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IftRODlICftOIl 

1be S ..... of Ku'ala is well know £01' lu 

apl .. __ fa-. tJae ..... Z'la1. Pepper 

(e'.£ lisaa. Jr.'. ,... u the 'Q.ng of api .. ~, 

wa.a the pdaa •• ~_ of t:be foralga ~. 

1 

w this state. Pepper occupiea the mont iatponaat. 

place in worl..,'s spice vade an4 coven mon ~ 

15 por cant of %nd1.*. tn4.a of eplcea, aoeounta 

for nearly ts. 3S - 40 ~ of for:e1ga ~ 

annually (Mathew anCl 8aD'karikut_, 1971). 

l'be annual prod~ of black peppeI', ottlel:vJ.ae 

l<Dowrl q 'bleok goW',1ft 1nd1a is uoun4 35.000 

~onn08 and the staM Of Kerala alone accounu for 

ge per cent of tho ~ (AftO~ 1981). 

Kerala almoDit holde t.he MIIlOpOly in India for the 

producUon and aaa.r:ltaUaq of pepper in dUf ...... 

grades and foms. Peppe&' 1s maJ.a17 p&'Od.uced J.A 

homos-.od gardODs U 8ft 1D~ and also .s a 

moao-cul ture. After dJ:yiftg for foUl' 'to IJ.". 

days 1ft bright .. , the produce go.. to the .111~ 

m:-rkets ant' fS'Om there to tn. aseembl1Dg mukeU 

11'1 bulk or as !l'ft&11 Iota. i'rom ~t! u"-l.t.ag 

mar'keU, the black poppeI' is ClU'ried to the 
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export.1Dg cenu_ at. ~ C&1icut. and A11epper 

and got asaembled for effect1Dg sales by the 

COlM.ts8J.Oft aqeata. 'Jben 1:he produce go.. to tIM 

whol •• ale tn4Ua end aponen. 

1ft lndJ... peppd" 18 baZ'ftated ciu.d.A; ~ 

January. 1'be Wade of pepper is 8 continuoWl p,r:oc:.aa 

throu~,hout. ~ ~, ...,. ~Jb .... harves1: 'a 

40ne only dur:1ag a abon pu-1.04. So, it imrolv .. 

the process of storage for a 1o~ t.1me. TIle 

t.rudi tional belief 1. ~t. if popper 18 properly 

dried un<l 8toretS. it can be ke:;t for years 

together. nut ~la ~ief is true only to a 

certain BXt.en-. Pepper, Ulw any other agricultural 

pro;Ju~(, is affectad by m.lcro-orqan.1sms before 

and nfter ha.rv.... Pepper comes uMel" the 

cat:ago'::l of semi-pel'f.8hable agrlcul tural COIll'IIOd1 U •• , 

0:: wbich tho quality ~lor8Uon duo to miao

or0sniame 1s vary slow. vual1ty deterlorat1oo 

of stored pepper 1. al90 ~) l)lace due to 

stora']e mJ,crof101 .... 

On.,:" 0:.1:' th - oldest preae.nt31:ion mot:h0d8 i8 clIy1nq 

an::-~- storing, ';.nc1 this has a direct con8aqueaoa of 

rAmOval 01" b1nd1D9 of mDlat.ure, wi thout which the 



Idca:e-orgui .. canftOt 91'OW. EoI' aearly baU 

of the YM .. , htqbly h .... o ooMitJ.on 1s ex1eUDg iIa 

thls p~ of t:be counuy and helle. then ls ....., 

cb~lfla. for t:be black ~ ._red in ~ to 

absorb moist ... flOlll at.BJsphere· end facilitate 

microbial ac1:int.y. Ver./ little att.efttlon hee 

boen g1"en so lu to the (jualJ.qr &it.el'iorat.1on of 

stored black peppc. ~iftg all the .. MpOC'ta 

1n view. the ~t. study wu designed with 1:he 

following objecti .... 

1 •. To find out t:he _leare S"t.U9 of dtff..n. 

gzo'ldes of bleolc pepp_ .wnd in eJq>On. IDa"" 
duri.ng 41ff..-t. ....... of the Yea&". 

2. '1'0 study Wle perlo41cal. .l1l"ut,lou in the 

oeeunenoe of ldeJrOflora e880Ciated with the 

stoZ'E4 black peppeI'. 

3. To lso1ote t:be II1c.r:o-cm.Jan1sms a880c1a'\\Od with 

the stored blaGlc pepper and to ~lfy __ a_, 

an4 

4. ',h) .. Umata the .... loraUon of the que11tyof 

the stored blaCk pctppeJ:' 1ft te.rme of 1_ oleoreain. 

p1pclM and at.anll contents and to ...... the 

ro l 0 Of each Jd~qan1_ in c:bangiag 'the 

quality of 'the Pft't~ ai: ftl'loue leve18 of 

hum1dJ.t.y • 



Review Oloflleralure 



Agr:1oul~ aonJDOdlUea an &NbJC!IOtOfl .. 

eoui4el:eW.. spo.f.lage b,r ~I_.. 1'be 

4emage to periabable GOm1IOditJ.ea an yuy -.u 
... i_lined s1ace the pedababl0 uture of 1&be 

comeno4lUee le ._.lbute4 t:o ..... 1!OCS.a-"" of 

mlcco-oavan1-. 1ft the CMe of ._l-pc~. 

ClOIIIII04iUea also ~1_ an _u_ 
damage, but. ill • nlaUftly slow meaftU'. a. 
quaUt.eUve deterl.ol'ot.ioD 18 ~ place ... 

.... age dUe to 1af_~ bf' UCI'QiIIOI"9&D.t.-. 

under storag. OOft4I.tlou (Jay. tw7O). The 

atorfJd black peppel' .... 18 of • ....peclehebl. 

nature t. pcoad to ...... t.aUft aftd qual'''''''''' 
~8t1oft.1ft ........ dUo to the .~ Of 

miczoflo .. a. 
Clu'1~ end ...... (iNS) npoRed t:.o 

aov._ of IDicnflOn oecN.I'd.Dg In nond 

aqc-laultunl OQII ...... "... ftI!lIl'Mtly, .... .talah an 

carde4 &em tH14 .. nor... 6ft(i tho_ 

mica'oflon ....... ".'lJ' p&"eMftt 1ft 11M 

VU'ebo.... '!'be etudlee _ Idc&'Oflon 

oaeod.atea with blacJc peppel' Mft) __ 08ft'1e.a 
l 

out by very few ..... 1IeI:8. Mo~ ( .. ft' 
8tu4tGC1 the fwlgd flon of b1ecJc .ad wbI.-. ~ 

as w11 aa ~ ' .... n affeoUog ........... 10.,. •• 



..,. ....... ag '1 tIIIIPl. of blaoJl peppu. ,1M 

nUilbet of '-;81 _J.oa1e.s pea' ~ of _e.1 

black ana wId._ peppu w1t1l _la .... COIl .... of 

'4 to 19 PfW ... Yal'iad ,.. .. to , 1atdM 

aDd theM ... 1.-. of .... cU.H..- ........ 

In genen1. the groUDd pJ:OdUcU bad higbU 

mJ.cnb1al COUDU _aD ~ ~ 4ue .. 

~e GddltioDa1 n.pa .ia pzocaaSng aad due to .. 

greatea: flU.daoe ana ~n.ded __ tbe putioJA8 ia ... 

g~ prodac-. 

iCJ:':ls~ .. ..,.. (1"1) gaw ,. aaco..- of 

the populatiofte of m1~_ ift ap1cea aftd 

spice ~ AocoNing to ....... the total 

mJ.cl"Oblal load in aps.c. and. eplce ~ I'GQOtI4 

110m 20 •• '/9 .., 55 • SO·/v. CoU~J:m8 __ 

8180 detec .. iD blaok peppe&". Y .. _ aa4 .. ct 

la.feetaUon ...... p.ntOe~ 1ft aU t:.fp •• of • .&0 .. 

but J.a black pepper the iIlfetetaUCn ........ 

