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IRTRODUCTION

The State of Kerala is well known for its
spices even from time immemorial, Pepper
(piper pigrum Xe)s known as the 'King of spices’,
was the prime attractant of the foreign traders
to this state, Pepper occupies the most important
rlace in world's spice trade and covers more than
55 por conmt of India's trade of spices, accounts
for nearly B, 35 « 40 crores of foreign exchange
annually (Mathew and Bankarikutty, 1977).

The annual production of black pepper, otherwise
known as ‘black qom‘, in India is around 35,000
tonnas cnid the State of Kerala alons accounts for
96 per cont of the production (Anonymous, 1981).
Kerala almost holds the monopoly in India for the
production and marketing of pepper in different
grades and forms, Popper is mainly produced in
homcstead gardens as an intercrop and also as a
monowculture, After d&rying for four to five
dayes in bright sun, the produce goes to the village
noTkets and £rom there to the assembling markets
in bulk or es =mall lots, From tho assembling
markets, the black papper ies carried to the



exporting centres at Cochin, Calicut and Alleppey
and got aaunbluﬂ for effecting sales by the
commission agents, Then the produce goes to the
wholesale tradars and exporters,

In India, papper is harvested during Decembefe
Januarys The tradas of pepper is a continuous process
throuzhout the year, even though the Wt in
done only Zuring a short period, 50, 4t involves
the process of storage for a long time, The
truditional belief 4a thot 1f popper is properly
dried and stored, 1t can be ke t for years
tugethore But this belief is true only to &
certain oxtent, Pepper, like any other agricultural
product:, is affected by microesorganisms before
and after harvest, Papper comes undexr the
catagory of send-parishable agricultural conmodities,
o’ which the quality deterioration duc to microe
orjanisms 18 very slow, iuality deterioration
of stored pepper is also takin place due to

storaje nicroflora,

On: of th' oldest preservation methods s &rying
an storing, and this has a direct conssguence of
ranmoval or binding of melisture, without which the



micromarganisms cannot grow, For nearly half

of the year, highly hs;n:.d condition is existing 3.n‘
this part of the countrxy and hence thare is every
chonce for the black pepper stored in godowns 0
absord moisture from atmosphere and facilitate
microbial activity, Very little attention has
been given so faxr to the cuality deterioration of
stored black peppers, =eeping all these aspects
in view, the present study was desiqgned with the
following objectives,

1, .To £ind out the moicsture status of different
grades of hiack pepper stored in export market
during different seasons of the year,

2, To study the periedicel va:;:iatl.cns m the
occurrence of microflora sssociated with the
stored black peppers _

3s To isclote the microeorganisms associated with
the stored black pepper and to identify the samep
and

4., To astimate the deterioration of the quality of

the stored black pepper in terms of its oleoreain,

pipegine and starch contents and to assess the
roie of each microworganism in changing the
quality of the product at various levels of
humidity,
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REVIEY OF LITSRATURE

Agricultural commoditios are subjected to
considersble spoilage by nicroworgeniams, The
damage to perishable cormoditiecs are very well
visualired since the parishable nature of the
commoditics is attributed to the asmociation of
microworgoniams, In the case of semieperishable
cormoditics also nicromorganisms are causing
damage, but in a relatively slow manner, The
qualitative deterioration is taking place in
storage duc to infestation by microworganisme
under storage conditions (Jay, 1970)., The
stored black pappor which s of & semimperishable
nature is prond to Quantitative and cqualitative
deterioration in storage due to the attack of
microflora,

Christensen and Kaufmenn (1985) reported two
sources of microflors ocecurring in stored
asgricultural conmodities, namely, those which are
carried from fleld t storage and those
cicroflora which are usually present in the
warehouses, The studics on microflora
aspociated with blae); popper have been carried
out by very few workers, m:wwg’isw (1970)
studied the fungal flora of black and white pepper
as well as the factors affecting their development



by examining 71 ssmples of black peppsr, - The
number of fungal colonias per gramme of ground

black and whits pappor with moisture contents of

14 to 19 por eent voriad from 200 to & lakhe

and these consisted of seven Sifferent species,

in genoral, the ground products had higher

microbial counta than unground producte, ue to

the additionol steps in processing and Gue to the
greatar surface area provided by the particles in the
ground product,

Krishnaswenmy gt ade (1971) gave an account of
the populations of micromorganisms in spices and
spioa mixtures, According to them, the total
mnicrobial load in splces and spice mixtures ranged
£xom 20 m'/q to 58 x wﬁlq. Coliforms were
also detected in black papper, Yesst and mould
infentation vare present in sll types of spices
but in black peppor the infestation was heavy
(9,800/g)s  Incidence of mesophilic putrifostives |
ranged from 26 to 920/g. Fonecoaguladse Wpe 1
staphylococci was present in some of the spices, ‘
sparincly.  ClesSridiun pexfrinosns was present
in black pepper while sulphide stinkors and
Sadmonglls spe were completely absent. |



Martines and Christensen (1973) assessed the
fungalflora of black and white peppere They
obtained fungal colénies from 42 sag:las of black
and white, whole and ground peppers which
aversged 83,000/g the rangs boing 500 to 610,000/g.
The major fungi presant wers Asporaillug fiaves,
3+ glamcus. d» gsbEacens, A« rsatsictig,

A. Saparid, A Yopaiceolor and Papicilllup spe
The moisture content of commercizl samples

ranged from 8,2 to 16,2 por cent on wet welght
banis, They also indicated that if the moisture
contant of black pepper is kept balow 13 per cent,
perhaps infeststion by fungi could be wardsd off,
Krishnsswanmy gt §le (1974) datoxmined the
microbiclogical quality of certain aploes
including black popper and have stated that
fumigation with & minture of ethylenescxide and
methyl-formate resulted in considerable reduction
of total microbial load and complote destruection
of soliforms, yeasts and moulds of black pepper,
Pospisil and Ljssevic (1975) cbearved that
the spores of anssrobic bacteric were present in
white and black peopper and thet Zgchexishis gell




and Protsiis sppe wers obsent in all semples
exanined, Mamson (1978) studied the hygienic
quality of %30 commercial samplos of produce
including black and white pepper by analysing
their microbiological quality, The organisms
obtained wers coliforms, enterococci staphylocoeei,
CAostridiun peEfxingens, yeasts, mildew and moulds.
Ragel gt gl (1979) determined the serobic
and anaarobic bacterial spore forms occuring
in ground black pepper, Bactsrial growth was
not detected after culturing at 62°C, The
maximum counts of bacterin were obtained from the
unheatad ground black pepner wvhich amounted &0
about 10™9/g, After heat trestment at 100°C
for ten minutes, the counts were as low as 10™3/g,
Von Loreh g% ale (1979) studied the
microbiological aspects of 20 types of herds and
azices including black repperes The total
mesophilie count, yesst + mould count and counts
of coliforms, Eschexichis codd, Stamhylecogous
2ureln, sulphitesreducing clostridia,

Shestridium pexfringens in different spices
were detarmined,



Seenappa snd Kempton (1960) studied the
bacteriological guality of both whole anid ground
forms of bhlack pepper which were offered for
sale in eight retall stores in a Canadian city,
Coliforms 1,100/¢g and entegroecoeci ranging from
5,3 x 104 0 21,5 x 10°/g vere detactea in some

of the samples, Epcherishis geldl. Klsbaiella
sheumoniag. AcibsSohogter salgcaceticus and

Streptocoecys fasgalls were isolated and
biochemically characterised, The serobic

bacteria in the industrial samples ranged from
6.1 x 105 to 73 x 10° 1n noneethylene treated
and 2.0 x 10? to 41 x 107 in ethylene treated
samplos, .

Morenosiartines (1970) reported that eight
isolates of the major fungi which they obtained
from black and white pepper were lethal to rats
to the extent of 64 per cent, On thias basis
it was concluded that pepper might be a suitable
substrate for aflatoxin production, !Mislivee gt al.
(1972) determined mycotoxic moulds in samples of
imported white and black pepper, Seventy three
por cont of nomdisinfected black pepper samples



contained mycotoxic moulds while only 12,3

per gent of disinfected samples contained moulds,
indicating surfage contamination of the moulds,

_, iiiue glaugus predominated both before and
after &smtwum All samples of white pepper
both before and afm disinfection contained

mould, indicating internal contanination,
Agpergidllus glausug was rare in wiilte pepper samples,
lsolates of AspokgAldus SAavus, de sehragsus.

A+ YOEBACOJOF and R+ SALEIONE Produced myootoxin

on sterile rice,

Pal and Kundu (1972) determined aflatoxin
production by Agoeraillug sppe from various Indien
spices ranged from 0s1 to 10,1, 0,1 to 2,9 and
0.0 to 7,5 mg/ml respectively. Eipet Digrup
vas found to be the best mediun for aflatoxin
producing fungie Julseth and Deibel (1974)
reportad that none of ths organisms detected in
stored spices was of any potantial public health
hazards, Guergue and Ramires (1977) warned
about potential contamination of ssusages through
afiatoxin contained in red and black pepper used
in the preparations, They tsolated 525 streins
of moulds from samples of red pepper (Capaicum ADnNR)
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and black pepper (24peK RAGKWR) commonly used for
epanish sausages, Of these, 100 isolates belonged
to Agparailiug flgvus group out of which 31 were
from black pepper among which, 8 strains produced
aflatoxin B},

Most of the epices used in food products
are contanminated to varying extent with mould
spores, yesasts, bacteria and insects, There are
fow reports that when the black pepper and white
povoer are used for the preparation of food
stuffs, the food itams get contaminated with
microworganisms,

Vollkova (1971) studied about Bacillug Sereus
contanination of foods and environment at
institutional feeding centres, Among the food
samples and additives analysed it was found that
splces and condiments, particularly black pepper
were heavily conteminated, Dragoni (1978)
reported the rule of fungal contamination of
black pepper in mould growth on dry sausages, He
exanined granular, coarse oxushed and powdered
form of black pepper sanples incubated st 28 or
35°C on malt agar with two or three per cent
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salt to detexmine the extant of their contamination
with moulds, lHe detected ten different spocies
in the grains and the parcentage of samples
contaminated with Pepicillium lapesecosrulews

wea the higheat being 20 to 70 per cent,
Apperglllug gleaugus contaminated 20 to 50 per cent
while As gandidus infested 10 to 20 per cent of the
samples, In the crushed pepper six species were
obgserved, A. glaugus and Ps lanogocosrulsum (both
1£00 to 106,000/¢) bheing the major sources of
contanination and in poder, ten species were
found, the major contaminants being A. glaucug
(20,000/¢), A. £80didus and an unidentified
spacics of pepigillium (both 1,000 to 10,000/¢),

In the case of crushed pepper salt nixture four
spacies were found, of which A, glapgus and

2+ pdgex (both 100 to 1,000/g) were the major
contaninants,

Foyreau and Moreau (1978) conducted mycological
analysis of spice samplea Gsported to France and
have reported that some of the contaminations
apoiled the appearance of the food products thereby
rendering; the products umsaleable, Some of the
other contaminants were toxigenic and were,

theraiore, Jdangarous,



Scharner and Schiefer (1978) repoxtad that
high loads of bacteria in spices may be responsible
for spoilage of spicescontaining meat products and
may thus cause & haalth hazards to conoumers, g
Approximately 30 samples of spices and spice blends
were tested for moulds (Papnicilliium and
agceruillus =vp.). Saimonellss Dacillug species,
coliforms and sulphite reducing clostridia,

Slaek pepper showed wvery high levels of
contanmination (total bacterial counts
approximately xo’/g). They have recommended
sterilization of spices by fumigation with
ethylene-oxide tc reduce the moulds,

Holsturs content is well recognised as an
imported factor that govern the deterioration of
black peppers For each species of storage fungi,
there is a minimum level moisture content below
which cannot grow in stored products,

Morenowtiartines (1970) gave results on the
molsture content of pepper dried me ¥
methods of oven drying, namely, 103°C to
constant weicht, 130°C for one hour amd at 98°C
under vacuum for five hours, as ranging from
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048 t0 3,2 per oent higher than those determined
by the toluwene distillation procesa, Martines
and Christensen (1973) em that moisture content
of the commercial samples of black papper ranged
from 8,2 go 16,2 per cent on wet weight basis

and indicatad that a moisturs content of 13 per
cent or below af!w protaction to stored pepper
from invasion by storage fungie

Jose (1978) reported that mﬂa inadecuate
drying or vhen black papper is stored under
situations chazrssterised by high ambient moisture
contant, storage fungi sppeared ca the product
thereby influasncing its appearance, Sumathykutty
2t ale (1979) found thet moisture content in
various commereial grades of garbled and ungarbled
materialg varied from pinhead to ripening stage
at specific intervals in a particular variety,
They also reported that the average weight of
bexrries showed incresse while the moisture
content showved decreass upto the maturity stage,
The moisture content is an important factoxr that
influsnces growth of storage microesorganisms in
other agricultural commodities, Fishlock (1929)
found Agperuilivg MAQEK end ). Ziavug growing oa



insufficiently dried coprs, Ward (1937)
reported that A, glaugus orowp and Penicilliwe
gitnucul preferred a moisture content of about
seven per cent, while the A. Samakilds Ao wensdd
and As gchrageus prreferred 12 per cent moisture
content, while . Digeks EMARORUS DAGkiGans and
. 384p0sa sesmed to prefer a moisture
content botween 13 and 20 per cent, He furthex
stated that salerotial formation of A. flawus
tolerated a moisture sontent ranging from 7 @
15 por cent, with an optimum between 12 and 18
per cent, Dry copra detericrated rapidly undes
combined action of bactaria and penetrating
moulds when its moisture content was over 12 per
cent and when the ambient relative humidity was
80 per cent, tha tamperature baing 28 to J0°C,
Below 12 per cent moisture, Agpercillus flaves
grev superficially bt the penetration of the
tiasues were limited to iscl:ted arsas vhere the
bacteria could reach to establish themselves
prior to the fungal invasion, Hacteria causing
deterioration of copra remsined dosmant indefinitely
on copra having six t eight per cent moisture
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undex ordimary eonditions of temperature and

There is extansive literature about the
deterioration of oil seeds such as groundnut,
corn and soybean, Pettit gt al. (1968) cbsarved
the occurrence of Bagillug subtilis from freshly
harvested or daried groundnut kornels,
particulsrly the sampleg with hiigh mofsture mntm.

