treated pbeasnhad the least retention of vitamin C (46.8 1004
representing 17.0% and 25.0 mg/100g representit&f@@or 10% brine and 15% brine respectively) asgared
to the untreated sample (51.8 mg/100g represeltig) (Figure7). The high loss of vitamin C in themples
treated with brine could be as a result of the &tation processes caused by the salt-toleratedb raiganisms,
with the combined effect of temperature and waiss [(shrinkage) during storage. The results fadmy@mpares
with studies conducted by Nunetsal. and (1998) [20]. The variation of vitamin C contémthe brine treated and
the untreated samples were however not signifigatitierent (P>0.05).

On the other hand, peppers treated with vinegantaiaied relatively high vitamin C (54.7 mg/100g neenting
35.7% and 69.5 mg/100g representing 46.7% for (aB% 1.5% vinegar respectively) (Figure 7) at theé ehthe
storage period as compared to brine treated, buasdigh as recorded in refrigerated sample. phenomenon
could be due to the fact that, water loss is mddbrdower in vinegar treatment than in brine treaht. Vinegar
treated samples recorded high values of vitamirh& tuntreated samples (Control) at the end of 42eldys)
storage time. This result however is contrary te findings of Gramlichet al., (2002) [21], which reported that
vitamin C degrades (or oxidizes) more quickly at loH (acidic) medium.

Peppers stored in refrigerated condition maintaitied highest of vitamin C content of 95.5 mg/100rathe
storage period of 48days. This corresponds to 62dtntions of vitamin C. This phenomenon is dugh®
oxidation process correlating negatively with syppf oxygen. Similar result was reported by Lee aatler
(2000) [22].

EFFECTSOF THE TREATMENTSON B- CAROTENE

B-carotene content of fresh red capsicum was foondet 544.9 ug/100g and this value is comparablb thi¢
reference value of 534 ng/100g by US DepartmenAgriculture’s National Nutrient Database. The diéfece
however could be as a result of different soil d¢bods and climate. At Day-Gsamples treated with 10% brine
recorded the least amount pfcarotene, followed by those treated with 0.8% gare(Figure 2).p-carotene
generally decreased gradually in all the samplek atiorage time, with the exception of the refriged sample
which experienced a gradual increase to about 5BBjure 4). This gradual increase pacarotene in the
refrigerated sample could be attributed to the flaat the pepper turned redder when kept in thégezhtor. Hence
its (B-carotene) percentage to other compound seemeal/®ihcreased. The variations in the beta-caratengent
of the refrigerated sample and the treated sanvpdes highly significant (P<0.05). Fabian and Blub943) [23]
reported that vegetables differ in their ability rieiain B-carotene and also the lower the brine concentratize
greater the loss in beta-carotene. Results ofsthidy indicated that samples treated with 10% beimrecentration
recorded a lower percentage of retention (23.6%-batotene) at the end of the storage time thasettreated with
15% brine concentration (26.08ecarotene) (Figure 7). This result also favourabdynpares with lvaret al.,
(1944) [24] who found that during brine preservatitoss off-carotene may occur during fermentation as a result
of microbiological activity or through chemical desction (such as oxidation).

Samples treated with vinegar maintained a relatifie@herp-carotene content (33.5% and 37.1% retention ##60.
and 1.5% vinegar concentration respectively) after storage period as compared to those samplésbnite
treatment. This could be because vinegar is mdextefe in reducing the oxidation process throughiol 3-
carotene is lost.

EFFECTSOF THE TREATMENTS ON MICROBIAL LOAD

The microbial load of the fresh pepper samples feasd to be 7.24 log CFU/g, with total coliform etuecorded
as 5.84 log CFU/g. These values are however withen range of specifications for fresh vegetablesthsy
International Commission for Microbiological Spéc#tions for Foods (ICMSF). The high microbial camination
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observed in the pepper may be a reflection of émitary quality of the cultivation water, the typEmanure used,
harvesting, transportation, and storage, of thelywe. The results favourably compares with othaties (Beuchat,
1996 [25]; Ray and Bhunia, 2007 [26]; Uzattal., 2009 [27] and Bukaet al., 2010 [28]).

After treatment (on Day 0) with the brine solutiptise total plate count dropped to 4.56 log CFlatyl 4.47 log
CFU/g, in samples treated with 10% brine, 15%dyriespectively (Figure 5). With respect to totaiform count,
there was also a drop to 3.64 log CFU/g and 3.§10BU/g, for 10% brine and 15% brine respectivéiggre 6).
The results favorably compares with the resultdvah et al., (1944). On the other hand, samples treated thigh
vinegar solutions, had their total plate count gexpto 4.20 log CFU/g and 4.11 log CFU/g in samplested with
0.8% vinegar, and 1.5% vinegar respectively (Figi)rewhile the total coliform count dropped to 314§ CFU/g,
and 3.41 log CFU/g for 0.8% vinegar and 1.5% vimegapectively (Figure 6). Refrigerated samples itedatively
equal amount of total plate count (7.24 log CFlgd total coliform count (7.24 log CFU/g) as thbserved in the
untreated sample (Control). Vinegar-treated samplgerienced a greater reduction in both totaleptaunt and
coliform count (Figure 8). Results of this studydarably compares with previous reports of microtdsad
reduction observed in vegetables washed and rinsédegar [29, 30, 31]. The observed proportiorratiuction in
microbial loads was more in samples treated wighhiinegar (1.5%) concentration. This can be aitgd to the
further reduction in pH and most bacteria cannetigsa in acidic conditions. Similar findings werétained by a
study conducted by Emt al., (2010) [32]. The differences in the variationswitrobial load in the vinegar-treated
and untreated samples were highly significant (B)0.The total plate and coliform counts for thérigerated
sample did not experience much increase duringptheod of storage. This could be due to the faet tbw
temperature inhibited the activities of microorgans. There was a significant difference betweernvénations of
the microbial load of the refrigerated and untrdatamples (P<0.05).

CONCLUSION

The study provides foundation for minimizing postrtest losses by using appropriate storage methbdgas
found that quality of vegetables which were stdredefrigerated condition maintained better quaditiributes and
gave the highest shelf life (48 days). Results aidicated that shelf life of brine and vinegaratexd samples had
their shelf life extended for at least 3 days (4%s) more than as compared to the untreated (39.dage study
also found that, essential nutrients (vitamin C $nchrotene) were favourably maintained in the refiddged
conditions.
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