(9.800/g). 

l"aDgOd f.com • ., tW .. 
et.epby1ococcl ... pr:eeewrt il) ... of ... IIP'-, 

s~~rift91y. i_\tAd •• "'UIIIl8 - p ...... 

1n block ~ wh11e 8lalpbide £RiDMn aDd 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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Hu1Wles &DI Cbl'ln .... ,,,,,, .. _Mel tM 

fQll(JeUlor:a Of blaeJc aad whiu ~. __ 

obtaiae4 fuagal _»al.. fI:aa 4. S8l't[:lea ., blecll 

aad white. vbel .... gnUDCl peppen wbi_ 

••• ngea '1.0801 • .,.. range I>eiDg 100 .... 0,0001 •• 

The major tag! pnNftt. weftI MPf«9!I.'" II ... 

.. gJ.t ..... ~I' .. IMW""t 

A- umuu· .. _Au ·8114 fIIl.'''- lip. 

The moisture CCIlt&ftt. of CCIIIIDU'C1&l .... lee 

raft<ged fZ'OCft .. 2 .. 1'-3 pe~ t.:errt. Cft vet wi __ 

baets. They also 1ftaicat.ed tho" U the ....... 

cont.ent. of black peppel' '" JaJ,pc below 13 p.- .... 

ped'lllp$ iAf_.UOIl by fw1g.I. «.ndel be WU'da4 off. 

KrJ.ehrUUJwally ala. (1".) de~ ... 

mJ.crobloloqlce1 quaU_ of ceC'tain 8p1_ 

lncludJ,ftg black ~ aoa have a_Me! the. 

fwalgaUoD with a lId.IlWI'e of et:I\l'l •• oxide II8d 

me1:bJ'l-fol'mO'te nfNlUd 1ft cou,idecable ~ 

of total mlCl'Oblal load eD4 oomp.late ... ~ 

of oo11forme. yeaft8 and 1MMl14e of 1Ia1aotc peppc. 

Pospi811 urc1 .L.jeeefto (1"S) ob • ......, ..... 

~ spores of aD.ln&da ~la .... ~ ... 

ttblte end black peppc and ttaR _,.,. F&& 
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quell.,. of • __ .. 1al 88ll'JP1. ~ pzoclUce 

.including blacdt an4 white peppel' __ enal,.alag 

thei.- .uOl'Obiol.og1ce1 quality. Ule ozganiau 

Obta1aed ... eoW.DIS" entaoooool. 8tapbr1ocloeo.l." 

Clog"' •• we,...... reast.e, mildew and 180\1148. 

Ragela .. (1 • .,.' ~ed 1d\e MJ:'Oblc 

and anaesobic bacftel'lal avora foms 00CU't.Il0 

1ft qnun4 black peppM'. ~el g£OWth " .. 

not 4et.echd .,... cu1'tUJ:inq at. .2·C. 1be 

mmct •• aoteu Of ba~10 "1'8 Obtained from .... 

Uftbea~ glOUDd blac1c peppe.&' will_ tnOUDted to 

a.bm.* tr/oe Aftc hea~ veatmerrt at. lOO·C 

for an ~ the aouats wen as low u 10-'/ .. 

Voa LoI'Oh .. a. ("") studled 1:he 

mlcJ:Obio1ogical up .. t)f 20 Qpe8 of heD. and 

spica 1n.cl'OdiDq b1eGk pepve". 1be total 

meao.ph11ie --t. ,.aft + mould QOWlt. aDd OOtIDU 

of ooUfO~ Mat",... wi', _&Mpw 
...... sulpblte-r:ec1\IClnq clo ... ldla. 

filp'5I1s1&M in 41ft.eft. "Pi'" 

~1eI:'e~ 
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Seeaappa end lfaftptoft (lt80) etudied .... 

bact.efto1og1oe1 quality of both whole aM gl:CMed 

foau of b1ao1c peppel' which we.r:e of's: .... for 

salo ill ei.gb_ ....... 1 store. ira a c:aaa.u. 01.,.. 

Coltlo ... 1.1OCV" and en~ nng .... fa. 

5.3 x to· to 21.5 • 1O~/9 ".... ~ ia ... 

of Vie ... lee. "GbIr&sbll .1&, A*.'II" 
.... ,.' OSI_ ..... 1 • .."._ ani 

''DR_ "Inial ..... 1aolai:ed .. 

biocbat.oa11y e~Hd. The avobio 

bactel'ia 111 the ift4unda1 eamplee &"aI'lged f'1'OtI 

6.1 x lOG to l' • ,,6 ill ~1 ... vee .. 

and 2.0 x 102 to .1 •• 3 in ethylene tnate4 

88!1l)1ee. 

Mo~U_ (1"0) nponed ttbst .1t;Jb~ 

1so1aqa Of the -J- tuagi vh1cb t:hey Obt:el.ned 

!&'aD block and whit. pepper .... lethal to rata 

t:o 1:he ex1:.ent. of .. po .... t. On thi. be_l. 

it vaa oonclt:de4 t:ba_ peppel:' might be a eulUble 

.lIbsVflt:.e to&" aflat:oai. pI'OCl\JCUOft. M1e11"...tIl a
(1912) ~ ..,...,....0 a.ulaa 1ft II8IIpl •• of 

hwoned white an4 black papPU. sav.t;r' 1:bne 

per cent of l'IOft-4ieiftfeoteCl black peppu ..."... 
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contained .......... o.u1de WbUe only 11.1 

per ..... t Of disiDfeoted 8aIIIIPl- contaJ.aed _111 .. , 

lndica'tlng 1Nd_ GOftt_h.:U.on of ... ..ua. 
t'lR!DA6b1 SIIc_ pl' __ aaa~ both bel ...... 

• f.r •• 1ntecrl&loa. AU .... 1 .. of white pappw 

both before aDd at..- cUsiU'eaUOft COIl ...... 

mould, 1ndlcaUDg intemal ~tJ.on. 

AIp"i,,,1,, gl'" wu rue ill "'11te peppu ....,lM. 

180lata of AU£IW. ".,., .. AIhDII"I: 
.. BUiStlfi aft4 .l- ,,_ prod\tced nayaotoxSn 

on sterile rice. 

Pal and. kuD4u (1912) 4fteI:mJ.ne4 aflatotda 

prcducUon by A1Pprp&lh1 app. fr:oa vu:io.. India 

spicee ranged In. 0.1 to 10.1. 0.1 to a.5 .. 

0.0 to 7.5 mg/Ia1 ~ft1J'. r4Pc aas-' 
wea found to be the beR me4I._ for dldoJdD 

produc1ng fungi. .JU1Mth and ile1bel C19'.) 

I'epo~ that .... Of the oqanlfft8 ~ ill 

stored epic ..... Of any poUfttial publio bealtb 

haa8l'da. ou.vue and aems.n. (l.n, WUM4 

aboUt pounUal ooat.anaUoD of ............ ttu:outb 

aflatoxin contaifte4 sa no and black pepper lIM4 

in the preparaUou. Dler i_laUd 521 ......... 

of moulds from 8aq)l.. Of n4 pappw '9lR .... 1m?' 
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aDd blaok peppel" (I,", lASMl GOIII!oa1.J' \1M4 101' 

spaaittb......... Of these. 100 lao1aitea beloIIq" 

to .... ,&11. GaM poup out of whleb 11 .... 

f.l'OlD blac:tc peppel' araoftIr vbJ.e. 8 81:11WU1 pl'Odueed 

aflatoxin 81 • 

.Most: of ~ apia. ..... in ~00C1 p&'O~ 

U"G contaminated .. veaylng _tet wi ... --.let 

spores. yeuU. DaC!Ul:'i8 and 1Daecu. ~ an 

few "pone that. wbeQ the ble.cJc pepper and wtd_ 

pepper are used fol:' the p::epa.nt.ioft of foocI 

st.uff •• the foo<i 1tama get cont:.tam&nated with 

m!cC'OwOt'ganisma. 

