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ABSTRACT

Quantitative lossesin various biochemical constituentslike capsaicin, carotenes, ascorbic acid, polyphenals,
mineral matter, sugars (soluble and insoluble), protein and fat were estimated after the successful growth of
Aspergillus flavus for 30 days on powdered red pepper. The fungal biomass was measured by ergosterol
content and Aflatoxin B; by HPLC. Amongst the various nutritional constituents evaluated for nutritional
losses and changes the highest nutritional loss was reported in total carotenoids (88.55%) followed by total
sugars (85.5%). The protein content of the infected sample increased from 18.01% to 23%. The nutritional
profile of chilli powder (Capsicum annum var. sannam L.) shows highest share of total soluble sugars
(32.89%) and fiber content (21.05%), followed by protein (18.01%) and fat (13.32%) making it anideal solid -
substrate for mould growth. At the end of incubation the fungal biomasswas 192. 25 mg/ 100 gram powder,
total plate count 17.5 X 104 CFU/g and Aflatoxin B; content was 30.06 g / kg.
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INTRODUCTION

Many agricultural commodities such as cereals, oilseeds,
dry fruits and spices have been reported to be contaminated
with toxigenic moulds and aflatoxin B; under faulty storage
conditions (1,13,21). Chillies are reported to be contaminated
with moulds and their toxic metabolites and Aspergillus flavus
is the predominant mold on chilli samples in several cases
(9,11,18,25,26).

The occurrence of Aspergillus spp. in spices pose a serious
health hazards as these are toxigenic moulds which produce
aflatoxins; a potent hepatotoxic and carcinogen. Powdered red
pepper is often added in variety of Indian snack foods without
any processing or raw, thus presence of toxic metabolites and
mouldswill have seriousimplications on nutrition and health of
human population (5). Inthe US, the FDA uses an action level
of 20 ug/ kg asthe maximum residue limit allowed in food for
human consumption, except for milk. For overall sanitary
precaution principle, the European Union has enacted very

severe aflatoxin tolerance standards of 2 g / kg for aflatoxin B,
and 4 ug / kg for total aflatoxinsfor commodities used in direct
human consumption (6).

Onifade and Agboola (17) studied the effect of fungal
infection on proximate nutrient composition of coconut and
recorded significant decrease in carbohydrate and crude fibre
content. Significant biochemical changes and decrease in total
phenols and sugar content of fruits of bell pepper in response
to infection by Phytophthora nicotianae is reported (7). Azad
(3) reported that there was reduction in the content of sugar,
ascorbic acid, nitrogen and sulphur in chilli fruitsinfected with
Colletotrichum capsici. Prasad et al. (19) observed the
association of various moulds with chillies and their role in
decay and discolouration. They reported that Aspergillusflavus,
A. terreus, A. candidus, A. niger, A. sclerotium, Fusarium
moniliforme, F. sporotrichioides, Syncephal astrumracemosum,
Penicillium corylophilum and Paecilomyces varioti were
commonly found on decaying chilli fruits stored in humid region.
They aso noticed the decrease in capsaicin content due to
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fungal infection. Sauer (24) reported effects of fungal infection
on nutritional value, toxicity and germinationin grains.

In this study we investigated the extent of fungal growth by
estimating the ergosterol content and its effect on quality of
red pepper powder in terms of nutritional changes and AFB;
content.