Christensen and lopea (1963) esatablished that
the following low limits of molsture donmt.
{based on per cent wet weight) pormitted invasion
of starony cereal seeds such as vhsat, barley
and maize which ware Xept at 30 to 218°C,
Asperuiliue halephiligus and A restrictus
13,2 per cent, {¢ SADAAANR 15.0 por cent,

As gohrageus 15.2 per cent and A, Llavug 18,0

per cents The colonies of A. gastrictus from

whaat kopt for 100 days at 20 to 25°C at moisture
content Of 14,4 por cent numbered 7,350,000 while

at 14,6 per cent tha colony count was 2,710,000

and at 14,9 per cant this was 4,910,000, An
increase of 0,2 por cent in the moisture contant
thus led to fiveefold increase of storage microflors,
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Christensen and Keufmann (1968) observed that
ASpaxuAllus spe and Peniciliium spe could
proliferate on rice grains with a soisture
content of 12 0 16 per ceat, vhereas Rhizopus
spe reguired a moisture content of 16 o 22 per
cent, Majumder and Vemugopal (1969) reported
the effect of molsture content on the production
of psritheclal bodiea, Perithecia of A, Zepeng,
2» apetelodend, & SSVAMGLA and A ZNRAD, VALl be
produced on careal grains if the moisture content
is atloeast 15,0 to 15,5 per cant, There is a
pogitive correlation between moisture content and
growth of storage fungi on sorghum (Burrouch and
Sasucer, 1971}y Rice (Christensen and Mirocha,
1976); Sunflower (Christensen, 1971)s lheat
(Domentgg ot ale 1951)p Pea (Field and King, 1962))
Cotton (Halloin, 1978)y Soybean (Milner and
Gedden, 1946) and in Ragi (Ublisami and Srinivasa,
1973). Christensen (1972) reported that the
moivture contant of gsunflower seeds and agticity
of Aspergilivg glaugus end A. ESPSEAOtUS were
positively correlated,

The development of mould depends more on the
relative humidity of the storage tamperature then
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the moicture content of the grains (Gosh, 1951),
He also mne},u&ta that Agpepgillius glaucus end

A, gandidus een grow on rice with a humidity of

70 per cent or below whereas Mucor and Fusarium sp,
recquired sbout 8% per cent relative humidity for
their successful growth. Majunder gt al. (1968)
reportad that 885 per cent relative humidity could
cause viaible ml_.d growth in rice, wheat, sorghm,
bengal gram, green gram, horse gram, groundnut,
cumin and wr;mdah

Due to the infogtion by storage microflora,
the cualitative deterioration of stored semie
nerishable agricultural products is a cormon
rhenomencn,  Reports on the gualitative spoilage
of black pepper due to invasion by storage
microflora are scanty.

Stuiies on the guality deterioxation of
octher serieparishable agricultural products esre
numcrous,  Considerable changes in the quality
of coconut oll due to prolonged storage of copra
have been reported, Stock (1928) observed that
changes in the odour of the oll) content of copra
could be attributaed to the presenca of methyl amyll
methyl heptyl or methyl nomyl ketonss. The fungi



Aspergillius niger, i LlaVuss & BANNS EDLROUUS D«
Eanicilllim *pes Riniedia Dotalansis, Ixishoderma
rizidas, Smoinchamella Yexticillata end
Synsechalastivn Kacsponm which occur on coprs were
found to be capable of utilising coconut oil as a
soures Of carbon for their growth leading to
reduction in oil content (Eyre, 1932 Sreemulanathan
and Nair, 1971)e Varghesse (1932) studied on the
food value of cocomut and reported that the

quality of coconut oil depended t© a large extent
on the quality of copra from which it was
extracted, Imperfectly dried mouldy copra or
copra obtained from immature nuts yleld rancid

and cloudy oil vith had taste and smell,

Changes in the odour of the oil in copra samples
may bs due to the presence of odoriferous

aldehydes or ketones produced as a result of
oxidation due to the infestation by storage
microflora (Thorpe, 1960),

Paul gt ale (1960) studied the cualitative
and quantitative changes of coconut oil on
inoculation with Agpergillus nigex, & LiaYus.
£+ 2aSNG, RDINODUE SPes W BDes




Dagemosm and Ragillug mbtilis singly and in
combination, showed that there was a progressive
reduction in oil content and rencidity. Meximum
reduction in oil was recorded in copra samples
inoculated with A. algas ond A. flovus individually,

Ward and Diener (1961) reported several
biochemical changes in stored groundnut due to
the attack of Agperglillug famaxils, four species of
&> glaucus oroup and isnichliium Sltrinum.
Lalithakumari ot fls (1971) recorded the reduction
in oil content due to storage fungal lipase
activity in groundnmut and castor,

Deterioration of grain was accoompanisd by an
increase in fatty acids and the wvalue denoted as -
Fat Acidity Value, Muges and Christansen (1970)
stuiled the fatty asid content of some cereals
atter invasion by some &eed borne fungi,
Individual major fatty acidas or total fat acidity
increased with increasing levels of invasion by
storage fungis The lipase sctivity of Apperaillus
gapdidue and RopicAllANR #pe Was reported in
wheat (Dirks, 19547 Domenigg g% Ale 1951) with
& moisture level of 15 » 31 per cent, The
lipase anzyme activity was studied by Goodman and
Christensen (1952) on ovzm, Mayne Ruth (1956) on



cotton, Vidyasekaran and Govindasamy (1966) on paddy
and (blisami and Grinivasa (1573) on ragi., The
speciee of AgpesuAlivg, Psnichllivm. Duaskivms
generally increass the free fatty acid, According
to Gooaman and Christemsen (1932), the Qifferent
storage moulds convert fots into fatty acide at
different rates and consuned ther ag the main source
of carbon, Vidhyasekoran and Govindcsamy (1968)
ohsarved free fatty ecid conversion in paddy seeds
of starch in terms of quantity will be very low in most of
the saeds (3arton, 1961). Considersble reduction
in dry veight, starch content and reducing sugars
were noticed in paddy seedz infectod with seed
borne fungi (Vidhyesekharsn and Govindasaswy, 1968),
The reduction in dry weight wes found to be due to
depletion of starche Due to the high production
of enaprgy, from the depletion of starch, there is an
increasing amount of fres fatty acids,

Kochu Babu (1976} indicated that carbohydrate,
protein, fat, reducing sugars and total nitrogen
contant were reduced dus to mould infection and {t
was understood that the earbohydrate metabvmlism 1
altared by pathogenic invesion,
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Cheszy g8 Ake (1974 and 1978) reported changes
in protein and amino acids in peanuts infected with
Apceralllue parasisiousg and alsc observed that the
proteins were hydrolysed first to smsil
polypeptides or inscluble components and then €0
froe anino acids due o the infection,
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MATERIALS AND METHODS

location of the stuldy

The experimsnts connected with this study
were conducted at the College of Horticulture,
Vellanikkara,

1, Sanmple collection

Papper samples used for the study were
collectad from South India Produce Company,
Jew Towm, Cochin, one of the leading pepper
axport company in Kerala, JFour different grades
of pepper, namely, garbled, ungarbled, light and
pinhead were used,

Ungarbled pepper

The black pepper ocollected from the
cultivators (assembling market) containing
fractions and grades like dust, stalk, pinhead,
hollows, immature and berries of different

sises,
Gagbled pepper

The black pepper greded asccording to the
size after cleaning, washing and drying,



23

winnowing and sieving to remove light and
pinhead grades,

Light pepper

The hlack pepper consisting mainly imaature
boerries vhich are very light in weight and are
seperstad by winnowing,

Pinhead pepper

The black pepper, consisting of under.
developed berries due to infartilisation or
any other physiological disorder and which aze
vexy small in sire and seperated Ly sieving,

The samples were collected during four
addfferent months namely, Jsnuary, April, July snd
October of 197980, Care was taken to exclude
lots which received pesticidal treatments,

2, Cuality determination

“The quality aspegts of stored black pepper
ware determined in terms of oleoresin, piperine,
starch and molisture,

2,1 Oleoresin content was estimated by the counter
current extrsction using soxhlet apparstus
(AeSeTere, 1960),
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2,2 For piperins, the total nitrogen in
the nonwvolatile ether extract fraction was
multipliod by the factor 20,36 (CGA, 1965),

203 Starch content was estimated by the
method of Barton (1961),

2,4 Moisture content wvas determinad by oven dry
mathod, Samples af weighed were kept in <
crucibles in & ot air oven at 80°C until
constant weights were obtained, JMoisture thus
detarminod was expressed in percentage dry

weight basis,

3. Estimation of microflora

The quantitative assay of microflora was
carried ocut by serial dilution technicue (Pramer
and Schmidt, 1966), The microflors on wheole and
ground peppoer berries wers esztimated by this
tachnicque, Grinding was done with the help of a
mortar and pestle and the ground pepper was
passed through a 20 mesh siecve, Ten grammes
each of whole and ground pepper baerries were
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transfexred to ':.ao ml sterile distilled water and
these vere shakell well in a retary shaker for
one hour, FProm these, dilutions upto 10”7
dilutions were prepared in starile distilled
water, 7The best dilutions for each group of
organisms were previously determined and those
dilutions were used for further studies,

31 Fungus
One ml of the solution f£rom 10> dilution

was pipetted into sterile petri dishes to which
melted and cocled 15 t0 20 ml of Martin's rose
bengal streptomycin agar (Feptone « 5,0 gf

glucose « 10,0 gy agar 20,0 ¢gp potassium
dihydrogen chosphate « 1,0 g magnesium sulphate «
0+5 g2 rose bengal solution ~ 13300 dilutiony
streptomycin « 30,0 mg and distilled wvater « 1,000 ml)
was poured, Five petri dishes were used for each
samples The petri dishes with the media were
swirled thoroughly to get a uniform distribution,
After solidification, the dishes were incubated at
room temperature for four days, The fungal
colonies developed at the end of four days were
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come.d using dark field colony counter and
valucs were expressed as mumber of colonles
per gramme of dried black pepper,

3,2 Bactaeria

For estimating bacteria population, one ml
of the solution from 10™' dilution was pipetted
into each of the sterile petri dishes and 1520 ml
of nutrient agar (Beef extract « 1,0..g9
peptone « 5,0 g yesast extract « 2,0 gz ager « 20,0¢
and distilled water « 1,000 ml) was poured, The
poetri disches were swirled gently for unifoem
dlstribution of medis in the dish, The dishes were
incubated for 48 bonra at room temperature in an
inverted position, The bacterial colonies
developed were counted with the help of a dark
f4cld colony counter and expressed as mumber of
colonies per gramme of black pepper on moisture

free basis,

3.3 sctinomycetes

One ml of the sclution from 16™° ailution was
pipetted into sterile petri dishes, Melted and
coolod 15 to 20 ml Kuster's agar (Glycerol « 10,0 ¢7
casein - 2,0 gy magnesium sulphate « 0,8 g2
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sodium chloride « 2,0 g7 calcium carbonate « 042 g7
ferrous sulphates « 0,01 gy agar = 20,0 g and
distilled water » 1,000 ml) was pouvred in each
petri dish, The dishes were incubated for seven
days at room temporature and the actinomycates
colonies were counteds These were expressed as
number of colonies per grarme of stored black
pepper ‘on moicture frwe basis,

4, Identification of microflora

All the microflora developed in dilution
plate method were studied,

4,1 Morphological studiss of fungal flors

The young colonies developed in the dilution
plate method vere isolated and cultured in
potatoedaxtrosesagolfe Single spore isclatton/
single hyphal tip isclation was dGone for
maintaining pure culture,

Niorphologicsl characters of the fungal
flora were studiod growing fungi in petri
dishes and by slide culture technigue, All
the cultures were incubated in room temperature,

Csapek's agar medium for Appergillus spp. and



Eenicililim spp and Potato-dextrose-agar medium
for other fungi were used (Alnsworth 1971),

Major morphological characters of the fungi
ware observed by using Clympus research microscope,
The measurements were obtained by taking the
means of f£ifty observations of sech characters,

4,2 IlIdentification of bacteria

Bacterjial colonics devalonad in the dilution
rlate method were streaked in nutrient agar and
sincle colony isolation was made,

From the eingle ecolony izolation, Grams®
mothod (1874) was employed for the identification
of bacteria,

Se Inoculation studies

2lack pepper from the Peppoer Research Caontre,
Vellanikkara, was used for all the in yitgo studies,
Laboratory studies ware carried out with the
Fanniyusel wvariety pepper obtained from the
Fepper Lkegearch Centre, Vallanikizcras The pepper
was brought to a moisture content of eloven per gent
and was then suriace sterilized with ethanol, The
inoculation of different micro-orgsnisms was done
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by smearing the berriss with the following Zungd,

vize Anerudliug BicoE, A sandidus, A. nidulanss
A« yokpisolef, SWEVMIEAS ADatd. Danicidiivg sitxines.
Bacteria gram «va,