Vollto"a (1971) et.udied &bout. ""l ...... 
eont.ami.nat,lon of foods and envlroament at. 

1ftatit.ut1onal fee41ftg centna. i\IDng the food 

• ..,lee and e.dd1t1vu analysed it wee found .the" 

apic .. and col'ldJ.menta. parUOUlu:ly bleak peppel' 

were heevily COAt.emifta-.s. 1)c'4goal (1'18) 

reporl*l the role of fungal contaalftaUola of 

bl~k peppel' 1ft UIOuld qJ:Owtll Oft dIy 8aUM.9-. He 

examined granulu. coane ct\18hec1 and ,........ 

form of black pepp_ stPpl .. iftcubeUWS ... II ... 

3S·C OIl malt. agu with 'two 01' tbI:ee pel' ..... 
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841 ........... tM .... _ of ti'aelr CIO~Uoa 

with ....a.a.. .. 4etec1:ed t.eD aft .... speed .. 

iD the gnJ.u aDd _. peneattage of eampl-

cont.erd.rlaUd wlth 18I,.'1!&. llMP'E'll&a 
wee the bl9Ma. MSag 20 to 70 pe.r cen~ 

~ aMMll oonteSMted 20 ., 50 per -

wblle A- __ iafU1:e4 10 to 2C per oeat of the 

Hlllples. In the CI:'USbed peppel!' six apeat.. ~ 

Db......,. b 91_ aDd.t- ._~ .. (both 

J.Ooo to 10.000/<;> be1ftg the major 8Ou..rcee ot 

coatt.lm1Mtloft and SA .t~r. t.en 8t'>eC1 ........ 

found, tho major eoatainanu betng A- q,1,IvsjQIt 

(10.000/0). A- AID<Y4JiI and an unidentJ.f1e4 

.peele8 of is'u,". (both 1.000 to 10,OOO/g). 

In the cae. of CIl'WIha4 peppel" aal ~ m1.xt.ure fow 

species w::e f~ of whiOh b silllUl aDd 

Jj.. war (both 100 to 1,00019) were the maju 

contan1naftta. 

MNMu and Mo..... (S918) ~ II'If'COlog1a.1 

analysi. of apice ...,lee 1Iifpo.ned. 'to ITaaee and. 

b.aVe rGl~r1ted that aome of .. cont.am1naUoae 

spotled the app ........ of the food producU ttl..., 
rend_iD; the prodQcU ... 1.able. Some of the 

other oon~t8 ... to:1genlc end ..... 

tll.ere£ore., d~)~ 



~ aa4 SCb1ef ... (1978) NpOne4 tba. 

high loada of bacteJ:1a ift apt .. me,. be napou1.b1e 

for spoilage of ap~1nQ JIl8ft pro4\lO_ and 

AppZ'OK1mat.ely 30 .-.ple. of at>l .. and splo. blenda 

were tested for mov.lde (RID""". and 

QI~N9'&hft apP.), '11.,.11., .,'_ epeeJ. ... 

oo11foms and sulphite nctuc1ag clostridia. 

alack pepper showed wary higb levels of 

eontaminaUOIl 'totel bac:terial OOUftt:e 

8pJl.)roximate1J' 10"'/0). They hege reconmende4 

at4tr111zatioft of 8p1oea by fund.gatUon with 

etbylene-oX1<1e to n4Uce the JbOUl4e. 

Ho1sture content 18 1M11 ~ .. _ 

imported fact:or that govw:n the det.ed.orau. .f 

black peppel:. For eaeh epee!e. of _."eoe ,..,_ 
there J.8 a l1'd.ft!aun leYel .,18t.Ure CIOIl~ below 

which cannot grow in .. _red pro4ucU. 

Mor~. (1910) 98ft Nftlt,a _ .. 

moisture cont.eat of peppu dried ~ ~ ~ y 

I f. 
mfth04.8 of ove cSI'ying. J'l8DelJ'. 101-': to 

COft.~ ..... ght. 130·C for OM hour _ ..... C 

UMer ..... for ftve bov .. - haJiaQ ..... 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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0.8 to a.a ...... higber thaD 't:bo .. 4ateDiae4 

))7 the _1_ cU.eWl.et.loa p%'OCaM. .......... 

ana Chl'lnl.'. (St") foua4 thn _, ..... cron .... 

fftlft 8.2 to ,,,I .... _____ ~ be .... 

and indica ................ ODIl,*,t ". II pel' 

cent 0 .. belew elf .... pI'OtleClUoa _ nonct ...... 

fl'Om 1afta1oa ..,. ....... fuBo'-
.Jo .. (1'78) npone4 the. WId. ' .......... 

c.\J:ytog OJ:' __ td.eoJc PIPPU' J.a nona -ael' 

slt.uaUou ~ bl' higb ""'.'t _i .... 

content.. ~ "-' 411P£>8U'ed oa tbe ~ 

~ ... iIlfl....a..g 'ta ~ .....,."" 
.Il a. (1'71' ,... -- "isture aoataa. 1ft 

YU'ioua CO.lnial ....... of ga&'ble4 end ~l" 

materiels Yad.e4 ... p.S.nl\eu4 to ~ .... 

a't apeclf1c ifttel"ftle Ja a pan1cu1v "...1nv_ 

::t.'be,v also nponecs that the ~ weigh. 01 

be.cT1 •• anowed I.a'lenue 1tIbl1. the molatun 

collt.ent. showed '*"_ ""to the matun", ..... 

~. mo1at.ure coataat ls .. .i1Ipoftallt. ....... the. 

1nflUeDCU gsowth of ~ m.S.cn-oqeal .. ... 

ot.be&" agdcu1t.ve1 .. iIOdlU.... FJ.ab1ooll CStIt' 

foua4 MR.UB&&1Mt It. Mel At QIa proriftg -
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lMuffid.eatlr ....... oopn. .... (If.,, 
J:'IIPORecl the. At sa ... poap .an4 ""ell'a. gJ,._ pd_ .......... ~ of .... 

..,. pel' ..... WbU ..... .,"', .. _", 
end a, ~ u pel' ___ 1 .... 

CODteftt. whU. At If., .. , .. IAw_ .. 
• ,-_"" au- •• ..a to pdf_ •• u ... 
content bet:.waa 'I and 20 pc cent. He "' ....... 

stated that aaleIIDUal fo.Ql1ll~!oa of A- AIIM 
tolent.e4 a mo18~ ~ rang.t..nq ,.. , .. 

15 po%' cent:. with .. optt.a DeW_. 12 e4 11 

per cent. J)q- cop.n cIeteriontAacl l'ap.t.d1F .... 1' 

.... iAed acUon of liNIet8I'1a and peMU'aUDg 

moulda when ita _1 ..... _ten" ... OYC la pel' 

cent and when the TlIIf'''' nlaUve m.1<U.q- .. 