MATERIALSAND METHODS

Reagents

Analytical grade ergosterol standard (>85% pure) was
procured from Sigma Chemical Company (St.Louis, Missouri,
USA). HPLC gradeAflatoxin B, standard (1 pg/ mL in methanol)
was purchased from Supel co, Bellefonte, PA, USA. HPLC grade
standard capsaicin (> 97% pure) and DPPH (>85% pure) from
Fluka, Germany. Potato dextrose agar, yeast, bacteriological
peptone, ferric ammonium citrate, dichloran, agar, dihydrogen
potassium phosphate (KH,PO.,), dipotassium hydrogen
phosphate (K.HPO,) for buffer preparation and B-Carotene
standard (> 97% pure) was procured from Himedia Laborateries
Private Limited, Mumbai, India. The culture media was
microbiological grade and other reagentswere analytical grade.
AR grade Guaiacol and 2, 6- dichlorophenol - indophenol
dye; HPLC grade trifluoracetic acid, acetonitrile, methanol,
tetrahydrofuranfrom Merck SpecidtiesPrivate Limited, Mumbai,
India

Micr oor ganism and spor esuspension prepar ation

Aspergillus flavus NRRL 3357 was abtained from the U.S.
Department of Agriculture, Northern Regional Research Center,
Peoria, IL, USA. It was maintained on Potato Dextrose Agar at 4
+ 1°C. Sporesuspensionswere prepared from 5 day old A. flavus
NRRL 3357 cultured on PDA dants(pH 5.7 + 1) at 28+ 1°C and
the spores were harvested with 10 mL of sterile potassium
phosphate buffer having pH 5.7 £ 1 and sterilized through
membrane (0.45 pum) filtration. Spore suspension was adjusted
with the same solution to give afinal spore concentration of 4.7
X 10° spores per mL and was utilized the same day.

Preparation of Substrateand I ncubation

Red pepper (Capsicum annum var. sannam L.) of good
quality was procured from Indian exporter (Indian Mart, Andhra
Pradesh, India). It was powdered in laboratory mixer (Kenstar
multi purposefood processor and mixer grinder, model: MF0204,
India) sieved and stored in airtight polythene pouchesat 4°Cin
desiccators for further use in experimental procedures. 100
grams of sample were taken in duplicates and autoclaved at
121°C under apressure of 15 Ib/in? for 15 minutes to remove
any microbia contaminant. Each samplewasinoculated with 3
mL of spore suspensions(initial inoculumlevel 10* spores/ mL)
in sterile potassium phosphate buffer (pH 5.7 £ 1). The
uninocul ated samplewas considered as control. Theinoculated
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sample was incubated in sterile conditions at temperature 28 +
1°C and relative humidity of 90% + 1% for 30 days in
Environmental Test Chamber (Remi, IndiaPrivate Ltd, Model -
CH10S).

M easur ement of fungal biomass

Extent of fungal invasion was measured by ergosterol
content of the infected samples according to method described
by Naewbanij et al. (16) using precoated Silicagel-G TLC plates
(20 X 20 cm, coating 500 umthick, G-25 HR, Glaxo Laboratories,
India) and ultraviolet spectroscopy to quantitate at 282 nm.
The content was expressed as mg dry weight mycelium / g
powder).

Total Platecount

Plate counts were done by standard procedures using
Aspergillus flavus & Aspergillus parasiticus agar: Yeast -20
g, Bacteriological peptone: 10 g, Ferric ammonium citrate: 0.1
g, Dichloran: 0.2%in ethanol (1 mL), Agar: 159, Distilled water:
1litre.

Aflatoxin B;analysis

Aflatoxininchilli sampleswas detected after derivatization
of AFB; with trifluoracetic acid to aflatoxin B, by HPLC
(Shimadzu LC7A RF-535T system, Japan) with fluorescence
detector and xenon lamp source by the method described by
Vasanthi et al. (27). The chromatogram peaks were integrated
on a Shimadzu-C-R6A chromatopac integrator. The HPLC
column used was a reverse phase column with Zorbax ODS
Packing (5 um particlesize) 4.6 mmi.d x 25 cmlength. TheHPLC
operation conditions were Excitation wave length - 365 nm,
Emission wavel ength - 440 nm, Working pressure- 170-180kg/
cm?  Pressure maximum - 200 kg / cm?, Mobile phase- Water-
acetonitrile-methanol - tetrahydrofuran (50 : 25: 16: 9), Flow
rate-1 mL / minute.