6 Status of infeotion of Aifferent microflors

The growth of different microflors, kept at
difforent levels of relative humidity was observed
after incubation for 15 and 30 days and infecftons
ware graded as followss

w 0 growth

« Sparse growth
- ladiun growth
= Erofused growrth

e B » O

Ts Effoct of relative humidity

Gne of the objcctives of thoe study was to £ind
out the effect of different lovelz of relative
humiiey on the jrowth of micromorganisms on pepper
and on the consequent cqualitative deterioration,

Different lovels of relative humidity were

mainteinec inside the desifator (16e20e5w10 em)
by keoning various concemtrations of sulfuric acid
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as followss

Sulphuric acid per cent Relative hunm%ey
. peE gent at 28°C

- 100,0

- 9845
10 - 9641
15 - 92,9
20 - 88,5
25 - 82,9
30 - 7846
as - 66,8
40 - 56.8

Ten grammes each of surface sterilized pepper
in five mm petri dish was inoculated with the
test organisms individually and kept at various
levels of relative midicy, There were five
petri dishes for each sample. Chservations were
taken after 15 and 30 days of incubation to find
out the cffect of relative humidity on the growth
of micromorganisms as well as on the quantitative
and gualitative detesrioration due to specifie

organismoe
8e Statistical analysis

All the data obtainod were analysed statistically



by complets randomised design, Data on
microbial population were analysed after
lagarithnic transformation, Cowefficients of
correlation batween relative humidity and each
of the chemical constituents under study

were also worked out,

31
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RESULTS
1¢ Perxiod of sample collection

Samples of fivo grades of black popper viz,,
garbled, ungarbled, lijht peppasr, pinhcad and
upcouniry grade ware drawn during four seasons of
the year (1979) namely cool dry {(January), warm
dry (April), South tiest momscon (July) and
North East monscon (Uctober). Average rainy days,
temperature and relative humidity during the month
in vhich pepper samples were drawn are given in
Table 1.

From the above table, 1t is clear that during
January thore was o0 ralnfall ard the selative
humi:iity was the least (max, 87,75 per cent and
mini. 65,25 per cent) compared to othor different
seasons of the yeaz, The average moximum and
minimum temporaturas @uring the month ware 31,5°C
ansd 2244°¢C respectively, Thus, this period
could be classified as cool dry pericd of the year,

During April, there were four rainy days
resulting in a total of 57,1 mm rain, which in
turm nas resulted in an increase in relative humidity
(maximun 91,35 per cent and minimum 68,85 per ceat),



Table 1, esther data. (monthly average) during the period of studv. (1379)

Period Number of Total Tenperature in °C Relative hunidity in %
of rainy rainfall

O 2 IR O m M M NS 2 SR N oEx Oy Ezogy 30NN BRI G U CH NS M W R Dy N oW NN
January o 0 31.50 22440 87.75 - $5.2%
April 4 5710 37.20 29,60 91.35 68,88
July 26 835,90 28,50 22,00 95 920 93,28
Uctober 19 185,20 32,00 23,50 97,09 89,25

O T M W o IS W A g B I SO oge B oM O O3 W3 W BT oImUR U R oSN W MR OEY 38 MR oIk W W
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The average maximum and minimum temperatures during
this summer month were 37,2°C and 29,6°C
res;ectively, Thus, the month could be considered
as the warm 4ry period of the year,

Cut of a total of 31 days, there ware 26
rainy days resulting in 895,90 mm rain in July
and this was the peak rainy month of the South
West monooon season, As & result of continuous
rain, there was an increase in relative humidity
(maximum 99,2 per cont and minimum 93,28 per cent)
and a decrease in averaje temperature \maximum
28,5°C and minimum 22,0°C), 7Thus this month
could be considered as the cool moist period of

the year,

North East monsoon was not very severe in
Uatchar, In this month there was only 15 rainy
deys with 185,20 mm reln, A5 a result of
intermittent rains there was a fluctuation in
relative humidity (maximmm 97,0 per cent, minimum
89.2% per cent) and temperaturs (maximuna 32°C
and minimum 23,5°C), Tha average temperature
during this month was lesa than that during
April and more *han that in July, Similarly
the rainfall during this month was less then
that in July and more than in April., Thus this
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period could be considered as warm moist period

of thy YaaXs

2. Moisture status of black pepper in differant
seasuns

Piiferent grades of black pepper were drawn
during the four Aifferent seasons namely,
cool dry preriod (Janmuary), warm dry period (April),
cool moist period (July) and wearm moist period
{Getober)., Moisture contents of the pamnples
were determinoed and the results are presented in
iabla 2,

The results reveal that the moicture content
of different grades in different seasons vary,
The minimunm moisture was observed during the wamm
dry period of the year (April) in all the grades
and maximum during the ocool moizt period of the
year (Julyl,

Durinc the month of January, tho mean moisture
content of the garbled pepper was 10,75 per cent
and there was a slight decrsagse durinc April, le,,
10419 per cent, But in July, during the paak
period of South West monsoon, there was an increase
in the moisture content of garbled papper and the



Table 3, tolsture content* {(per cent)of Afferent grades of stored
black pepper during different seasons,

Grades of black peapper
Garbled Ungarbled Light pepper Pinhead

@

January 10.75 11,08 11.87 10.97
April 10,19 10,76 30,50 10,50
July 12,08 12426 12,15 12,87
October 11,08 11.74 1217 12,23

[ IR BN SR BE BN BN R SR B B B B JE I 2B BN AR AN R I S5 N IR IR BE BE AN I 3 B I I

* Means of four raplications

I Garbled pepper = 0,26
} Ungarbled pepper = 0.3
CD (0,05) for season I Light pepper = 0,56
} ptinhesa pepper = .56
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mean moisture content was 11,08 per cent, Later
on by Cctoberx, the méisture content decreased

by one per cent,

The variation of moisture content in four
different seasons of the year was found significantly
different in the case of garbled stored black
pepper, The maximam moisture content was
observed during the cool moist period (July)
followed by warm moist pericd (October), but it
was on par with the cool dry period (January) and
the lcast was during the warm dry period (April),

The initial mean moisture content of the
ungarbled pepper during January was hicher (11,08
per cent) than that of garbled pepper (10,75 per
cent), The decreass in the moisture content
during April was to the tune of 0,32 per cent,
But the decrease during the cool moist period
was 1450 per cent, later, it decreased to 0,52
per cent during the warm moist period (October).

in the case of ungarbled storsd black pepper,
the moisture status during different periods
was found to be significently different, The
maximun mean moisture content was observed during
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the co0l moist period July (12,26 per cent)
followed by warm moict period, October (11,74)

per cent), The minimun moisture per cent was
observed during the warm dry period, April (10,76
per cent) but it was found to be on par with the
cool dfy period, January (11,08 per cent),

In January, the moisture content of light
nepper wae 11,87 per cont and a slight decrease was
noticed during April (10,50 per cent), But in
July, moisture content increased to a maximum
0f 12,59 per cent and kherssafter decreased in
Uctober by 042 per cent,

There was sinificant difference in the
mean mmtﬁre content of light pepper during
differant seascns of the year, The maximum
moisture content was observed during the cool
moist period of the year (July) but it was on par
with the warm molct perfod (October). The mean
moisture content during the cool dry period
(January) was found to be on par with warm moist
period (Cegober), The least moisture content
was observed during the warm dry period which
differed siunificently from the othor three seasons,
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Pinhead pepper showved a mistm content of
10,97 por cent in January with a slisht decrease
of 0,47 per cent in April, the warnm Ary poriod of
the year, in July, & moisture content of 12,87
per cent was noticed, which wvas 0,84 per cent more
than thet of the warm moist period (October),

The mean moisture content of pinhead peppar
during different seasons of the year was found ¢o
be significantly different and the maximum moisture
contant was observed during the cool moist period
{ouly) followed by warm moiczt period (October).

The least molicture content was obssrved during the
warm 4ary period (April) but it was on par with the

cool dry poriod (January).

The above data indicate that the moisture
status of all the grades of stored black pepper
fluctuates according to the season, The minimum
noisture content was obsarved during the warm dary
period of the year, April snd maximum moisture
content was noticed during the cool moist period,
Julye It is 8lso clear that the temperature and
humidity levels in the atmosphere hi hly influenced
the moisture content of dried stored black peppex
of different grades in different sceasons,



3, #Hajor chamical constituente of black papper in

different seasons

Tables 3,4 and 8 give the composition of four
different grades of black papper viz., gardled,
ungarbled, light pepper and pinhead grade in

differon® seasons,

It is evident from the data that the
fluctuating moisture status during different
seasons led to slight decline in majer constituents
1ike oleoresin, piperine and atarch in different
grades of black popper, in all the grades of
stored black papper the oleoresin, piperine and
starch contents wvere maximum during the ocool dry
pericd of the year, Jamuary and the ninimum during
the wvarm moist eriocd of the year, October, The
decrease in the ocontent of various constituents
in garbled, ungarbled, light pepper and pinhead
grace from January to Cctober was 1,72 per cent,
1402 per cent, 1,60 per cent and 0,59 per cent
respa2ctively in the case of oleaoresin, he
corres onding values for piperine were 0,85 per
cent, 0,83 par cant, 0,39 per cont and 0,16 per cent
respectively, The reduction in the content of
starch from January to October was 2,77 per ceat,



Table 3, Oleoresis content* (per cant) of different grades of
stored black pepper in different periods of the year 1979.

Grades of black pepper

Seasons

Garbled Ungarbled  lLight pepper  Pinheed
O e E E N T T YT YT TN T T T Y Y Y
January 10,92 9.93 12,10 512
April 10,86 D.81 12,02 S.00
July 9,26 9.02 10,63 467
Octobor 9,20 8,91 104,50 4,53

* means of four replications
CD (0405) for sesson Garbled pepper
Ungarbled pepper
idght pepper
Pinhead popper

0.411
0.312
0.58
0.35

1%



Table § Fiperine content* (por cent) of different grades of
stored black pepper in different pericds of the ycar 1979,

Gradea of block pepper

Seasons -
Garbled Ungarbled Light pepper Pinhead
AW IR W AR AR M SR oy A% TR s N 3P SR NS AR W A AR 2 W e W IR IR MWW
Jamuary S.41 5406 §491 1,16
April S.08 4,78 4,69 1.08
July 4,9% 4,36 4461 1,03
Getober 4,76 $.23 452 1,00

I 3 B B B I I I I I B I I B I S NEC_BE AR BN B R NEC R BN BN B N N IR SR BE I R AR

* Means of four renlications

) Gerbled pepper = 0,36
Cp (0.05) for seasons g Ungarblad pepper - 0,62
| Ldght pepper = 0,20
1 Pinhead peppex = 0,08

A



Table §, Starch content®* (per cent) of different grades of stored
black pepper in different periods of the year 1979,

[ B I W B I R IR BN OB R AR I NN OB BN OBE OB B B BN B BN O BE B BN O BE BN BN BN B NN AN W)
Gpedes of black pepper
Seasons . PR
Garbloed Ungarbled Light pepper Pinhead

January 34.63 33,33 22,17 14,36
April 34.22 32,67 21,84 14,17
July 32,26 31,87 21,39 13.71
Gctober 31,86 31,73 20,81 13,51

* Msana of four replications

} Garbled popper - 1,23
CD (0,05) for seasons ] Ungarbled popper = 0.874

1 Light pepper = 0,80

l Pinhead pcpper - 0,48

€%
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1.6 per cent, 1,36 per cent and 0,85 por cent in
the case of gaEbled, ungarbled, light pepper and
pinhead respectively,

4, Estimotion of microflorxa in stored black pepper

Microbiel population of ground and whole
samles of four different grades of stored blaok
pepper viz,, garbled, ungarbled, light and pinhead
ware estimated in four differsnt seasons namely,
cool dry period, warm dry period, cool molist
pericd a2nd warm moist period of the year 1979,
isolation of different microworganisms, namely
fungi, bacteria and actinomycetes was done with
the specific media for particular group Of microe
organisms as demm in the materials and methods,

Bactarial and fungal populations were present
in all the grades of stored black pepper in all
the seascons while actinomycetes were absent. There
was no variation in the type of micruilora
associated with the stored black papper in
differant seasons,

The results of the population astimates of
fungd and bacteria in vhole and ground samples of
different grades of stored black peprer in
different seasons are given in Tables 6 and 7,
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4,1 Fungal population in different seasons

The results reveal that ground samples of all
the grades yielded more number of fungal colonies
when compared to whole samples of all the grades
in all the seasons (Tgble 6). lhile considering
the average mean fungal population of the year, the
ground samplc of garbled grade ylelded 41888
colonies/g vhereas whole sample of the same yielded
only 26163 colenien/ie In the case of ungarbled
grade, the whole sample yiclded only 35488
colonies/g vhile thot of the ground pepper yielded
a populstion of 486870 colonies/gs The fungal
populations in whole and ground samples of light
popper anl pinhead grede were not much pronounced
whon compared to that of garbled and ungarbled
grades. In light pepper, the average yield of
fun;al cclonies/g of whole sample was 42608, but
it was only 51463 c¢olonies/c for the ground sample,
5imilarly the pinhead grade the wvhole sample ylelded
a fungal population of 28488 colonies/g and ground
sample, 38288 colonies/ge

The results indicate that in the whole samples
of all grades of stored black peppsr, the minimum