80 pel: .. to. ......... wn beiag aa __ ao-c:. 
Salow 12 pc -- _t..nv.. 1.\IPieIs&1.&M AIIM 
gnw st:&peI"flcia11y bl.rt the pen.etftUoa of .. 

tJ.a8\lOt wue Uldt.e4 to t801.1ted areu ... tile 

bacteria c:ould nacb to estabUah ~ ... 

prior to the fuDgel ~ .Ba.ated.a _ .... 

c1eter1onUoft of cop:. &'lIImSlne4 do....... ia6d1D1'-l7 

on cops:a baviDg six to eight per: ___ ,_ ... 
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hu.a.a.tJ'. 

a.n t ..... ,,,. Ut::ent.un ...,. tNt 

4et.erloraUOft of 011 ............ ~ . 

con aad *'!It... PftU~ • a. (IHI) ...... 

the ~ of 1.'411. 8*"\1. ,.. f~ 
J'ianest.d or 411. .. gr:oUD&lut. kemel_, 

I'8rt1.CU1~rly t'heeemplee. with high mo1 .... ~ . 
Ch.r1S1:aba_ and l.op_ (It.l) oatabllebe4 trbd 

the follot"J.ng low lJIIlu of J1W)1sture conua" 
(baaed Oft pu cent. ..... wigb~) pem1tted ...... Soa 

of Su.':Clly canal ..... such as vb .. " bul.,. 

and mat88 which .,.... kep~ a_ ao to as·c. 
iilPUPQ1M lM1ppb&I'at and ~ a"'1e'. 
13.2 per CK!!IIl~ {j. _1dM 15.0 per ..... 

6,. gpbpgtu 15.2 pe.t' oeet and 6e 'knI 18.0 

paX' ceat. l'he coloat. .. of "" m1jl1.SSM ,.. 

wbeat kept for 100 4ay8 .to JO 1:0 2S·C ___ lawn 

CODteJ~t. of 16.4 pe.I' cent maa'fMJ:'ed 7,50.000 wh11e 

at. 1'.6 pes- cent. the OD~ 00Uftt. .. 2.'10,000 

and a. 14.9 per c.t. t.h1a .. 4.,910,000. All 

11lC~se of 0.2 ~ oeDt .t.D the IIClat.u.re ...... 

thws led to fl",'o14 .t.Dc:naM of ftOft9tI miczoflone 
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Cbri ................ (IHI' ...... that; 

HPM'a&11II ..... ,."&D'. lIP. GOtdd 

pxolUente .. dee ~ with .. 8)utun 

content of 12 .. 'f por <*'t. whenu &'_ 
ap. &"equ1re4 .. _1atar:e CIOftteftt of 1. ., 22 pelt 

cent. Majum4er aDd Yenugopal (1969) nponet 

tho dfect'. of mo1sture content Oft the pco4u.oUoD 

of psr1thec1al 'bod1ee. hrit.hec1a of A- ren. 
~ _~~Ad" .. 1Iltu1&'" ~ t,. .... wlU -

produced Oft cereal ~ if t.he moisture ~ 

is atleast 15.0 to 15.5 por cent. 1'beae..... 
positive correlaUoa be" ... _18t.w:'e COfI'I:8Dt. aDd 

growth of! at:onge f\1ftgl Oft eoroh_ (Bu.I:I:OUgh ad 

8e\tCeZ', 1"1), Rice (cttdnenNfl and M1~ 

197'), sunflower (Christ.a.. 1972), lfl\eat; 

(DoMDI.gg .. Il- 1tll), Pee (1'1eld aM KlDg, tNJ), 

CotirOft (Ha11ot.n. 1"5) , 80Jtsean (MUM&' and 

Geddes, IN.) end in RaG' (Obl1eamS. .... S1'1rd ..... 

1973). Cbr1steoiMlD (1,'72) nport:er:! d1at; the 

moiotun contfJDt. of sunflower aeed8 end aeUctt.r 

of ""RsI'''' skasII and.. laSdISM .... 
poet tively eor.n1a1leCl. 

'!'he deYelo];Reftt of --.J.d 4apeftd8 __ Oft t.Iae 

relaUve bunidJ. t.y of tl\e af:crage t81rpera.... ..... 
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the l\'I)J.otw:e ... t.wl~ of the CJAiu (~ 1.11). 

He also ooncl1lde4 ~t'. ___ lI. skMII aD4 

.. Mill'" .. gzow OIl r10e "'ttl • IuddiW of 

'0 pel" cent or below ,....... .... fIIld DIIIIi. tip. 

requ1na4 abo\rt 15 pH cent nl.'ll ... htai41~ to .. 

~.u ...... du1~ Hej\ftC1ar ... a. (lMl) 

nponed isba" 85 pel" celli: relni..,.. mnidley could 

Due to the iftfGCtton by nerage m.t.C&'Oflo .... 

the qualtt:ative 4e1:erlornt'.ion of stored .... 

rAZ'lebshle aqrlcu1 tural pro<JucU 18 a commoa 

phenomenon. RepoI'U OIl the qul1tatJ... epoilage 

of bla.ck peppel' 4Ue to ilwuJ.oa by stonge 

microflora ant ~. 

Stu(U.08 on the quality det.erloraUon of 

other sen!-perlsheblo agl:lc\ll~l product.a an 

nuxwroua. Constdehbla change. 1ft the qual1q. 

of coconut 011 due to pro1oDc.i1ed storage of CiIOpX'& 

have been reportecle Stock t19.) obseJ:ft4 i:h&~ 

chanqes 1ft the o<50ur of the oil content. of cop&"a 

could be at.t=1butea to the presence of l1lftb71 .,.11 

met:.br1 be.Pty'1 or _..,1 ..,,1 ___ .. '!he bag1 



AepeaviU .. ~ ... CkDf ....... 1Il'_ ... 
W',&I"' ..... MlI .. &. _a.,'· 
,I.d'Mr sa wart.?'" ,..".,1,,_ .. 1,..,..'_ ..... wbI.ob oocu _ GOp'" ... 

found to be OIIpfIbl. of utili8ing cocoaut oil ... 

80 .... of cadIcNa .. thou gnwtb leading ., 

l"ttducUoa in 011 CIOIlte. (BJ'Z'e. 1"21 1 ... -.1 ...... 

and HUrl' 1111). Yugb... (tf52) e1'a1d1acS Oft the 

food val_ of cocoaut 8DC1 npol."te4 1:ba~ the 

quall~ of coconut 011 dapeaded to a la.rge .... 

OIl 1tbe qual1 t.y of c:opn fftIIl whiCh it. .. 

~ ~eft1y cld.ed INNlcly otpft c* 

copra ob~ fftD ~ __ nuu yield nne1d 

and clou4J oil t.,rJ,tb 1M4 __ and .. U. 

CbaDgea 1ft the odMU:' of tM 011 in copn ....,1_ 
may be due to the pne ... of odorif8l'Ou 

al4etaJd •• or ___ pJ:0duae4 u • neult. of 

o:d.daUon due 1:0 tbe iDles_UCla by .nona
miGl'Oflora (~zpe, lHO). 

Paul .IS a. elMO' atudJ.e4 the qual'utiw 

end quant.itative ohaDge8 .f 00G0mlt. oil _ 

1DOCUlat.ion td.th MllDA11. 1Inr· bJ, 0-. 

6- .hl' Bb' ... tip •• re'."" .... 
IlallaaUA ."1.... 1A'bttIPw Xk1d.' 
9Ft ",}l. !'O'IIII •• Iftmdt'! .... 
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"--I ...... 11&8 .. all -iao17 aad ia 

OOIIbiaaUoa, ..... tila. then .. a ~f." 

~ ill Oil _ ..... end l'at'lCd.dI.t-.V_ Mexi .. 

I"8CbJcUOft in oU vu neol'deCl 1D copra ...aplea 

lnooulaUd "'_ .. .a ...... (1.,. ~Yi"'l1J'. 

Ward en« ..... 'IN1) reponed .......a. 
b~ce1 Cbangee in ~ ~ .. ., 

i:he ll1:.taclc o~ AfRM'SI&'I. a •• "I, four ... , .. of 

fA,. aktEa 9IOUP aD4 PM's"". ,",' •. 
Lallt.halcumui .. .,.. (1"1) ~ .. ~ 

in 011 GODt.eftt due to lito...,. fungal Upue 

1lCtt1v11ty:La ~ and .... _. 