Nutritional analysis

Total capsaicin. Capsaicin was measured by colorometric
method (22). Capsaicin was extracted using dry acetone and
then absorbance was read at 650 nm of the clear blue colored
solution. The concentration of the sample was calculated from
the standard curve prepared using capsaicin standard and
expressed in ug / 100g dry weight basis.

Total carotenoids. Carotenoids were extracted & estimated
by spectrophotometric method (23). Absorbance was measured
at 436 nm; concentration caculated from the standard curve
and expressed in mg/ 100 g dry weight of chili powder.

Total phenolics & Radical scavenging activity. The content
of total phenolic compound was determined by Folin - Ciocalteau
method (12). The concentration (in Guaiacol equivaent - GE)
was determined from the standard curve and expressed in mg /
100 g plant material . Antioxidant potential was estimated by 2, 2-



Diphenyl-1-picrylhydrazyl (DPPH) assay by slightly modified
method of Brand-Williams et al. (8). 100 pL of chilli extract in
methanol wasadded to 0.5 mL solution of 2, 2-diphenyl-1-pycryl-
hydrazil (0.25 mM in 95% methanol). Mixture was shaken and
allowed to stand at room temperature in dark for 15 min.
Absorption of blank sample (time = 0 min) was aso prepared
and its absorbance measured immediately. Decrease in
absorbance was measured at 517 nm using a spectrophotometer.
Percent inhibition was cal culated from control using formula %
inhibition = (Ab-Aa/Ab)* 100, where, Abisabsorption of blank
sample (time=0min) and Aaisabsorption of extract at (time=
15min).

Ascorbic acid content. Ascorbic acid was quantitatively
determined according to 2, 6- dichlorophenal - indophenol dye
method as described by Jones and Hughes (14).

Proximate Compositon. Moisture, total ash (mineral matter),
crudefiber, crudefat, total sugarsand total protein content was
determined by standard official methods of analysis (2) and
expressed in percentage.

RESULTSAND DISCUSSION

From the present study it was seen that there is appreciable
lossesin theimportant biochemical constituents of chili powder
upon mould growth. Red pepper powder proved to be an ideal
substrate for Aspergillus flavus growth and aflatoxin
production. The initial moisture content of the powder was
8.04% db and upon infection and storage the moisture content
raised to 24.05% (db). High moisture content helpsin survival
and growth of the mould. After 30 daysof infection densemycelial
mat and sporulation (conidia) were prominent. The nutritional
content was estimated on dry weight basis. The chili powder
was inoculated with initial inoculum level of 10* spores/ 100
gram of powder. The total fungal count at initial days of
incubation was relatively low but increased from 4.2 X10* to
18.9 X 10*to CFU / g; the growth became stable after 20 days,

Nutritional changesin red pepper

Table 1. From the Fig. 1 we can infer that fungal biomass and
aflatoxin production increased proportionally with increase in
storage duration but aflatoxin production only started after 10
daysof incubationtime. Also, at theinitial 10 daysof incubation
therate of fungal growth was slow. The maximum Aflatoxin B,
(AFB,) producedin chili powder was 32.47 ug/ kg after 25 days
of storage.

Table 1 presents the nutritional information about the
changes in important biochemical constituents of red pepper
powder during mould infection and storage; most of these
parameters studied are also mgjor quality criteria's for pepper
export and consumption. Itisevident from thetable 1 that except
total proteins all other constituents showed remarkable losses
due to fungal growth. Total protein content increased from
18.01%t0 23%. Onifade and Agboola(17) also observed similar
trend in increase in protein content due to fungal infection in
coconut and postulated that proliferation of microorganism
synthesize several enzyme proteins and sometimes cause
rearrangement of nutritional composition of substrate due to
formation of several degradation products thereby increasing
its protein content. From Fig. 2 we can see that maximum
nutritional losseswere encountered for total carotenoids, sugars
and fat. In al the biochemical constituent studied at initial
incubation days there were no significant drop in the values
but after 20 days of infection dueto increasein fungal biomass
there is considerable drop in all the constituents. The growing
fungus utilizes the congtituents of substrate for its growth may
be the reason for same.