Table 6, Mean fungal populotion (*000) in different grades of stored black pepper
in different seasons of the year 1979,

[ BN 25 B¢ B BN BE BF BN BE BN BN BE B BN BN BN BN BEC BN U AR BE BE BN BB B B BN N
Grades o f black pepper

——

Seasons Gazbled - - mgaxhlaﬁ mgm pepper Pinhead —
whole gdround hole Ground vihole Ground hole Groand

3 27.00 38,25 31,18 44,50 37.83 38495 29.25 36,00
anuaxy (4:4314)  (403827) (6.4935) (4.6484) (3.5778) (4.6897) (4.4661) (4.8563)
April 13.50 29,25 22,50 33,75 27.00 31450 13,75

(6.1303) (4.4661) (4.3522) (4,5282) (4,4314) (34.4983) u.ms) u..ssm

Jaly 32,15 55,00 50460 61,60  57.20 70,40 37,40  50.60
’ (4.4935)  (4.7406) (4.7042) (4.7896) (4.7575) (4.8476) (4.5729) (4.7042)

W N M

{4.5188) (4,6537) (4,5763) (42.7483) (£.6848) (6,7404) (4.4983) (4,.6438)

" R I e N

26,163 41,888 35,488 48,870 02,608 51,463 28,488 38,288
Tosal Mean (g gene)  (406221) (4.5501) (4.6890) (4.6298) (2.7115) (4.4547) (4.5031)

Figures given in parantheses are logaritimmically transformed values,

cle ground
{ Gazbled pepper -  0e2327 0,318
Ch (0,05) for season | Ungarbled pepper = @ 0,27 0e21
I Light pepper - 0.253 0,20
§ rinncea peppes - Oul? 0.17

9%
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fungal population observed was in garbled grade
(26163 colonies/g) followed by pinhead (28488
colonien/g), ungarbled (35488 colonies/g) and
light pepper (42608 colonies/g) in that order,
In the case of ground sample the minimwm count
vas observed in pinhead (38285/g) followed by
the garbled grade (41886/g) and the maximun wes
for the light pepper {51463yl

The results reveal that there was much
£luctuation in fungal population in all grades of
stored black nepper in different seasons of the
YOar, In all the grades, the minimum fungal
population was observed for both whole and ground
sanplos during the warm dry period of the year,
Aprile uring this period the minimum fungal
population in the whole samples was cbhserved in
aarbled grade (13500 colonies/y) followed by
pinhead (15750 colonies/q), ungarbled (22500 colonies/g)
and licht pepper (37000 colonias/g). For the
ground samples the pinhead grade ylelded 2 minimam
fungal population of 22500 colonies/g followed
by 29250 colonies/g for garbled grade, But there
uas no appreciable difference in population count
between the ground samples of light pepper and
ungarbled grades, with a fungal population of
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31500 colomice/g for liiht pepper and 33750
colonies/g for the ungarbled grade during the
warm dry period, ,

The maximum fungal population in all the
grades of stored black pepper for all the samples
was observed during the cool moist period of the
ysar, Julye. During this period the maximum
fungal population in sll the whole samples wes
obtained in the case of light pepper grads, 57200
colonies/g followed by 50600 colonies/g for
ungarbled pepper, The garbled grade yvielded a
minimun fungal population of 31130 coloniew/g
during that period followed by 37400 colonies/g
in pinheoad grade, Maximum fungal population
for ground samples during that period was obsarved
in light pepper grade (70400 colonies/g),
followed by ungarbled grade (81600 coloniea/q)
and the minimmm fungal colonies for the ground
samples was obtained in the pinhead grade
(50600 coloniea/g), followed by the garblad grade with
a fungal population of 53000 colonies/g during
the cool moist period,

During the cool 4ry period and warm moist .
periocd, the fungal populations were found to be
less than the cool mofist period and more than the
wvarm dry period, but it was higher during the warm
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moist period when compared to tha cool 4dry period,
The wvhole asample of garbled grade yielded & minimm
fungal population of 27000 colonies/g during

the cool 4Ary period followed by pinhead grade

with a population of 290250 coloniea/gs The

whole samples of ungarbled grade yielded 31150
colonien/g and the same sample of light pepper
grade yielded 37830 colonies/g.

raximum fun.al population was obtained

during the warm moist period in ground samples

of ungarbled grade (85630 colonica/g), and there
was not much difference between ground samples

of lMght pepper grade, (55000 colonies/g) and
ungarbled grade, There was no appreciable
diffaerence batween ground samples of garbled

grade and pinhead gredes which yiclded a fungal
population of 45050 colonien/g and 44000 coloniea/y
raspectively.

The population variation of different grades
of stored black pepper in different seasons was
snolyceds In the case of whole samples of
garbled grade, the moximum fungal population was
during the cool moist period but it was on par with



the warm moist and cool dry periods ancd values
during these periods differed significantly from
that of the warm 4ry pericd, The ground samplaes
of garbled grade also yielded maxiswum fungal
population during the cool moist period and that
was on par with those of warm moist and cool

dry period, but the cool dry period was found @0
be on par with the warm drgy period,

8imilarly the whole samples of ungarxbled
grade yielded maximum fungal population during
the cool molst period and was on par with wagm
modist and cool dry periods The cool dry period
was £.und to be on par with warm dry period, The
same trend was observed in ground sanmples of
unoarbled grade also,

in the case of light pepperx, likc other two
grades the maximum fungal population was observed
during the cool moist period and was on par with
warm modut and cool dry periods, but the cool
dry period was found to be on par with the wam
dry period, Maximum fungal population in g:omd
samples of light pepper grade was observed during
the cool modst pariod and it was on par with warm
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period differed aigniﬁzcantly from that of wazm

dry period,

W

The pinhead grades of both whole and ground
samplcs showed & similay trend as far as the
different seasons wers concerned, Maximum
fungal population was obtained during the cool
molist period and it was on par with the warm moist
and cool dry period and the warm dry period differed

 significantly from that of cool dry perioed,

442 Bacterlal population
The r@aults show that bacterial colonies were

more in ground samplcs of each grade in different
seasons vhon comparsd to whole samples of all
gradas 0f stored blagk papper The bagterial
population ranged f£rom 7427500 colonies/g in
the garbled grade to 10721500 colonies/q in pinhead
grade, The vhole sample of the ungarbled grade
yi-lded a mean average population of 8703000
colonies/:; and for the light pepper
it was 10472500 colonies/ge The ground sampls
of garbled grade yioelded an avarage mean population

of 8783000 coclonies/g and that of the ungarbled



Table 7. Mean bacterial population ('00000) in different gfades of stored black papper
in different seasons of the year 1979,

L 2 BB 3N B BE NN BN B B N BN B B NN NE_BE BE BE BN BF BN AR BF BN B BE-BN BN CBE BN R BN B I BN BN N BN BN BN AR B OB AE )

Grades of bDlack peppecrx
Seasons Garbled N Ungarblod licht pepper Finhead
Whole Ground vhole Ground Whble Ground Whole Ground

3 66,25 72,00 68,98 84455 96,10 102,35 98,50  103.50
anuary (6.8212) (6.8573) (6.8387) (6.9272) (629827) (7.0103) (s.agw {7.0170)

W d

-

April 49,50 60,75 62450 76,50 0,00 87.7% 81,60
(6.6946) (6,7836) (6.,7959) (6.883¥) (6,8576) (6,9432) (8.9117) (&.mz)
July 96,80 314,40 113,20 134,20 127.60 143,00 129.50 138,60
(6,98%9) (1.9580 (1.0539) (71277) (7.1068) (7.1553) (7.1123) (7.,1418)

R, A

88455 103045 103,45 124,60 116,00 127,60 119,26 122,00
October (609272)  (7.0149)  (720149) 1 3:0938) (7.064S)  (7.1059) (7.0786) (7.0864)

AN - o " - - - W o

, 26,275 57,650 87,030 106,963 104,725 115,183 107,215 114,088
Total MCan  (6°8700) (69427) (629396) (7.0212) (740199) (7.0618) (7.0302) (7.0573)

Figures given in parantheses are logarithmically transformed values,

Ipele Sxomnd

I Garbled pepper - 0.04 Ce.13

CD (0,05) for season : Ungarbled pepper = 0,04 0,09
I tdght pepper - 0,014 0,079

| ctnnond pepper = 0,014  0.06

(A"
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grade yielded & population of 10496300 coloniea/g,
The gmund samples of iight poppex aml pw
grades yielded maximum number of bacterial
c:lontcs (11318300 coloniss/c and 11408800
coloniss/g respectively (Table 7),

while considering the bacterial colonies 4n
diéferent grades of stored black peprar, the whole
and ground samples of garbled grade ylelded less
number of bacterial colonies (7427300 colonion/¢g
and 8765000 colonisa/c respectively) then light
and rinhcsd grade (8703000 cclenies/y and
10496300 cclonies/g respactively), There was
not much difference between licht and pinhead
crades which ylelded a population of 31064723500
cclonies/qg and 11818300 colonies/g respectively,

Tho variation in the occourrence of bacterial
populiation in different grades of stored blaek
popper in different socascns of the ysar was
much pronouncec, The ninimum population for
both whole and grocund samples was obtained in
all the grades @Quring the warm dry poeried of the
ycar, Aprile The whole samples of all the
grades yieldcd minimum mmbor of bacterial colonies
ducring this period and the least number of bacterial
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population oecurred in the case of garbled grade,
4950000 colomies/g. The whole samsles of
ungarbled grade yielded 6250000 bacterial
colonies/g, which was less than that of garbled
grade, The differonce in bacterisl colonice

was slight in the case of whole samples of light
and pinhead grades (7900000 colonies/g and

8180000 colonies/g respectively), Almost a
similar tremd was observod in tha case of ground
sem:les also, where the mindmun bacterial population
was obtained in che garbled grade, (6075000
colonien/, which was followed by Wal‘blﬁd grade
(7650000 colonies/gle ‘ha ground samples of

1isht end plohead grades ylelded 8775000 colonies/g
and 9225000 colonien/q respoctively.

“he whole anéd ground samples of all the grades
vieldad moximum number of bacterial population
during the cool mel:t pariod of the year, Julys
Lurdng this period noximum population was obtained
in the case of ground sampl#s of light pepper grede,
(14300000 colonica/g) folloved by ground samples
of pinhcad jrade, (13860000 colonies/g). The
ground sample of ungarbled grade yielded
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13420000 colonies/g. Minimum number of bacterial
colonies was obsegved in the ground samples of
garbled grade, (13440000 colonioa/g)e Among

the whole samples, durin; the cool moist period,
maximum population was cbserved in pinhcad grade,
(12950000 colonies/g) followed by light pepper
grade, (12760000 coloniecs/g)e In the case of whole
samplos 0f ungazrbled grade, 11320000 bacterial
coloniss ware observed and for garbled grade it

wag only 3680000 colonies/d.

while considering the warm moist period,
wetonar, the baeterial populations of whole and
ground samples in diffarent grades were less,
buring thic pericd the aminimum population was
observed in the case of garbled grade (8455000
colonies and 10345000 ccloniea/y for the whole and
ground sarples respectivelyle  ihe ground
samplos of light pepper grade yielded maximum
popuiztion of 12760000 colonica/y during this
period, vhorsas the whole samples y7ielded only
11600000 colonica/ge But in th:s case of pinhead
crads, tho whaie sample vicided more number of
mactarial cclonies than the wholc semples of light



pepper grads which was 11926000 coloniocs/g while
the ground samples yiclded less mmmber of
colonies than the ground samples of 1light pepper
grade, 12200000 colonies/g.

During the cool dry period, January, the
bacterial population was less than that of cool
moist period snd warm moist period, but it was
higher than that of warm dry period, Here alse,
the maximum population was obtained in the case
of ground samplos of all tho grades vhere the
naximum population was noticed in the ground
samplca of pinhead grade, 10350000 colonien/g
and thore was no appreciable difference batween
$his sample and ground sample of light cepper grade
with a bacterial population of 10235000 colonies/g.
The ground sample of ungarblod grade yielded
8435000 colonies/g during this period and
minimsn population was noticed in the ground
sample of garbled grade (7200000 colonica/g).

The minimum population waa obtained in the whole
sample of garbled grads, (6825000 colonics/g)
followed by ungarbled grades (8898000 colonies/gl.
o appreciable difference wvas noticed between the
whole samples of light pepper and pinhead grade
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(with a population of 9610000 colonies/yg and
9850000 colonies/g, respectively) during this
period, But it was much higher than that of the
whole samples of garbled and ungasbled grades,

Statistically, the variation of bacterial
population in the different seasons differed
significantly in all grades, both for whole and
ground samples,

In the whole samples of garbled pepper, the
bacterial population differed significantly from
onc season to another and the maximum occurred
during the cool moist period, followed by warm
moist period, cool dry period and the least in
warm 4ry period, But in thce case of ground
samples of garbled grade, the maximum population
was observed during the cool moist pericd, even-
though being on par with the warm moist period,
it differed significantly from that of cool
dry period and warm dry period, while the latter
two were on paf, The whole and ground samples
of all other three grades viz,, ungarbled, light
pepper and pisheed showed exactly the same trend
as that of the garbled grada,
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S. lorphelogical characters of microflora

All ths grades of stored black pepper examined
in different seasons ylelded Agparcilliug sppe
(four species), Egniclllivp spe, SUEVMIOELR SPes

Iusazium spes and Bhigopus spe and one type of
bacteria, The morphelogical characters of these

fungi were studisd and fdentified as described in
the Materials and Methods,

Unly one type of bactarium was observed and
it was identified as gram «ve bocterium,

5.1 Moryhological charactars of the fungl were
as followss

( 1) Agpergillus pider Van Tieghem.