Da'tec'loraU. of 9R1n .... ~ __ 

lncnue 11'1 fa_. aetde aad the Yal_ denoUd ... 

Fa1t lteld.t.ty Value. . _ ... and Q\rlaten_ (1',., 

.tu-~·;ied the fa"-y .u .. tent of eome eenale 

after ilwaelon by ........ bosme fUDgi. 

lndI.Y1dUe1 maJor •• _t.y eol4a 01' total f8~ _leU .. 

J.nc:nued w1 til 1ncnU1ag lAwela of 1awuloD .., 

.tongo fungi. !he i ..... eeuvl_ of Appg&11rII 

ICM'Itt.tIII and !!IISalll' ........ &'8JtOned ... 

whea~ (DUke. liM, Drlmadn .. a. 1'11) wltb 

• -.f.81t;Qn level of 11 - 31 pel' a... U. 

Upue ensyma act.t..ltr we ~1e4 by 000dIIaa -.t 
Chri ...... (lt52) _ .... __ R\ltb (UII) _ 



CDttoa. Vl~ eDCl Gov1nda.-y (1966) Oft paddy 

and \blieemJ. M<S Gl-.lD1vua (1913) Oft ragl. The 

ap~'41 .. of MitIIa.&1Mr F&si11&a\), iliIVA •• 

"'ii_a., MMDlE&' end .JIAA$II?tppl'&. 
VenerallV .tDc~ the ffta fett.y acid. ~ 

to Goodman and c.br1s_.eeo (1952). the diffeADt. 

storage moulds aorwert fata 1n1:0 fatty -=141 n 

differant rates and ClDJ'UItDed thSl so the melD aouzee 

of. oaz:boft. V1 __ ~ aDd Govin40.samy (1168) 

obpJ~ tree fat.ty acW! c:omrere1on 1ft peitdy ..... 

1nfocted by SWt1FAI'. _tat""". !'he Z'04\1CUon 

of starch 1!'l terms of quant.1ty will be yery lotI 18 _8' of 

the eeeds (Sart.oa. lMl). Q:ms1der:able Z'educ:rUoa 

In dry ,ffd,(Jht. ~ ooatent aDd .NductDg MIg'" 

were noticed 1D p.ad4y .. ada .tafectod with .... 

bOrne tungi (V~ aDd Govinda • .,.. lNI). 

'l1\e recluct10n 1D. &:r wolght .. fo...a to be dUe to 

4epletiOft of &J1saI:Cb. Due to the h1qh ~ 

~f en~. fZQA the atpletitl1D of 8tuch. .... U _ 

1Dcnaaing __ .t of ,... I • ...,. .. .fAa. 

Koehu ilabU (19'.) tnd1cated t.bEtt QUtx)hydn-' 

protein. fat." reducia9 sugan end t:oUtl n.t~ 

eontent _.ftI reduced au'S _ MUld tnfect1_ ... it. 

was ~t:ood 'that: tlle ~ meUbl)U. ia 

altergd by pa~ .... ioG. 
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Chen7 .... CDlJ4 and I.'.) ~ ...... 
1ft pl'OUtJa aad MI. acr4.de 1a peeuu 1Df .... wi_ 

Ali~tD&i'. _., ... and alec ob ..... t'hat .. 

p~teia. wan ~ £1&-" to .. 11 

polJPliP'tia. o&- iaIolUble ~ta rmd t:ta. .. 

free amSao $CIa .... .. ... infeet:.1on. 





the ......... ~ with tbia ft\I4J' 

wen ~ __ the Coll_ 01 Hon1cN1tun_ 

VellaniJcJcan. 

1 • ...,18 aol1eaUoa 

Peppel" e8lllp1 ..... 101' the etudy wn 

ooUe0tt.e4 ,... 80utb 1DcU.a bo41aaI Ccapa.t\y, 
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-- 2owa, Cocbla, OM Of ... 1...,1_ ~ 

upon. ...,...,. ia ~ J'oUl" tiff .. _ 9ftdU 

GUbled peppel' 

The black peppel" ....... atIOOZ'41ftg .. 1:he 

81M att. oleanS89. _1bI.Dg aad ~ 



~ aad ................ light. ... 

pi ........... .. 

Light. papp_ 

2ha black peppel: oouls1dAg mainly ~ __ 

berrie. WhJ.cb are YeIY Ugb. ... weight an4 an 

npenUd ))J' winnowing. 

Pinhead ~ 

1.'be b1ac1c ~f conalaUDg of .a...-
4e'f'e1opect belTlee due ., infct1Uaau.oa 0.1' 

any otJ\$1' pbyelol.o9f.,caJ. tieo&'6lc ead ...... an 
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The 8amp188 ... .ue0te4 duriag foul:' 

cU.ffer:et. lIOnths naael". JeDWU"Y. Ap.r:l1. .N1J' ea4 

October of 1',.... Can ... tak..a to exc1 ... 

lou whlab neet..a peeUafAal we.tmenu. 

a. Quality 4eteart.fMUoa 

. the qual!"" ...... of etond black pappu: 

... ~ ...... of oleonal., ~ 

ate.l'ch end mola ...... 



2.2 fti)1' pi.pedne. the tDUl uUOgen .ta 

the noa-volaUl ..... ltXVaft frac1:ion tJae 

IftUlt1pl1ed b7 tile factoa' 20.3. (S~ 1MI). 

2.3 stuob GOIlt:ea" was eatJ.raaUd by tbe 

metbocl of ...... (IMl). 
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2.' Mrtd.8~ _teD1t. WU det.e~ bf 0YWl ..,. 

method. -.a.8 .. we1ghed wen laIpt. ia '< 

enc1'bl_ ill ... air CMID •• lOtte UftUl 

ooanan1t. weigh" ... ~ Jtt:J1stun __ 

d~ wu ...... M4 1D p8I:'OGfttage dry 

weight. baa ..... 

J. 881:.S.maUon of adCl'Oflon. 

Tbe quandt.aU .. _Y of microtlora ... 

curled out by ser1al 4Uu1:1on t.eabn1que (pram.X" 

lUld SObIddt. 1"'). Ule microflora OIl thlol. ant 

gzoUftd peppot' beni .. were estimated by tb.t8 

t:echftique. Gz'1adJ.Dg we c:tmG with the help of • 

mort.ar and peaUe ... the ~ pepper was 
pee.. throUQh • 10 __ at..,.. Ten g&"afII't\Ita 

each of wholo and ga:ound pepper barrios were 



25 

.... felnd tao 110 ml stu11. 41atUle4 watel: aDd 

thea. ",... ....,.. ttell iD fa _~ sbakU for 

one hove Fna~. 411ut1ons upto 1'-' 

411utior1a ...... pnpan4 1ft stuile dl8d.11ed 

vetee. Dae ben d11u'ttons for each group of 

orqani4IDS wen ~lously detfN:'mined aftd tho .. 

dilutions ... UM4 for fUrther stUdi ... 

3.1 BUIlQWt 

One m1 of i:he eolutiOll fI'OIft 10.5 411uUoa 

wee pipnte4 into at:erile paul 41ahe8 1:0 1dUch 

melted and cooled 18 to 20 ml of Maniftt. 1'0 •• 

bengal atnpt.aalyCift agar (Peptone - 5.0 'lI 

Vlucos. • 10.0 VI agee 20.0 g, potasSiUM 

cU1IydI:oqen pboepbate - 1.0 91 magnesi\D nlphate -

0.5 tJI &'0 •• bengal aoluUoD - 1.300 dl1ut.ioar 

8treptanyC1a - 30.0 lag and dist.111e4 _tel" - 1,000 tal) 

wu pot.Jred. 1'1 .. pet.c'i diabe. were U8ad for eaoIl 

SaftllJ.e. 'I'hc petri elishaa wi tb tho med.t.a wve 

aw1rled thoroughly to gd • UD1folm tU.aU.tlNUoa. 