Moulds acquire nutrientsby producing extracellular enzymes
to break down organic material or the complex food sources.
The resulting small molecules are then absorbed by the
myceilium to fuel additional fungal growth. Aspergillus sp. are
known to produce pectinase, xylanases etc. which breakdown
the hemicellulose, cellulose, lignin or all the insoluble
carbohydrates (crude fiber) of the plant material into simple
sugars. The soluble sugars are good source of food and carbon;

Table 1. Amount of particular nutritional parameter upon storage under in vitro infection by Aspergilusflavusin red chili powder.

Storage Fungal Count Ash Crude Fat Total Tota RSA  Ascorbic Total Total Total
days (LogCFU/ (%) fibre (%) Protein sugars (%) acid Phenols Carotenoids capsiacin
g)* 10¢ () (%) (%) (my100g)  (mg/100g)  (Mg/100g)  (Hg/1000)
(conc'zrol) 975 1898 133% 1801 3289 9%6.78 86.98 495.26 13365 995.395
5 42 945 1775 1022 1788 284 882 22 48254 111.28 978.88
10 6.8 842 1546 883 142 2418 6343 64.48 48022 112 5488
15 104 626 1342 572 2112 125 259 48.36 220.36 7545 595.46
20 18.82 342 86 223 2245 474 1882 2896 218.89 2335 620.15
5 189 288 88 234 3 488 1876 2778 21889 2442 622.35
D 175 283 778 242 3 475 1872 2628 21826 1529 621.38
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Figure 1. Effect of incubation time on fungal biomass and
aflatoxin B, production by A. flavusduring in vitro infectionin
red pepper powder.
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Figure 2. Percentage change in the biochemical constituent of
powdered red pepper after 30 days of successful growth of
Aspergillus flavus.

itiseasily digested by the fungus. With the aid of extracellular
enzyme system Aspergillus sp. successfully uptook the sugars
present in chilli powder for its establishment is the reason for
its depletion at the end of incubation. Rajarathnam et al. (20)
also observed quantitativelossesin Cellul ose, hemicellulose(s),
lignin, total carbon and total nitrogen during growth of Pleurotus
flabellatus on rice straw.

There was drastic decrease in fat content from 13.32% to
2.42% (82.31% L 0ss); the breakdown of fat by lipases present
in A. flavus for its uptake may be the reason for this. The
decrease in ash content; which is an indicator of total mineral
content of powder also was on similar trends as observed by
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Aziz et al. (4); who reported that Aspergillus flavus depleted
the zinc, copper and iron from the corn. Thus there is direct
correlation between metal uptake and mould growth.

There was only 37% loss in capsaicin content, Fig. 2, the
recorded loss in capsaicin content might be due to fungal
enzymatic (peroxidases) oxidation of the vanninyl moiety into
other secondary substances.

Carotenes are largely responsible for the color of the red
peppers. Initially the color of the powdered red pepper was
brilliant red but after 30 days of infection the powder wasclearly
looking moldy and dull colored. The carotenoids are very
sensitive to oxidation and degradation in response to
environmental stress. They are highly unstableand high relative
humidity leads to enzymatic hydrolysis of the structure and in
turn makes it susceptible to the oxidation and loss (10). It can
also be hypothesized that during microbial growth there is
increase in respiration rate which generates some amount of
heat inthe micro- atmospherewhich may have effect on stability
of carotenes. There are also reports on clevage of B-carotenes
into some flavor compounds by fungi (28).