ApDs Sgie DAte BoSe Sore S, §o 240, 1867,

Saccardo, Peie 1886+ 3Jylle SNDGs 4¢ 75.

Colonics of @Gmspek's agar, were found to be
fast groving with abundant submerged myceliumg
hyaline, aerial hyphas scanty in thc carly stage,
but abundant in old cultures, Conidiophores
arising directly from the subtratum, hyaline or
slishely yellow to brown near the vesicle only,
én-.h thick walls, smooth, nonegseptate of variable
length and width, 3%%4@937&910’. Conidial
heads fuscous, blackish brown to black, conidis in
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chains, globose or subglobose, thickewalled,

20«50 u in diameter, hyaline to yollowish brown,
fertile over the whole surface, Phialides borne
directly on the vesicle, 6=10 x 2=3 /l!. Conidia
globose, amooth at first, later rough or spinulose,

(11) sspexgillus capdidue Link ex Fries
SXB%e Mycgle Jv 385, 1832,
Saccardo, PeAe 1886+ Syll. funge 4¢ 66,

Colonies on Csapek’s solution agar, white
bocoming vellowish eream with age, often thin
with vegetative mycsliumn mostly submerged, surface
growth consisting of cenidiophores and heads,
Heads white, globose, radiata, varying in the same
culture from large, globose masses 200 to 300 p
in diameter to small hoode with less than 100 n
in @lametor. Conldiophores 500 to 625 u longer
or upto 1000 p, 10 € 20 p in dlametsry with thick
walls, scmooth, colourless or slightly yellowed
below tho vesicle, Vesicles typically globose,
ranging from 40 p in diameter and typically
fertile over the entire surface, Fhialides borne
on nmatulae, both usually ¢olourless, lHetulae
15 to 20 p longe Phialides usually uniform in all
heads, 5«8 x 3»3 pe Conidia hyaline, globose or



sub=globose, rarely elliptical, thin wallaed, saooth,
245 to 3,8 R in diameter,

{(414) Aspergilius nidulans (Eidam) vinter in
1, 3v 62, 1864,
Saccardo, FeAs 1892, 3yll. fungs Q¢ 524,

Colonics on Ceapek's solution ager plain,
spreading broadly, dark cress - green due to the
abundant conidial heads, reverse of colony in
purpliish red shades, becoming dark with age,
Conidiophorea smoothwwalled, slightly brown in
ecclour, 70 to 130 u long, 2.5%3}11&6&”
near the foot, 3.5 to § p wide below the vesicle,
Conidial heads short, columnar, 60 tc 70 u x 30 to
3% me Vesicles hemispharical, 8 to 10 p in diameter,
Fhialides borne on metulas, § to 6 x 2 to 2.5 M
metulas 5 toc 6 x 2 to 3 u, Conidla olobose,

3 o 3,5 | in diameter, green in mass,

(iv) Sgpergillus versiseler (Vuillemin) Tiraboschi
Anpe 3gt. ]t 9, 1908,

Saccerdo, PeiAs 1913. Syll. fuDge 24 1261,
Coloni:s on Cespek's agar initially white,
later yellcw to varying colour, reverse occasionally

colourless or slightly eoloured, Colonies slows
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growing, compact, velvety and consisting of closely
crowded conidiophoses arising from the substratum,
Conidiophores eolourless, smooth, 350 to 3500 B
long, 5 to 10 M wide near the vasicle, Conidlal
heads hemispherical, radiate, 100 to 125 u 4n
diamoters Vesicles 12 to 20 u in dlamster, with
fertile area hemisphericals. Phialides borne on
metulaes Hetulae 8 to 10 X 2,5 to 3 xy
Phialides 5 to 10 x 2 to 2,5 g Conldic globose,
usually delicately echinulate, 2,5 to 3 u

diameter, usually borne in loosely radiating chains,

(v) Pendcidliun SiBKimE Thom
Bulle U 5e Do Ackice e Aoime Zode AL 613,
F. 22, 1910, Rucnded by Thom, 1930, ha
Penicillia, PPe 2567, f£.34. % Peniscdlilm
SAtEAnuhe
BSoppe, 1012. HORESGEERhe FFe166«7, ploilrg, 128,
Ple 183 £, 126, ple 202 £, 2%,
Saccardo, Pehe 1913. Sylle fuBge 23 1260,

Colonies, on Cmapak's solution agsr furrowed
in a radial pattern, clossstextured snd almost
leathexyr conidial areas in bluesgreen shades,
vecoming dark grean to oliveegrey in ege.
Conidiophores arising mostly from the substratum,
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rarely on asarial hyphas, m::ﬁiy 78 to 175 » long
and 2 to 3 p in diameter, usually unbranched,
rarely branched and smoothwmiualleds Fenicilld
consigting of a taminal grouwp of three, four

or occasionally more, divergent metulae. iiotulaws
10 to 20 x 2 0 3 p with € to 10 in clusters with
psrallel phialides, Fhialides 8 to 10 x 2 to 3 A,
bearing conidia in chains, Conidia globose o
subglobose, single celled, usually 2,5 to 3

but ranging from 2 ¢ 3.2 B in diamster and

emoo thewalleds

(ve) Curvularis Junssa (wakker) Soedijn
Bulle Eopde BREs Buitang. Sere 3, I3 127, 4.3,
3 (11,12), 4(3), 1533,
Saccarde, PeAs 1899, Syll. fuDce J4¢ 1009,

wycelium septats, profusaly branched, hyphse
sub=hyaline to light browns hyphse 2 to 5 p wide,
Conidiophores dark brown, unbranchod, septsate
trnards the tip, twisted or straight upto 280 B
long, 2 to S B wide, Conidis boateshaped, brown,
3 septate, the third call frum the base bulged and
conupiouvusly lam. broader and darkor than the
other cells, curved or somotimes straight, eapical
celil: subshyaline, rownded, basal cell sub-hyaline,
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some what obeonioal, boar a scar indicating peint
of attachment to the conidiophore, 17 to 30 P long,
10 to 15 n wide,

(vii) Fucoriwe menilifomme Sheldon
ADDe igpe Nebraska agrice fxpe stae JJ4 2332,
1904,
Saccardo, PeAs 1913, S¥Als SuDge 3¢ 1488,

Mycelium hyaline, septate, branched, Conidial
masscs typically formed in sporodochia, :icxroe
conidia produced in simple, unbranched chains and
renaining joinod, or formed in false heads, loter
appearing scattered over the yellowish t0 rosye
white aerial mycseliun, hyaline, single celled,
fusiform or eggeshaped, S to 8 x 2 to 3 .
Macrovonidia delicate, someswhat falcate or straight,
tapering towards either end, somotimes slightly
hook:d at the ends, scattered or growod in
sporcdochia, bright coloured in mass, being pink
to brovn, 3 to 5 septats, 40 to 60 x 2,5 to 4 m,
Chlamydonpores absent,

(viis) Rhizoous RiQRISADE Ehrenberg
Saccardo, Pede 1888, Jvlle fuDIe J¢ 212,

Mycelium abundant, soft, initially white
cottony growth, branched without septa, Stolon
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creapin:, recurving to the substrate in the form
of arachnoid hyphas, strongly raised and distant
from the substrate and implanted at esach node by
means of rhizoids, The internodes often attained
a length of 1 ¢ 3 on and the hyphas more or less
branched, Sporangiophores rarely single, united
in groups 3 €0 8, 0.5 t0 4 mm in hoight x 24
42 u in diameter, Apophyses broad and

wadge shaped, Sporangia hamigphoric, 100 to 350 e
Columellae broad, hemispherie, depressed, an
average of 70 p in diameter and 90 u in height,
Spores unecpal, irregular round or oval, angular,
striate, 9 to szploaguv.sma)mmdimm
of grey-blue, Zygosporss not cbacrved,

6. Statue of infection of different microflora

in order to assess the influence of humidity

on the growth of microworganisms, bl :ck pepper
samplas of Parnniyurel variety collected from

Pepper Research Scheme, Vellanikkara were incubated
for periods of 15 and M days after inoculating with
aifferent fungi and bacteria, The microworganisms
used for inoculation izolated from different grades
of pepper collected from Cochin export market, were



Table 8, Status of infection of different microflora at different relative
hunidity levels (Pericd of incubation 15 and 30 days).

L B B BN I IR R R IR JN B JF 3N B I BE OB BE AN BN BN I BN BN I B BN B I B N I B AR B B B B I I N B I |

Pariod of Relative mmidity (per cent)
Microsorganisms incubation - - - — S
(days) 56,8 66,8 75,6 82,9 88,5 92,9 96,1 98,5 100
f 3 B B B B B BN N IR JE BN O SE AN B I BN I I B BN I OBE OB I BN BN I N BN BN BN BF BE N BE BN AN B OB OB BN I
L+ o 0 4 3 3 3 3
0 0 1 2 2 3 3 b | b ]
<] ] 4] b ¢ a 3 3 3
o 0 1 2 2 2 3 3 3
0 ] 0 r 3 2 3 3 3
L+ 0 1 2 2 2 3 3 3
13 0 ) 0 £ | | p 3 3 3
30 0 (2 8 1 2 2 2 3 3
13 o 0 o 0 1 p § 2 3 3
30 1] 4] 4] o b 4 ﬂv 3 3 3
15 0 0 0 s 3 2 3 3 3
3 ] 0 § 2 2 3 3 3
18 e o o o 1 T 1 2 2
30 o 0 0 1 p | 2 2 3 3
- 15 o ° 0 o 1 3 3 3 3
nigricans 0 o  ©° 0 0 | 3 3 3 3
Bactoria (Gram -~ve) 18 0 0 ] 0 1 2 2 2 2
30 0 0 0 0 1 2 3 3 3
L AR I B I I W O N W N N OE W N NI R N NS N OB R B RN OB N N OB N W N N IO N N O N I
Grade O = HNo growth Gzade 2 - Medium growth
Grade 1 -  Sparse growth Grade 3 - Frofused growth

©ca
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Asparciliug Disats. A+ cendidus, A DAdulonss
& Yermigeler. Suyularia Junats Espicililm
and bacterium (grem =ve),

The growth of the microworganisms under
various levels of humidity at 18 and 30 days of
inoubation was obzserved and graded as desorided in
Chapter 11X,

¥rom the Takle 8, it can be obserwved that
there wag no grouwth £or the microworganisms aftex
two ineubation periods vise, 15 daxys and 30 daye
at lower lovels of mmidity (56,8 to 75,6 per eems),
except in the case of all specios of Agparuillng end
PenicAlliig SALKADGM, which showed sparse growih
at 73,6 per cent relative humidity sfewr 1$ deys
of incubation, lowever, the growth behaviour of
all micromorganiams varied considarebly from 83,9 W
96.1 per cent relative humidity,

At zatuvated humidity levels (98,3 ¢o 100 par
cent), growt: of F. mopilifesmg snd bacterium
(gram «ve) were medium vhereas profused growth was
noticed for all other microeosganimme after 15 dwys
of imcubation., Sut vhen the intubatien pewisd ves
longer iee, 30 days, all sicyoecrganisme showed

e



Table 9, Deterioration of the quality in temms of oleoresin contont of black pepper dus
to the attack of different microwOrganisms at different hunidity lovels after
18 and 30 days of incubation (on moisture free basis),

.-'.-..-nuacu'ﬁﬁ-:tlluGQ.ﬂﬂ.‘..ﬁh?'--‘ﬂ.;..---.