After aol1c.U.ficeUora, the d18bea were iIlcubaUd ._ 

nom telaperature fo ... four daya. '1'be fUftgal 

colonJ.ea developed at the eM of four days ...-re 



.. 

co_ted -iao daIk field 001oll.r 00Uftte&" and 

values wen .., ... 8414 all ....,.. of col ..... 

per granae Of dried black. p8pp8l". 

For •• t.1matJ.rlg baOUl:k populaUon,. one III 
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of 1:be solution fnm 10·' 4Uuticm wu ~ 
J.nto each of 1:be sterile pev1 dishes and 1 ... 20 III 

of nutrient ega.&" (Beef ~.. 1.0. ,g I 

peptolM - 5.0 • ~ exv.- .. 2.0 gl apr • 20.09 

and cu.atUle4 Vatu' .. 1.000 Illl) Wd poured. The 

petri dishes wen _irled CJ8DUy for ualfo_ 

t'!istribut1on of media 1ft the dish. .'Itac d1sh.. wen 

1neubated. for 48 hour. a. I'OOIR temperat.\1l'e in an 

1nvelted I)Q!31t1on. \'he bectwia1 colon1 .. 

developed were COUDtM with 'the bell' of • dU1c 

field colony COUllUtI' .... ~)na8ed aa .... 1" of 

colonies pel' granne Of blaek pepper on _18~ 

free br'l.J. •• 

3.3~ 

One m1 of the ecluUon fcom 10-' dl1ut.1oft wu 

pipetteCI into sterile peW! 418h... Melted. and 

cooloCl 15 to 20 m1 K'WI..... atJU (Glycan! .. 10.0 91 

aue1n .. 2.0 91 magneel_ 8\IlphaU .. 0.1 91 



• 
27 

~1Ill cillo ...... 1.0 0' calcl. cubona. - 0.2 • 

'.no_ au1pIaate - 0.01 91 agar - 20.0 9 aD4 

dlsUUed ..... 1.000 ml) ... pouret!l 1D each 

peVi diah. tbe tUabea wen lftau'bat:ed for ..... 

days •• I'OOID ~atuze _a tdle ~tea 

coloniee were c::ow\t.ea. l.'beee were expresaed as 

number of colOD1ee per granme of ~red black 

pepper on 1l'I01s~ f_ bea ..... 

t. U1eftUflceUon Of IliCJ.'Oflon 

All tho tUCJ:OfloD atwelope4 1ft dUuUon 

plai:e method wen .-.uee. 

4.1 Morphologioal sbldS_ of i\Dl;al !loft 

l'be young aolora1e8 a.nloped 1ft t:be diluUon 

plate method \1'" 18ola... and cu1 tue4 in 

potat.o-dext.r:os~U'. 81ftgle spon isolaUoaV 

a1Dglo hyphal tip iaolaUon va. doDe fo.c' 

maJ.ni:aln.lng pure cu1t.un. 

NO.I',PhologJ.cel ~ of t:be f\1Dgal 

flora W8I:G studied ___ 1\mgJ. '" petd. 

d18h08 and by Ill'" culan tecdud.que. All 

the cultures WU'8 ~ 1ft I'OCID t:aq,o.ra ..... 

Caepekte 8tJU medi_ .... Art"RDlM ew .... 
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for otba.r tap .... \188 (~ 1"1). 

MajOJ: _zpbo109ical cbaraet.en of the fuDg1 

were ob ....... bF \18lag 01JIDPU n ....... !d.c~ 

"the ~U Wll"e obtained bJ' taldftg the 

means of fitt.J' obaen'a.1oM of each ch4l'ac ..... 

8acterial oo1ctate8 4eveloped 1ft 'the dllv.Uoft 

~lnt. ~ w::. au.Jc.ed 1ft nuuieat. fl9U end 

s!nqle ooloftY iso1eUoa was _ •• 

.h'om the eingle co1oD,r 1solat.1on, Gl'WUt 

method (1814) wu emp1oJ'e4 for: the ldent1float.t.oa 

of bacteria. 

Black peppel: £ICII tzbe Peppel' ~ CeaU'e, 

VellQrl..J.1dtura. wee ucad for all the M l&sa ata4l-. 

Laboratoq at.ud1ea .... cMTied out. with .. 

fanniY'Ul'-l variety pepp~ obt.a1oed from t:ht!t 

Pepper l~.search {.;eaV.. VellanikY..ara. The PfJIJPH' 

was brouoht to e _ieture content. of eloYaft pel" ... 

",.11':.1 was then surface ncU1ze4 with etbaao1. The 

inoculation of dUfel'8nt ralezo-organl.a .. ... 
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1>y ....... ag t.M ben:'lee w1th the foUowilaq ttaagI., 

9'1a •• a..&11II MW, Ae aDd'tJ .. Ae a&a&aD. 
be DAHIIIII II'YMID'M , .. , £8I's'll&8 "_.t Eu.Ir_ .,., ... ' ........ lladAM. and 

Bac~a __ ..... 

The: vrowtb of cU.ffennt mleroflore" kept. at 

different leY4tl.s of relative hunddity tIU ob ....... 

after iftcubaUoD to. 15 and 30 day • ..s Lafeot1ou 

,.,ere graded ae followl. 

o .. :10 9~-th 

1 .. Span. QI'Ot-l'th 

2 - :~\Jn~ 

one of tbf.1 objaoUvea of tho study wae to f!ad 

out th{1 effect. of d1ff!~t lovals of 1:81at.1_ 

huml<~1ty on tc'l.0 JI'C'':;'th of mie::o-orqan1sme Oft peppe .. 

and on tbe O)ft~ qual1utlV\! datel'loraUon. 

Different level. of relative humidit.y .... 

rnainta1nfl($, inside the 4ealJ;:4toJ: (1 .. 20-... 10 eaJ 

by keeping various GOIICefttnidcms of suUUio eald 
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e. ~11owa. 
Sulphvic ad4 .... __ RelaUve bum1d1_ 

9'E"" I'·' 
0 - 100.0 

I - 98.S 

10 - "-I 
15 - 12.9 

20 - 88.5 

25 - 82.' 

30 .. '1.6 

31 - 16.8 

40 - sa.a 

'1'eft grammea each of surface st:erllized pepp_ 

in £1ve ,. pewl Usb .. iDocula1:ed with the 

teat organ! .. JaUYi4\ta11y 8D4 kept a_ vuioua 

levels of relative 1uai4ii:Y. There wen Ii". 

petri dishes for eech ..aple. ObMl"f'aUorw.,.. 

taken after 15 and • ~a of tacNbatlon to fiftd 

out the effect. of nleU .. 1RI'A1d1t.y on the gnvth 

of m1cro-orgenlems u vel1 u on tho quaaUutJ. •• 

and qualitative det.edonUOft due to speci' .... 



by OQIIplete ·l'8DdDII1aea c1ealga. De .... 

m1c&'Ob1.a1 popelaUOft ",... analysed at'
lagan....... Waftafo.rmaUoa. C:O-eff1c1ent:a of 

coft'8latioa be._. blaUV. "-1dJ.qr aDCI ~ 

of the ohadc:la1 CO ..... ~ta \lAde&" e1:W1r 

were alao wrke4 0-. 
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1. Ped.od of ..-nple col1acU.oa 

Bampl .. of five grades of black poppe&" viz-, 

garbled, \lagUbled., l.1.jht peppu. pinbone! and 

upcowruy 9&'sde ttue drawn during four Bea80ha of 

the year (1979) narnely 0001 4I:y (January), vum 

dry (April). 3O\tth w .. ~ 1IIOMeOn (t7uly) a."'l4 

North Eut P'IOIUIOOD (OC:~). AVUQ<J8 ra1D.r day., 

temperature and 1'81.1:1". bumld1t.y dur1Dg the 1IIOfti:h 

in \m1ch pepper sempl_ were an.wn are qlven .1D 

1'able 1. 

h'clm the above t.eb1 .. it 1s clear th;;t~ durift; 

Januazy tia.a:C8 was ilO n1Dfall ar.tCl t:ht. ~QlaU ft 

hwn1:l1 toy ,.aa the 1..... (max. 81.15 per cent and 

m1n1. 65.25 per cen1t) ~ed to other different! 