The loss in ascorbic acid content can be attributed to its
vulnerability to light, oxidation and heat. The level reduced
from 86.98 in control sampleto 26.28 mg/100gin highly infected
sample at end of incubation (fungal biomass 192.25 mg /100 g
powder). Aspergillus flavus secretes various phenolases in the
substratum (15) and it is reported that vitamin C is sensitive to
phenol oxidaseswhich facilitate its oxidation. The oxidation of
polyphenols by phenolases may aso be the reason for about
55.93% loss in polyphenolic content of the infected sample.

Free radical scavenging activity measured by DPPH assay
depends upon the hydrogen donating ability of the
antioxidants. Antioxidant activity is a function of various
chemical compounds, of which phenolsplay an important role.
Plant phenalics constitute one of the major classes of plant
compounds which act as free radical scavengers. Other then
phenolics, B-carotene and ascorbic acid are also good source
of antioxidants. The investigated variety of red pepper had
significantly good amounts of potent radical scavengerslike 3-
carotene, ascorbic acid and total phenols and correspondingly
strong RSA (96.78), Table 1. Fromthe Fig. 2, it isobserved that
most of the biochemical constituents show more then 60% of
nutritional losses after mould growth. All these factors lead to
deterioration of the nutritional quality of chilli powder and
significantly contribute to the low antioxidant potential (18.72)
of the mould infected sample.

CONCLUSIONS

Therearevariousreportson fungal colonization and aflatoxin
productionin red pepper, however thereareno or limited studies
on extent of A. flavus growth and consequently aflatoxin B,
production leading to quality changes in powdered red pepper



during storage. Various biochemical changes caused by
numerous other fungus in different food products are also
reported. The present investigation reportsfor thefirst timethe
effect of A. flavus growth on nutritional content of chili powder.
From theresultsit can be concluded; that the successful growth
of A.flavusand aflatoxin productioninred chili powder suggests
it can be used as a good and cheap solid substrate for the
fungal growth and aflatoxin B; production. Inspite of the
presence of pungent compounds in red chilies the high sugar
and fat contents of chilies offer agood source of energy for the
survival and establishment of the fungus. Appreciable amount
of carotenoids in red chilies are also good source of
carbohydrate for the mould growth. A. flavus produces various
enzymes in the substrate during its growth which aid in its
metabolism resulting in overestimation of the total protein
content. Significant variationsinimportant biochemical content
between infected and control (mould free) samples indicates
that mycofloracol onization produce some biochemical changes
in the food properties during its growth. The fungus utilizes
some of the congtituents present in the red pepper for itsgrowth
leading to their quantitative differences and losses after fungal
contamination. The changes that occur during infection and
the resultant effect on nutritional quality are important dietary
considerations. Some of these constituents are also important
quality factorsfor export of the red pepper powder.
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RESUMO

Alteracdes nutricionaisem pimentavermelhaem pé
apé6sinfeccao in vitro com Aspergillusflavus

Foram avaliadas as perdas de varios constituintes
bioquimicos como capsaicina, carotenos, acido ascérbico,
polifendis, matéria organica, agucares (solUveis einsolUveis),
proteina e gordura em pimenta vermelha em pé apos a
multiplicac@o de Aspergillus flavus por 30 dias. A biomassa
fungicafoi mensuradapelo contetido de ergosterol e aflatoxina
por HPLC. Entre os varios constituintes avaliados, a maior
perda foi a de carotendides totais (88,55%), seguido de
acucares totais (85,5%). O contetdo protéico da amostra
infectadaaumentou de 18,01% para 23%. O perfil nutricional
da pimenta em p6 (Capsicum annum var. sannam L.) indica
ato teor de agucarestotais(32,89%) efibras (21,05%), seguido
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de proteina (18,01%) e gordura (13,32%), tornando-a um
substrato ideal para crescimento de fungos. Ao final dos 30
dias, abiomassafungicafoi 192,25 mg/100g, acontagem total
em placasfoi 17,5 x 10* CFU/g e o contetido de aflatoxina B1
foi 30,06 pg/kg.

Palavras-chave: Aspergillusflavus, pimentaem po6, alteracdes
nutricionais, aflatoxina
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