Pericd of Relative humidl in percentage

derosorganions incubation = d
{(day=) S6,8 68,8 TS,68 82,9 88,5 92,9 96,1 98,5 100

2spepadllve plaex 13 9028 9462 9,53 8,78 8,42 792 T.60 G444 £.29
. 30 9.68 9,23 782 6,40 5,54 $e49 5423 4,86 4,59

Agperaillus candidua 1% Fa30  De63 962 Del7 B.T9 BedD £,05 6,61 6,37
%0 Fu27  BeTE  Ta52  6a78 5467 S5.61 5,25  4.96 4,42

sspercilius pldulans 15 P86 9481 9,76 9,35 He90 8,48 6,03 Nl 6,88
30 9436 9457  8.13 718 6,72 5.53  4.09 4,62 4,13

Amperaillus yezsisol 15 10,02 9468 9,92 9,20 9,11 8,68 5,35 7,39 7,09
30 9e43 954 3,98 7486 Tel7 6,06 5,73 5436 5,08

Guevularie lmats | 15 9487 9462 9a85 0,53 927 8488 8,74 841 7,91
0 10018 9042 9,57 9426 9,01 8,27 7,08 6.34 5,43

Penicillivm giscioum 15 10,08 9,98 9,62 9,51 9,08 8,97 8,72 8,46 8,36
30 968 Be36 ToB: 5237 S5aB8¢ 5,70 S5¢02 G,81 4,79

Fusarivws poniliZorme 15 10606 9492 2472 2467 9211 5,02 5,78 8,52 8,33
30 0 9498 10402 9,54 9.20 9,06 9,08 8,79 7,50 7.36

Rhizoous pioricans 15 10021 10402 9,88 9,53 9,21 8,91 8,72 8,68 8,62
30 10002 10408 9455 3438 B85 8458 6,03 6,91 6,18

Bagteoria (gram ~ve) 15 De02 10402 9,80 9461 9,03 9,03 0,86 8,78 98,49
30 10016 10421 9469 9482 9442 9,26 8,27 8,08 7,04

L 2R BN 3 JB B BN BN S R NN B _BF SN B B OB OB BN B BB BN 2B BE IR BE_JE B BN BN SR B B N I 2R BE AR BN BB BRI I I I
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Amperadllug Rioeks &+ SoDdiduss A Didulonse
& Yersimielh Smyularia Junatar Pspicillium
and bacteriwm (gram eve),

The growth of the microworganisms under
various lovels of humidity at 18 and 30 days of
incubetion was observed and graded as described in
Chapter ilX,

From the Table 8, it can be observed that
there was mo growth £or thoe microwsorganisms after
two incubotion perivds vis,, 15 days end 30 days
at lower levels of mmidity (56,8 to 75,6 per eemt),
except in the case of all species of Asperaillug end
EenicllAlg SASKARUN, which showed sparse growth
at 75,6 per cent rslative humidicy after 15 days
of incubation, However, tho growth boshaviour of
all microwoxganiasms varied considerably from 82,9
96.1 per cent relative humidiey,

At saturated humidity levels (98,5 to 100 per
cent), growth of I poniliforme and bacteriwm
(grem «ve) wera mediuvm vhereas profused growth weas
noticed for all other microsorganiems after 15 dsys
of incubation, But vhen the incubation period wvas
lonjer e., 30 days, all microeorganisms showed



profusad growth,

7¢ Deterioration in quality of black pepper as
influenced by humidity, period of incubation and

type of micromorganism

The results presented in Tables 9 to 14 clearly
show that the quality of stored black pepper was
deteriorated dus to the influence of relative
humidity, period of incubation and the type of
microworganism used for inoculation,

7+2 Oleoresin

The oleoresin content of stored black pepper was
found decreasing oorresponding to the changes in
levels of humidity (58,8 per cent to 100 per cent),
when inoculated with different microsorganisms
{Table 9)y The ranges were 9,28 to 6,29 per
cent (Agpergiliug Bigeri. 9489 to 6,37 per ceat,

(2o gandidusles 9.86 to 6,88 per cent (A, pidulang)s
10,02 to 7,09 per cent (A, yarsicolor), 9.87 to 7.91
per cent (Curvularis lunsta)s 10406 to 8,38 per cent
(Renicillium cAtEinum)s 10406 to 8,33 per cent
(Dusarius monilifommae), 10.21 to 8,62 per cent

({Rhisopus pigricens) and 9,92 to 8,49 per cent
{Gram ~ve bacteria} after 18 days of incubation,

Sut when the samplos were incubated for 30 days, the



Tablae 1C, Relat

black pepper inoculated with different micro-organisms,

hins betwesn relative humidity and oleoresin content of stored

L BB B BE B BN SR N B BF I BE O BE BN I B RN R BR BN BE Jh Bk B AR B O BE BE_BE BN R IR IR BE R BE N BF IB I I B B N B

Period of incubation

Micro=organt sms

[ 3 BN BT NE BN BN B NE BN B BN NE NN JE NE NE_ B I B O OF A I I I 3R B BN BN BE BN I BR R BF BN IR B I AR R B BN B O WY

Aspsxailivs Ricox
Asperudling sandidus
Aspexgillva nidulane

Amaxalllus Yexaicelox

Sexvularis lupasa
Peplclllium citriom
Fussrium ponlliforme
Bhizopus nigxicans
Bacteria (gram -ve)

FE X B B BN I I 3 I B B B I B 3 N B BRI N B IR JE A BF N B BN N OBE BN OB B AR BN B W B N 3 W W

i5Sdays

{x)»> (Y = A ¢ Bx) {x)*
0,065 ¥ @ 34,245000,0717%  «0,9879
“0.8557 ¥ m 16.6700=0,0732%  «0.9074
«0,0766 ¥ = 14.371300,0676x =0.9526
«0,8733 Y = 13,9690u0,0610% «0.9546
“0,868) ¥ » 12,621400,02392x  =0,8530
«0.9662 Y w 12,5866=0,0403x  =0,9687
«0,9425 Y ® 12,5525-0,0394x «0.5573
a0,9785 Y m 12,6708=0,0400x =0.8657
«0,9348 Y = 12,2084=0,0347x  =0,8501

* All r values are significant at one per cent lewel.

- e

Nddays
Corseiation Regression

(Yo A ¢ Be)

YT = 16,9713.0,1241x
¥ w 36,000600,1134x
Y » 17,8273:0,1313n
X & 16,8525.0,2343n
¥ » 16,0760-0,0925x
¥ » 16.9034+0,1209n
Y = 13,5156.0,0542x
¥ » 15,222100,0983%
Y = 14,0768-0,0506x

|
|
|
|



ranges were 9,88 to 4,59 por cent (A. niger’.

S¢27 0 4442 par cent (A. gandidug), 9,36 to 4,13
per cont (A. addulans)e 943 to 5,01 por cant

(A yorsicolor)s 10416 to 5,43 per cent (S, Aupata)e
9,68 to 4,79 per cont (Ps gitEimm), $.96 to

7436 per cent (F. moniliformans), 10,02 to 6418 per
cent (Re plagicans) and 10,16 to 7,04 per cent
(gram «ve bacterium),

The comofficionts of correlation botween
humidity and oleoresin content for 15 days and
30 days of incubation were «0,8684 and «0,9879
(A DAGOBE)» 048557 and =0,9874 (A. gandigus),
«0,8766 and ~0,9528 (A pidulana), =0,8733 and
«0,9546 (A, YRESL0010F)s =0486083 and =0,6830
(Cs lunata)s =0.9642 and «0,9687 (2. gitzioum).
09428 and «0,68573 (. mopiliformae), =0,9788
and =08657 (R. piagicang) and «0,9348 and «0,8%501
(gram «ve bacterium) respectively. All these
values vere sinificant at 4ne per cent level
(iablc 10)e

ihe regression eguations indicated that a
unit increase in the relative humidity per cent
repultad in the roduction of oleoresin content by
0407 and 0,12 por cent (A, piger)s 0407 and 0411
poer cont (Ae gandidngl, 0406 ond 0,13 per cent



(2. pddulong)e 0s06 and 0,11 pex cent (A YeKEiGQIQK),
0s04 and 0,09 per cent (C. lubata), 0.04 and 0,13
per cent (P, citrinun), 0404 and 0,05 por ¢ent

(E» mondlisozmael)s Osd 2nd 0408 per cent
(B, pluricana) and 0,03 and 0,06 por cent {(gram eve

becterium) after 15 day: and 30 days of incubation
respoctivelys Hovever, it was found that in

all cases, the effect of humidity was conspicuous
at loncer criods of incubation,

7¢2 Piperine

The pipcorine content in stored black pepper
inoculated vwith different microeorganisms was
found to be lowering corresponding to the increase
in levols of humidity (56,8 por cent to 100 per
cent ) {Teble 11)s The ranges were 4,97 to 2,01

per cent (A._Digep)s 4497 to 2,16 per cent (A. gandidua

4298 to 2,28 per cent (A RIAUAADA)s 4498 to 2,45

per cent (A. YOEBLICOIGE)s 4498 to 2,32 per cemt

(s QASELIR), 5406 to 3.41 por cent (G, lumata).
4498 to 3.4 per cent (£, moniliformam), 5402

to 3.96 per ecent (B DAGZISANE) and 5,02 to 4,02

per cent (gram =ve bacterium) after 15 days of 1
incubation, But whon tho samplcs were incubated tor‘
30 dayss the ranges were 4,98 to 0450 por cent (3. n:.“

|

|



Table 11, Detarioration of the cuality 4n terws of piperine content of black pepper due
to the attack of different microeorganisms at different humidicty levels after
1S and X days of incubation (on moisture free basis),

Period of Relative humidity (in percentage)
Hicroworgand sms incubatiotee - - R ———————
(days) $6.,8 66,8 73,6 82,9 88,5 95,9 96,1 98,5 100

Asperuillus niogeg 15 €97  4e68 4,28 3,87 .58 1,18 2,56 1,34 2,01
30 .98 4,96 3,26 249 104 1,52 0,83 0,75 0.50
Agperaillus candidus 15 097 5,01 4286 4,08 3,89 3,50 2,97 2,58 2,16

30 4,98 3239 2,63 2,08 1,98 1,63 1,41 1,07 0,88

Agporaillus piculans 15 €o98 4,98 0487 629 4,16 3,87 3,52 2.76 2.28
30 497 4082 393 188 iD L7 2,07 1,20 .08
Apceraillue vesalcolex 18 6u98 498 4257 $.53 4232 3.98 3,86 2,09 2,45
0 €87 4o 3,98 266 3.2¢ 283 231 307 1°3¢

L N L RN L N -
Pendcilliiw siscinum 15 GoB8 .92 4487 4,53 4,18 4,02 3,68 2,93 2,32
30 §,086 4,84 4o24 3.69 326 2,98 2043 1,56 1,32
Corvularis imais 15 5408 5,07 5e02 4e97 4288 8.25 4,01 3.52 3.41
| 30 .96 4,98 de46 3.96 378 3.02 2.92 2,14 2:08

15 4,98 5,02 4,98 4.8 4,67 4,28 4,06 3,54 3,34
30 8492 4,87 4,56 3,83  3,7¢ 3,07 2,97 3,168 2,16
15 5407 4498 5402 4,97 .81 4428 4,11 3,96 3,96
30 5,06 4092 4484 4467 8462 4,02 3,96 3,45 3,28
Bacteria (grem =ve) 15 5202 5,02 4o98 4,88 €.81 4,46 4,28 4,17 4.02
30 4,96 8,96 4,92 4,87 4,66 4,18 4,11 4,01 3,96

~y



Table 12. Relationship betwesn relative humidity and piperine content of stored
black popper inoculated with different micro-organisms,

[ IR BRI N B B NE - B K BN N N BEC B NE- NN NE B NN B 2R BN SR BE BN BN NN C_BE BN BN NE-EE B BE O BE BF N BN N W ]

Period of incubation

Hicro-organisms 15deys Yaays
Correlation Regression Correlation Regression
eomefficient esquation comcfficient equation

(r)* (Y = A + Bn) {e)* (Y= A+ Bx)
| B BN B BE B B B BN BN BE N B BN BN BN I OB BN BN BF BE BN BN B IR B NN BN R 2N BN B B BN B 2B B OB I O N O &
Agpergillus nlasx =0,9601 Yo 9413630,0670x ] T 11.8425.0,1122x
«0,9227 Yo 9,2461-0,0849x «0,5801 Tm  9430090,0040x
-0 8790 Yo 8,72870,056%5x =} 49491 Yo 10,6238-0,0009n
=0,860% ¥m 8,3025.0,0507x ol}u 9454 T 9,3150.0,0732n
08530 Yu §,4815«0,0526x 04,9376 T 9,9461-0,0709x
«0,8820 Y T46290uD,0378x =0,9421 Yo 9,4417.0,0695x
«0,8390 Yo 7,.4293.0,0358% =0,9426 ¥ 9,2095.0,0887TR
«0,8520 T G4B839100,0260x »0,8833 Yo 7,.5787.0,0308x
Bacteria (gram ~ve) «04,8817 Im §,5596.0,0230% =0, 8890 T 6,69170,0259x%

AR 0N 1 W I B N B o B a3z 0 O B B S S 23 I O oy Z% £ M OO MR ¥ I W N 3 2 A2 23 Sy oex WO o W 73 AR W Wl

* A}l r values are significant at one por cent level,

L
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4498 o 0,88 per cent (As SaDdiduP),s 4.92 to 1405

per cent (A, M). 4,87 to 1,24 per cent

(Ae W. 4,86 to 1,32 per cent (2, gitrinwm).

ée96 to 2,08 per cent (Co Junatal)s 4492 to 2,16 per
liformae), 5,06 to 3,25 per cent

(Re pigkicans) and 4,96 to 3,96 per vent (gram -ve

bacterium),

The cowefficients of correlation between humidity
and piperine content for 15 days and 30 days of
incubation were =0,9601 and «0,98%8 (A. pigez).
«0,9227 and -0,9801 (A. gandigua), «0,6790 and
«049491 (A. pidulans), =0,8609 and «0,94%¢ (A.yersigoler).
«0,8530 and «0,0376 (P, citrinum), «0,8530 and
09376 (F. gitrinum), «0+8520 and «=0,9421
(Co Junata), =0,8390 and «0,9426 (F, moniliformas),
048529 and -0,66833 (8. nlgpiceng) ané «0,0817
anc «0,8890 (gram «ve bacterium) respectively, all
being significant at one per cent lovel (Table 12),

¥rom the regression equations, it could be seen
that a unit increase in the ralative humidity
{per cent) caused a reduction of piperine content by
0407 and 0e11 per cent (Ae pigax)s 0e06 and 0,08
per eent (A. gandidus), 0,08 and 0,09 er cent
(A« pidulans)e 0405 and 0,07 per cent (A. YSE8400)OK)e



0,08 and 0,08 per cent (P gitxinum), 0.04 and 0,07
per cent (Cs lupatale 0,04 and 0,07 rer cent

(Es moniliformas), 0,03 and 0,04 mer cent

(Re pigricans) and 0,02 an? 0403 per cent {gram wve
bacterium) after 15 days and 30 days of incubation,
However, the results shown that in all cases the
effect of humidity was highor at longer eriods of

incubation,
7.3 Starch

In the samples of stored black pupper inoculated
with different micromorganisms, the atarch content
was found to be reducing with the incresse in lewvels
of humidity (5€.8 per cent to 100 par cent)
{Table 13), The ranges were 32,16 to 21.8 per cent
(As Dicer), 33436 to 23,13 par cent (A, gepaidus). “
34416 to 23,27 per cent (A, nldulans), 34.58 to |
24437 per cant (A, W, 33,92 0 26,97 |
per cent (¥, gitrinum), 32,08 to 26,47 per cent |
(S, lunata)s 33,25 to 26.43 per cent (I, edllifeimas).
32,67 o 28,13 per cent (R. pigricang) and 32,82 |
to 30.92 per cent (gram «ve bocterium) afier 18 |
days of incubation, When the incubation period was |
30 days, the ranges of sterch content were 32,27 to |
1746 per cent (Be DAgEK)s 32,68 to 18,23 por cent |



Table 13, Deterioration of the quality in terms of starch contant of black pepper dus
to the attack of different microeorganisms at different mmidity lovels
after 15 and 30 days of incubation (on woisture free basis).