SH1.JODS of thG yw.;r. 1'b. aV8r&.9- mc..xJ.mum and 

min1llum twtlp8nhr .. during the month were 'I.S·C 

and 22.4·C respecUvely. 'lbu. t.hi8 period 

could be classifled .. 0001 dr.t period of the yev. 

Dur1Dg April. then wen four ra1lq' 4aye 

reeul tJ.nq 1ft a tot.al of 57.1 _ raift, Whlch in 

tum nu .... su1 teeS la _ 1I'M!I:eaae 1ft .releU .. bUmldlty 

(~ '1.35 per ftDt and _.S ... P.85 per o_t). 



Table 1. 

•••••••••••••••• ..... -............... . 
Pedod NllDber of 1'otal ~t\in J.a·C RelaUve bumicU.t.y iD " 
of ra1Jll' ralnfaU a_.I. 11 _ II q, •••• 1_ •• • 

...,lJ.Dq day8 iJa Ira MaxS- MiJdaan Matt,.. Hi .... 
•••••••••••••••••••••••••••••••••••••• 

o o 31.50 87.'5 ... 
April 91.15 ... 

•• 50 22.00 99.20 

32.00 8i.25 

••••••• __ ••• ~ •••••• a ••• = •••••••••••• _. 



~ls aumme~ month ~ 31.2·C and 29.6·C 

res:)fJCUvely_ 11Ns, the month could be f'JOl'l81de.n4 

.a tbe warm dry period of the year_ 

Out of a total of 31 <lays. there ware • 

rainy (lays .reaultiD.l in atS.90 om rain in JUly 

and this waa the peak rainy month of the South 

West monsoon season. As a rasul t of cont1m:lou 

raira. tlK.te was an incftaae 1ft relative h'Uldd1t7 

(maximum 99.2 per cant and mJ.nW\1n 93.21 pc ceat) 

and a decrease in ave.r:aqe t.a2lpeftl1!Ure \ma.xJ.m\1Ia 

28.S·C and m1n~ la.O·c). ~ua this moa~ 

could be considered as the cool moist period of 

1:be 1"881'. 

North £ast mon800ft was not. very .,.,.n in 

Oef'.cbor. In th1~c; month tben was only 19 n.t.ay 

deyrl \)'1f-J1 105.20 mn rain. As a result of 

intermittent rains there was a fluctuation 1ft 

relative hum.1d1 t¥ (maxilran .'.0 per cent, m.lniIrnD 

at.25 per oentd &ftd temperature (ma.x1Du:l 32-e 

and minJ.mum 23_ 5 -a) • 1'.be 8.'9'Vag8 tempaJ:ai:.un 

during thi s month wu 1... than that during 

Apr!l alX~ more ~ that in JulY. Sf.m!luly 

the rainfall durJ.ng tbia month .. le •• theIl 

that in ~Y and mon ttMD '" April. 'l'hua this 



period 00\lld be cou1dVed 88 we.&m moist period 

of tb$ yeu. 

2. Mols1Nre ataa18 of black pGppec- in 41fl .... 

.... a. 

JaXfe&'ellt grades of black pepper vue drawn 

during the four dlffennt. sedOna namely # 

cool dIy r,er104 (Januacy), warm dry period (April), 

cool moist. ;period (JUly) and warm 8)18t. period 

(Oetober). Moisture c:onteDu of t:be Ampl .. 

were 4etermiDad aDd the ruulte ere pre.ented in 

'lable l. 

'l'he reeult8 reveal that t\he mo1ature content 

of different. grac1ee in d.1fferent Beasons .elY. 

'lhe min1nNm mo1stu .... obsen'ed during the wam 

dq poI:lod of the J'MZ' (April) in all the Qndee 

and maJd.mum dur1Dg the cool _1st period of· ~ 

year (July). 

During 1:be month of January. tilt:) 1'l\88n mois'tUft 

content of the qad)led pepper waa 10.'5 per oem: 

fInd there was a alight. decrease du.r1ng April, 1 ... 

10.19 pel:' cent.. an in July, dur1ft9 the peak 

period of SOUth ~ ~ i:bent".. 8ft ~ 

1n the moisture COrrt.eDt of gaJ:blec1 popper and __ 



t·blat.ure conteat.* (per oerrt.)of different: gra4ea of at:ored 

Wack pepper: dudag differerd: seaaoaa • 

................................. -
OZ'adea of black peppc 

•• •• _._ ..... a _ •••• n lU E _ ••• • •....................•......••••• -
10.15 11 •• 7 to.9' 

10.19 10." •• 50 10.10 

11.1. 12.17 12.23 

..............•.................. ~ 
• Means of £"OUr rf!lJl1caUou 

I Ga&'bla4 pepper: • O.H 
I UDgubled popper • 0._ 
I CD (0.05) for _80ft I L19h t peppc • O.M 
I PiDhead pepper • 0 •• 
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mean _18t.ve OOD~ ... 12.08 pel' Ceftt. Latei' 

on by Oct:obe&'. 'the .. isare content d.ecreaae4 

by one per cell" 
1be variet.t.Oft of moisture conteftt iD fov 

different seasons of the J'8U' waa found s1gn1ficuU,. 

different in the caM of gUbled stored black 

pepper. 'lbe maximUm mo1st.ure content wu 

obs~ during the 0001 mo1et period (July) 

followed by wum _1st pe.r1od (0c1:0ber), but it 

was OIl pal' vl th the cool dEy period (Januuy) aad 

the laut was durinG the "urn dI:y period (April). 

The initial ... _ia~ content of the 

ungaJ:bled peppu d.\ui.Iag Jamaa&y was higher (11.08 

per cent) t:han that of gadtle4 pepper (10.'5 pU" 

cent). 1be dea'e8 .. ill the moisture conteD. 

during April vas 1:0 4:he ... of 0.32 pel' een .... 

But the decrease dur1ftg the 0001 moist period 

was 1.50 pOX' cent. La1=er, 1 t decreased to 0.52 

POI' cent. during the VU'ID _1st period (00t0beJ:').· 

In the caee of WlgU'bled sterad black PGPPU', 

tho moist.ure suws d.\ui.Iag aJ.ff~ per104B 

was found t:o be a1gnificatly different. The 

max.t.mum mean l8Oiotw:e content vall obseved during 



dle cool molst pea-1.o4 JUly (12.26 per oent.) 

follow.d bF wum _lot. perioQr Octobe .. (11.'4) 

per cent). The rdDQuI mo1,..,," 1'" cent. wu 

obMJ:ftd dur1ll9 i:ha wum dIy pedod" April (10." 

per cent) but .l t ... foUDCS to be on pal" wi tit 1:he 

cool dfF period, Jan.uaay (11.08 per C!eftt.). 

In JaINH'Y. t.l\c~ moisture cont.ent of I1ght 

pepper was 11.67 per: cant and a slight c.tecreue ... 

noticed dUring April ( 10. SO pel" cent). aut. 111 

July, ao1oture content ~ed t:o a. tNUd.ImIm 

Of 12.59 per cent and """"ter: decreased 1ft 

October by 0.42 per cent. 