B 3 & 1B I B0 N3 A WS ur Sk U U n W B0 Nm B PROAR iy ome g2 W BT X OB OO 3T gy B B W AR e Mk W 2 e o or 9B WK W MR W AR
Pexriod of Relative mmidity {in pesecontage)
Microwarganisne incubatione - ————— — : son——
{days) S$0e8 66,8 V5,6 83,9 88,5 92,9 96,1 98,5 100
L B B B NE BE B SR 3N NE B BN BN BN N NN BN I B BE B BE O BE BN I BB BB BE- B BN OB R R B B BF 2R B B B SR BN I BE BF
Asporaillius nicer 1s 32416 32,88 32,623 2W,13 28,67 A7.TT 26455 23,94 21,
32027 29,841 39,78 25,80 25,35 23,21 21,76 19.,02.17.60
L o 2 ]
agperaillive candidue 15 33438 33,48 32,82 32,26 30,25 208,30 26,70 24,47 23,13
532468 32,02 Z7.79 27.41 26,47 25,3 21,80 12,76 18,23

- s o
.36 3308 32,54 22,58 30,38 37,07 2B.63 24,07 23,27
32,48 31,62 2’.45 28,43 26,72 24,65 M.00 21,53 18.61

NN o . N ——
.58 34,56 33,18 32,38 29,86 26,93 25,77 15,93 24,37
31026 30442 30018 2756 27,49 25,45 22,79 21,57 30,3
33,92 33,48 32,07 31,94 29,35 26,17 25,93 25,63 24,97
33,08 31467 31,68 31,268 28,73 26,32 24,15 28,07 21,56

33,08 32,46 32,16 32,09 31.32 328,00 27,58 27,07 26,47
33,08 31,47 30,46 30,18 20,08 27,01 26,317 26,02 253.42
33,25 33016 32.27 32,18 32,09 29,89 27,33 16,69 26,43
32,66 32,38 32,26 30,02 29.17 25,42 25,03 26,96 24,48

{8

Agpexgillvs nidulang

IR IR IR IR IR

8%

31468 31442 31018 W46 0,02 29,14 29,06 zn.?z 2&53
32482 32,76 32,72 32,68 32.59 32.41 31,82 391»96 W.‘Z
33,17 32,49 32447 31,38 31,13 29,68 2W,92 20,67 28,51

L B N BN B B AR R B R B BE IR K BE O BE IR B I B B I B B AR BN I BN N O 2R 2N N IR B BN J3E BN IR NN B BN 3 I N )

l

Mm {gram —ve)

8%

32,67 3263 32,68 32452 31,98 31,57 30.66 29,69 20,13 |

l
l
l



Table 14, Relationship between relative humidity and starch content of stored

black pepper inoculated with different microworganisms,

Period of incubation

Microworganisms 15daays ”dar',
Correlation Regression Correlation
concfficient equation comgfficient equation
(x)e (Y = A ¢ Bx) (z)» (Y= A ¢ Bx)

Asperailius nigss «0,8828 Y w 47,1551w0,2244x «0.9531 ¥ = 51,0096=0, 3190x
Asperaillus candidus w(,8810 Y wm 48,71220,2291x 00,9393 Y = 52,23300,3150%
Agpercilius pigulsne «0,9020 Y w 50,4764=0,2526x 09472 Y = 49,8582:0,2770x
Aspercillug Yersicolex “0,9300 Y = 51,0006-0,2520x ~0.9194 Y = 47,3133e0,2496x
Peniciliium sitcioum 0,940 Y = 48,4000=0,2279x w0,8811 X = 47,5950.0,2335x
curvularia lunats w00088 Y m 43,311200,157T% «0,9692 Y » 43,52080,1752x%
Fusariuwm senilifoxme «0u8585 Y m 43,97850,1616% 0,923 Y = 46,5080n0,2163x
Rhisopus plaxicans «0,8131 Y = 37,6807-0,0734x «0,9640 Y = 36,5004-0,0778x
Bacteria (gram =ve) «0,7646 Y = 35,4650=0,0309x «0,9470 Y = 40,28800,1137x

[ I B W R NN I N B N N B BN I B I 3 AR BB B B BN B B BN O B OB BN OB R SR BN B BN IR N I B BN I
* All r values are significant at one per cent level, except that of
Bactexia (gram - ve) after 15 days of incubation,

L4



(A gapdidus), 32,48 to 19,61 per cent (A, nidulans)s
31,26 §0 20,36 por cent (A, Yarsigolor), 32,08 to
21,86 per cent (. gitrimum)e 33,08 to 25,42 per cent
(S, AuDatl)es 32,46 tO 24,45 por cent (L. poniliformas).
31.68 o 28,53 per cent (R, Diarigang) and 33,17 ®@
28,51 per cent (gram «ve bacterium),

The coecfficlients of correlation between
himidity «nd starch content for 135 days and 30 days
of incubstion were =0,8028 and «0,9533% (Ae Bigex).
~0,8010 anc =049393 (As Sandidus)e =0.9029 and
«0,2472 (A, nidulang)e =0.5389 and =0,9194
(Be ¥QISiccloX)e =0e9404 and «=0,86811 (R. citzinum).
~0,8886 anC «0,9692 (S JiDatal, «C.0585 and
~0.9236 (F. moniliformen), «0.6131 and «0,9640
(R, piuricang) end «0e7646 and «045470 (gram ~ve
becteriwm) respectively, All thoce valuas were
significart ot ons per cent level mﬁmﬁ in the case
of gram eve hacterium for 15 days ¢f incubation
(Table 14},

The regression equations ravealed that for each
uadt increase in the relative humidity (per ceat),
the stareh content was reduced by 0,22 and 0,32
per eant (A, niger)s Oe23 and 0,32 per oent (A.gandidus)
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0425 and 0,28 per cent (A, pidulans), 0425 per
cent each (A, yersicolor), 0+23 per cent each
(E» gitxinum)s Oe16 and 0,18 per cent (C» lupata),

0+16 and 0,21 per cent (F, ponilifoxmag), 007
and 0,08 per cent (R, nigricans) snd 0,04 and 0,11

per cent (gram «ve bacterium) for 18 days and 30
days of incubation., These results indicated that
the effect of humidity was higher at longer perfiods
of incubation in all the cases oxcept the samples

inoculated with A. ¥eraicolop and B SAUKinUG.

7.4 teisture content of black pepper at different
humidity lsvels |

As evident from Table 15 the moisture content
of stored black pepper varied according to the
changes in humidity levels, The moisture content
of black peppor, imoculated with different microw
organisms, was minimum st the lowest level of
humidity (56,8 per cent) and maximum at the highest
lavel of humidity (100 per cent), It coculd alse
be observed that the moisture content increased
when the incubation peried of the black pepper inoculated
with microworganisme was prolonged,



Table 1S, Ioisture content (per cent) of black pepper at different humidity
lovels after 15 and 30 days of incubation,

Period of
incubation

14 rganism
(3ays)

Relative humidity (in percentage)
56,8 66,8 75,6 82,9 68,8 92,9 96,1

98,5 100

LR BE B B B B BN R BE R AR BE RN BE IR A 2 R IR E AR N B R B B IR N B I I O I B 3 I N B N B N N B B B N N

Agpepaillus picer 15 11,07 11,48 1157 12,35 13,60 14083 16,87 15,23 15,80
30 11227 11248 11560 12.87 14230 15,33 18,07 18.50 22.03
- ——— ]
15 11,26 11442 11.83 12,82 13.51 14,06 1¢.73 14,90 15,40
30 11218 11267 11.80 13.53 13.70 16,30 15.70 17.50 18.50
15 11,13 13.38 11,47 12,59 13,22 13.04 16233 14,88 15,03
30 13220 11s82 12053 14,70 15050 16037 18.07 19.30 20.37
15 11,08 11,46 1282 13,26 13.85 14033 18,87 15,27 15,57
30 11207 11226 11.93 13.70 15,07 16043 16,20 18,77 19.27
o - - NSRRI
15 11,17 11.82 12,03 13,12 13.96 14,82 14,96 15,36 15.90
30 13026 21223 11297 13073 14267 1643 17.33 17.47 19,38
15 11026 11,53 12,00 1268 18,02 14.63 14,59 14,97 1S,
30 10.96 1116 11,80 13.93 15,02 15.60 17,12 17.96 19.63
15 11,10 11032 11482 12,67 13,23 13.96 16,98 15,43 15.52
30 11226 11023 12,90 14020 14.53 15.80 16.13 17.03 18.¥7
| 15 11016 11053 11.72 12.56 14226 18,98 15,02 15,38 16,06
Bhizopus picricens 30 11232 11,98 12,03 12,70 15.97 17.43 19.53 21.50 22,80
N 15 11,23 11,42 11.53 12.34 13,43 14,68 15,26 15,72 15.83
Bacteria (grem =ve) 30 11028 11.97 1216 14042 16028 17.27 18,08 18.10 20,27
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DISCUSSION -

 All perishable and semi-carishable
agricultural commodities are usually subjected to
considerable spoilage by microflora which leads
to the deterioration of the quality of the
products, The deterioration of the cuality
of porishable commodities is very quick when
compared to the samieperishable ones, Usually,
the quality detarioration of semieperishable
products due to the infeotion by microsorganisms
in storage is a slow process, The black pepper,
which is semieperishable in mature, is also
subjected to quality deterioration in storage
due to the attack of different microe-organisme
and this aspect has not boen studied in detail
80 far., In the present investigation, an
attempt has been made %0 study the storage microflora
of black popror and ths resultant deterioration
in quality,

It iz a well recognised fact that the moisture
content of any cosmodity has great influence on
the growvth of microflora leading to its spoilage,
In this study, diffexent grades of stored black pepper
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samples were drawn during different periods of the
year, It is so done because the climatic factors
especially relative humidity and temperature in
Kerala are varying fxom season to season, and are
important as far as storage of any dried product
is concerned,

Among the periods, January is considered to
be the cool 4ry period of the year, As svidentg
frum Table 1, the main features of this poried
are very low relative humidity and comparatively
lovar temperature during day and night (Fige 1),
The results of moisture estimation of different
grades of stored black pepper (Table 2) revealed
thet the moiscture content ranged from 10,75 perx
cent {garblod pepper) 0 114,67 per cent (light
peppor) during this period (Fige 2). But the
samplos drawn during April have shown alight
decrease in moicturae mtent irreapective of
the grades and the range was from 10,19 per cent
(garbled pepper) to 10,76 per cent (ungarbled
pepper)s The obvious reason for this lower moisture
content is that thia period turned to be the hottast
part of the year eventhough thcere was a alight
inctease in the relative humidity. The day and



Fig.1 - WEATHER DATA (MONTHLY AVERAGES) DURING THE PERIOD OF STUDY

No. of rainy days - 2 days.
Total rainfall - 100mm.
4 Temperature (max) - 3 %.
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night tenmperature of April was racorded to be the
maximum and conseqguently the moisture content of the
stored black pepper was also reduced,

The month of dMly 45 often coincides with the
peak of South West monsoon and resulting 4n
continuous down pour, During the year of study
also, thc day and night tamperatures came down and
the relative humidity reached its saturation
levels in July, “hen compared to othex periods
of the ycar, this period could be designated as the
cool molst period, and the moisture status of the
stored black pepper during this period ranged from
12,08 per cent {(garbled pepper) to 12,87 per cent
{pinhead pepper), evidently showing much increase,
The maximum moisture content of the stored black
pepper was ocbserved during this period,

During Cctober, the north east monsoon is
active and gives very heavy showers occasionally,
Normally, continucus rainfall is not obtained
during this pariod, During the period of atudy
also, the relative humidity showed a wide range,
with an increased temperature during day and night
in Cectober and 1t was considered as the warm moist
period of the year, During this period, the
moisture content of stored black pepper ranged
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from 11.8 per cent (garbled pepper) to 12,23

per cant (ungarbled pepper) showing a dscrease when
compared to July, However, this moisture status
was highar than that of cool dry period (January)
and warm dry period (April).

From these observations, it is clearly
understond that the molsture status of stored
black pepper was well inﬁt;ma by the tamperature
and the lovel of relative humidity of the
atmosphere,

A perusal of Tables 3,4 and 5 reveal the
fact thot thore wvas 8 slight decline in the major
cuality constituents of black peppor vige,
olecresin, piperine and starch, during different
seagons studied, The pocsible reason that eould
be attached to this £inding im the influence of
fluctuatin, moisture status on thce chemical
constituents, In all the grades analysed,
oleoresin, nriperine and starch contants were
founJ to be the maximum ducing the cool dry peried
of the year (January)s Cver asnd above the lower
moisture content that helped to Rm up the
quality constituents, the fresh nature of black
pepper curing the period might have alszo contributed



Fig.2 - MEAN MOISTURE CONTENT (PERCENTAGE) OF DIFFERENT GRADES
OF STORED BLACK PEPPER DURING DIFFERENT SEASONS.
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to such a result becauce this agricultural produce
generally reaches the market in January,
after its harvest and drying during Decembeds
Januarys

The major quality constituents were found ¢o
be the minimum during the warm dry period (October),
From the data, it was very much evident that the
langth of storage period oovupled with the
£luctuations in moisture status oontributed to the
reduction in tho important chemical constituents
of the stored black pepper.

A cursory observation of Tables 6 and 7 reveals
that the ground samples of all grades of black
pepper in all seasons ylelded more microbial
growth when compared to the whole samples, This
might be due to the increased surface area of
the black pepper when 4t was ground, This
f£inding is 4n conformity with the earlier works
of Moreno Martinez (1970) and Martinez and
Christensen (1973),.

There was much variation in the population
of storage micgoflora in different grades of black
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papper, But no difference existed in the type of
nicrofiora ylelded during different seasons in
different grades of the product, The maximum
population was obsarved in licht pepper both for
whole and ground samples and the minimum was in the
garbled pepper fer whole sarple and in the pinhead
pepper for ground sample, The garbled pepper, baing
more bold in sise and having less moisture per
cent, which is prepared after washing and drying

toc remove external moulds, has naturally vielded
less microbial growth, But in pinhead grade, as
the size is very small, the increase in suface area
through grinding was lesser than othor grades and
tho microbial growth was less in tho ground sample.

The moisture content of the stored commodities
has anothor important role of influeneing the
growth of storage micxoflora leading to the
deterioration of the cuality of the produce, Mor
aach specics of the storage microflors, & minimmm
ievel of moisture contemt ic required below wvhich
the microsorganisms camot grov and when the
moisture content is high, the microbial attack
will also be increased,



Those results also reveal that there was much
fluctuation in the microbial populetion over
different seasons of the year, The maximm
population was found during the cool moist period
{(July) which had maximum moisture content and the
minimum population during warm dry period (April)
vhich recoxrded the minimuwm molsture content,

These f£indings om the fluctuation of the population
of storsge microflora 4in different seasons thus
confirm the effect of moisture content on the growth
of microflora in stored products, The studies by
MorenomiMartines (1970), Martines and Christensen
(1973) and Jose (1978) on moisture content of
stored black pepper have also supported this
finding, Similar effect was reported in several

other agricultursl products by Burrough and Saucer
(1971) and Christensen and Mirocha (1976),

It 15 & well known fact thot various microe
organisms thrive well in diiforent humidity
levels, Certain microsoxganiams, especially fungi,
can grow well in lowver hamidity lovels and others
in hichor humidity levels, This fact has been
stressed in the studies of Gosh (1951),
Majumdar gt ale (1965) and Ainsworth and
Sussman (1968), In the presaent study



88

as shown in Table 8, wnder very low Inmidity
levels 1e,, below 785 per cent, no fungus growth
was observed except in the case of Agperaillus

sppe However, at 75,6 per cent of relative
humidity, thess fungi showed 2 sparse growth and the
growth behaviour of all other orgenisms varied
congiderably from 82,9 per cent to 96,1 per cent
relative humidity, Similor results wers aleo
reported by Gosh (1951) after studying the
microflora in stored rice and Majumdar gt gl. (196S)
aftor a study on stored dry agricultural products,
It was also found in the present study that
Fusazive montilifomme and bacterium (gram «ve)
required almost saturated humidity levels for their
better growth behaviour, The raesults alsgo
indieated that if the storage period was prolonged
under higher humidity levels, the growth of the
micro-organism became profuse, Hence, it could be
concludod from the findings that prolonged atorage
coupled with high mmidity played an important role
for the growth of mieroworganisms in stored blaek
pepper and the findiings of Christensen and Mirocha
(1976) support this conalusion,

In several occasions, the storasge microflora
have been reported to cause ¢onsiderable changes in
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the stored agricultural produce vis,, decrease in
germination percentage, discolouration or damage
tc the embryos, whole kernals or seeds, various
biochemical changes including toxin production
ete,, resulting in drastic reduction in quality
or complate spollage 0f the produce,

In this study also, the storage microflors ware
found to be responsible for cuality deterioration
of the stored black pepper, the deterioration
being varied according to the changes in humidicy
levels and length of incubation periocds All the
eight fungi isolated, belonged to five genera, and
the bacterium (grem eve) ware found to cause the
deterioration of the quality when they were
inoculated seperatelys But the extent of this
deterforation varied according to the species of
microsorganism inoculated, the level of humidity
and the pariod of incubation, The rate of reduction
of fimportaent chemical constituents which determine
the cuality of black peppar visz,, oleoresin, piperine
and starch was also varying wvhon the samples were
inoculated with different micro=organisms,

The oleoresin content of the stored black pepper
samples was found to be decreasing due to the
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microbial infection (Table 9), It is clear from
Figs 3 and 4 that the reduction of cleorssin content
was high at higher humidity levels and it varied
according to the growth behaviocur of the microe
organiam inoculated, showing a negative

corielation between relative humidity and the
oleoresin content (Table 10). The length of
incubation period was also found to be influencing
the reduction of oleoresin content,

Previous studics related to the reduction
of olecresin content in black pepper due to
microbial attack are scantys hiowever, thore are
certain resorts on the microbial influence in the
reduction of oil content of copra by Eyre (1932)
and Sreemulanathan and Nair (1971),  Stuides
on groundnut and castor by Dierner and Devis (1966)
and Lalithakumari gt ale (1971) have also shown
thosame trend, These obsexvations, by and large,
support thce present findirng that the microbial
infection led to the reduction of a major quality
constituent ¢f the stored produce,

Ag in the case of oleoresin, the pipar&ni contant
was alno reduced considerably duc to the microbial
infection (Table 11), It 45 clecar from Fig, 5 and
6 theot the reduction rate was more pronounced at
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higher levels of humidity, when the miexcbial
growvth was profused, Here also, a negative
correlation betwesn relative humidity and piperine
content was cbserved (Teble 12) end the influsnce
of the length of incubation on the reduction of
piperine content was seen,

Ro study has been reported on the microbial
infection reducing the piperine content of blagk
peprper, as in the case of oleoresin, Piperine
is an amide of piperic acid and piperidene in
which nitrogen is the major constituent element,
Some workers like Kiraly and Farkas (1989) and
Shaw (1961) have reported that the microbial
infection could alter the nitrogen content in
stored products, which indirectly support the
present £inding.

The starch content of stored black pepper wes
also decreasing when the samples were inoculated
with different microsorganiems (Table 13),

The growth behaviour of the microworganisms has
also shown the ssme trend as depicted in Fige 7 amd
8, with profused growth at higher humidity levels
resulting in the depletion of the starch content,
Here also, a negative correlation was found between
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the relative humidity and the stareh content
of black papper (Table 14),

More redustion of starch was seen in the
case of fungal flora than the bacterial infection
and there was a direct influence of the length
of incubation oa the reduction of starch content,

No previous study could be located on the
reduction of starch content of black pepper due
tc microbial infection, However, there are
certain reports on the raduction of starch content
by microbial attack in some other agricultural
produce, Iuman (1985) in his study on harl.y‘
and Kochubabu (1976) in his study on sorghum
found this type of starch depletion due to
microbial infection, and the findings of the present
study has boen supported with those reports,

It 45 logical to expect that the reduction of
all thogse chemical constituents viz,, ocleoresin,
piperine and starch might have caused by the activity
of snuymes procuced by the storage microflora,
Goodnman and Christensen (1952) and Dirks (1954)
reported on thoe lipase activity of storage fungi
on vheat grains, A similar study by



Vidyasekoran gt ale (1966) revealed the production
of cellulsse, pectin methyl esterese,
polygalacturonase and protopectinase in the
culture filtrates of Fusarium moniliforme on
paddy seeds, Aujla gt gl. (1976) reported the
production of polygalacturonase by Agporgillug
£)avys and pointed out the quality deterioration
by tho activity of enayme, As showm in these
studies, here also, the enzymatic activity mipght
have resulted in the reduction of the chemical
constituents, deteriorating the quality of stored
black pepper,

The present study clearly indicate that the
dried black popper should be stored in 8 cool dry
placeys The black pepper can absord misﬁm
£rom high humidicy lovels in the atmosphore, which
loads to the growth of storage microflora and
in turn in the reduction of the quality of black

peppery
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SUMMARY

An investigation on the microflora of stored
pepper was conducted at the College of Horticulture,
Vellanikkara during 1979«-80, The observations
and conclusions of this investigation are
summarised as followss

1, There are four distinct seasons for the year
in Kerala, which can be categorised as cool dary
period (January), warm dry period (April),

cool moist period (July) and wamm moist period
{October),

2. The moisture content of stored black pepper
varied in different seascns and the maximum
moisture content (12408 to 12,87 per cent) was
obeerved during the ¢ool moist period (July) and
the minimum (106,19 t0 10,76 per cent) during the
warn dry poriod (April) for the different grades
of black pepper collectad for the study,

3, The major chemical constituents of stored
black pepper namely, olecresin, piperine and
starch ware found to heve slight variatioms &in

different seasons,
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4 Among the different pepper grades, light
pepper yielded maximum oleoresin content (12,10
per cent) and the minimunm was in pinhead pepper
(4,53 per cent)s The highast oleoresin content
in garbled pepper wag 10,92 per cent whereas it
was only 9,93 per cent in ungarbled pepper,

Ss In all the gradea of bloek pepper, maximum
oleoresin content was found 4in cool dary period
(January) and the minimum in warm moist period
(Getober) s

6+ The maximum piperine content (5,41 per cent)
waz observed in the garbled grade und the minimum
(2,00 per coant) was in pinhezd pepper, The
uncarbled and light pepper grades yvielded 5,06 per
cant and 4,23 per cent piperine content respectively,

T IThe lowest piperine content in all the grades
was observed in wvarm moist period (Uctober) and the
maximm in cool dry period (January).

8, The garblod grade of black pepper contained
maxinun starch (35,63 per cent) whereas the pinheasd
grade hod the minimum (13,51 per cent) starch content,

9¢ During the copl dry period (January), the starch
content was found to be the maximum in all the grades
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and during warm moicst period (Gctober) to be the
minimum,

310, In all the seasons, association of microflorxa
was observed wvith different grades of stored black
peprper and there was no change in the type of
microsorganicoms, Only the population of each
microworganiam was found to be varying in different
gradas in different seanons,

11¢. The ground popper semles showed more
microbial population than ths whole samples of
different grades of black poppers

12+ The microbisl population was minimsn in
whole samgples of garbled pepper and 4t was maximun
in ground samples of light pepper,

13, It vas found that oight species of fungid,
belonging to five genera, and one ¢ram «ve
bactsrium were agsociatod with all the grades of
black perpor in all the seasons of the year, The
fungi isolaoted and identified were four species of
Aspexgillng nemely, AspREgillvs nigel, Ae capdidus,
4. pidulong and A. Yoxmicelor ~nd Qurvuleria Junasa
and Ehfgopus nigrioengs
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14, It was found that all the species of
Asparglillus end Repicldlivg giSrinue could grow even
at a lower humidity level (78,6 per cent) whersas
all other micros-organisms were growing well only at
higher humidity levels, There was no growth of
microflora upto 66.8 per cent relative humidity,

15 When the microworgsnisms were inoculated
individually at different midity levels, the
quality Geterioration of black pepper was very
conspicuous,

16, Oleoresin, piperine and starch content of
black pepper reduced considerably whon the samples
of different grades were inoculated with disferent
micromorganisms, at various humidity levels,

17, Relative hmidity was found to be negatively
correlated with oleoresin, piperine and starch content
of black pepper, when the samples were inoculated
with different micromorganisms, Similar relatione
ship was observed between the period of incubation

and the quality aspects also,

18, b¢hen the dried black pepper was exposed to
hiczher humidity levels, it ahsorbed the moisture
which in turn emhanced the microbial activity,
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ABSTRACT

With a view to stucy the microflora in stored
black pepper, a research projec wes carried out
at the College of Horticulture, Vellanikkara, It
was also aimed at estimating the deterioration
of the quality of stored black pepper in terms
of its oleoresin, piperine and starch contents
due to microbial infection and assessaing the rolas
of each microsorganisms in changing the quality
of the product,

The study revealed that the major chemical
constituents of stored black pepper, namely,
olecoresin, piperine and starch varied in different
grades of black pepper, Slight variations in
these quality conatituents were observed according
to the seasons of storage also,

In all the seasons, association of microflora
with all grades of black pepper was cbserved, TThe
species of microeorganisms were not changed during
seasons, but the population varied according to
grade of black pepper and season of storage, The
micromorganisms found were Asparcilius nicer,

2 gandidus, A DACNAARE, A YSERACOMDE,



an Empdcdllive sisripve. Dusaxiam
8 Eniaseup Rlczicang and Bacteriwm

(gram wve),

There was no growth of microflora in stored
black pepper upto 66,8 pexr cent relative humidity,
wheraas profused growth was éb.qu at satursation
lavels of humidity. Only Aspergillus spp. and
Eeniciliium citrinum could come W at a lower
HUMLLITY LoVEL (7546 per cemt),

In three yuality constituents of black pepper
viz,, Oleoresin, piperine and starch reduced
considerably when the samples ware inoculated
with differant microeorganisms at different
levela of humidity, Reduction in the quality
constituents was found corresponding to the
increass in level of humidity as well as length
of incubation period,
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