There was s1·Jftlf1cant difference in 'the 

mean moisture content of 11ght pepper during 

{Ufterant. seasone of the year. 'lbe maxS.IMn 

moisture content was obsel"Yed during the 0001 

moist period of the ~r (July) but: it ... Oft pU 

with the war:m mo1Dt per:iod (Oc'tober). 'lb. mean 

moistue content durln<J the cool &y perloc! 

(Jaauaay) vas found to be Oft par with wum moiat 

period (0ct0beI"). The leaat mo1etu.re content 

waa obeerved during the vum dI:y period wh10h 

dt.fferad significantly from the othc\l' tbne -.0118. 
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Pinhead popPGr shOwed a moisture content of 

10.'7 per cent 1ft January with a slight deerease 

of 0.41 per cent in April. the warm ~ period of 

In JulY. 8 moisture content of 12.8' 

per cent "'88 noticed., which \f88 0.14 pea" can. more 

than t.hot of the wum moiet: reri04 (October). 

The mean mo1stun content of p1nhea4 peppez

during different see80fta of the year was found to 

be significantly different and the maximUm moisture 

content. !I'8S obee.cved during tho cool molnt period 

(.1uly) followed by ~.,urn mo1:Jt period (Oe~). 

The least mo.!e:ture COI'ltent vu obse&'Yed du.r1nq the 

warm dry period (April) but it wu on par with ~ 

cool dry poriod (Ja.nu.ar.r). 

The above da1:a J.nd1cat.e that: the mols~ 

status of all the grades of stored black pepper 

fluctuates according to the 8et:lSon. 'l'he minimum 

l':lOisture content was Ob88Z'YOO (lurina 1:he vu:m dI'y 

period of the yeu, April and max1mun r001sture 

content was noticed during the cool moiJt period, 

JulY. It is also cl..- that the temperat.un ... 

hum1d1ty levels 1ft the atmosphere hl'lhly influeaoed 

the mo:1a'tUre content of dried atoretl black pepp_ 

of different gredea 1a diffecant seasons. 
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J. Hajor chem1cal coMt.ituete of black pappC fa 

different seaaone 

Tables 3,4 8.4d I Vi". the ~~iUoI'l of foul' 

different grades of black peppel:' vis.. 08nlm. 

uagl!l.l'blec:s. light peppu and p1abead ~nde 1n 

4iffereDt __ lIOns. 

It is evl4erlt fJ:Qlll the &Ita that the 

fluet:uaUng moisture stat.\\S dUI'~J difftmmt 

SeuoDS led to alight decliae 1. major oouUt.ueft_ 

11lce ol.aonesa. piperine aDd atarch 1a diffenftt 

gra4ae of black popper. In all the gra.de.e of 

stored black peppe .. the oleorula. plper1rae and 

starch oonteftts went mEtld.I'a\D d\l.rlog t:he cool c1I:y 

period of the yeer:, Jenuary and the m1n1lmaa ~ 

t.he uaar, nlOist l'f!riod of the yeaJ:, October. 11uI 

decrease :Ln the oontent of "I'arlou COD.8U~ 

in garble.:!. ungarbled, 11gbt peppe&' and p1.nhea4 

... ee fran January to October wa. 1.12 per ~ 

1.02 per cent. 1.60 per eerat and 0.59 per .... 

res"oot1 vely in the cue of oleoraiD. ~ 

correapoMiftQ va1\1118 for plper1n.e were 0.65 per;

oent. o.a::. per ceDt. 0.39 per cent an4 0.1' pC __ 

respecUftly. The redUctJ.Oft 1ft the OOft1:aDt of 

.tanh from Jamaa.". tD ~ ... 2.71 pH'_-' 



Oleoresi. cont:eat'.* (per cent) of 41ff.-..nt gndaa d 

atored black pepper 1ft d1~f~ per10tie of tile J'eH' .'5 . 
••••••••••••••••••••••••••••••••••• 

Gc'adM of blac1c peppc 
~ , _... • L. IF n g b. lad •• 

0Ubl.ed ~1ed L1ght:. pepper: 
••••••••••••••••••••••••••••••••••• 

9.93 12.10 

9.81 5.00 

t.26 9.02 

••••••••••••••••••••••••••••••••••• 
* meaft8 of fOur replications 

CD (O.OS) for aea.aoa Oubled pepper 
Vagu:bleCI peppe&" 

Light pepper 

i? 1nhead popper 

• ~11 
• 0.112 
• 0.18 
• 0.35 



Table .. .l?11,erJ.Ae conteDt* (per cent) of c.Ufferent grades of 

stored black pepper 1n dUfceat per1oc1s o£ t:be yeai' 1919 • 

••••• . .. •••••••••••••••••••••••••••• 
<ka4ea of b1ac:k pappc 

Sreuone ._ 'I. • v.a I am n , II. 

Gaa'bl~ tbJarbled L1gbtpopper P1nbeail 
••••••••••••••••••••• •••••••••••••• 
J~ S.~1 5.06 4.91 1.11 

Apr1l 5.08 4.15 4.69 I.OS 

.1u1y 4.95 4.36 4.61 1.03 

Oc~ •• 76 4.23 .. 52 1.00 

••••••••••••••••••••••••••••••••••• 
• Mea!ls of four rep11c:aUoDa 

CD (0.05) for sea8OD8 

I OeJ:bled peppd' 

I Uftgar:blad popper 

I Light peppc 
I PlDb... peppec 

.0.36 
• ~.2 
.0.20 
.0.05 



Table ... st:arcb content· (per cent) of different grades of stored 

black pepper 1a dUfec'flftt perloda of the year 1919 • ..... -.........•...•.•...........• 
GIIadee fd. black pepper 

S.allOD8 •• 1 •• _ ..... 8. 11.'...._ • _ F • II Inl'._. 
aarbled ~ed Light pepper 

•••••••••••••••••••••••••••••••••• 
1 •• M 

April 21 .... 

'1.73 

•••••••••••••••••••••••••••••••••• 

I Gubled pepper 
I I Vlag'ubled pappu' 

I Light pepper 
I Pinhead pepper 

• 1.23 
• 0.874 
• O.eo · .... 



1.6 pea' ..... 1.M pc _to and O.IS pc _to ia 

tthe cue of gubled. UDgU'bl", 119ht. pepp_ aDd 

4. sat1Jfta1d.on Of m.croflon 1n atond black peppew 

M.teI'ob181 pOpUlaUon of gI'O\UlCl end whole 

sa.rnplea of four diffennt grades of 81:0'" blaaJl 

were •• tJ.IMlted 1n fov dift___ ...... a.elJ'. 

cool dry perloct. want <ky pez-1od., cool _t.at. 

1'or104 end wum mo1 •• period of the rea' 1"'_ 
l.olaUoo of different mlca.-o-ol:'C;Jenisms, -lJ' 

fungi. ))QctRia and ~tDOOlJ"Cfl_. wu 40ae witla 

the specific media fo&' pantcular gnU);) of mlClll'o

organisms as 4 .... 1bec.t in the materials eIld mtRhOda~ 

Bac1:e&'lal aDd .f\1ngal popula.tdons wen .,....... 

in all 1:be qradea of ato,,*, black pepper in all 

the seasons while 801:11\01., cet:.ea ..... abaeD~ '1'ben 

was no variation 1n the t;ype of micl'O!lon 

asaoeiat.ed with the at:oJ:eC1 black plJppC 1ft 

different .... 0 .. 

The resul t.s of the population esUmawa of 

f'Uft<Jl am b<"lcter1a 1ft tchole aDd ground ...,1 .. of 

different 9J:adea of ato.cec:l bl80k pep:;" ill 

different a ..... an 9''''' 1D ~l ...... 7. 
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4.1 l'uDgal pOJN1aUon 1ft 4t.ff~ ....... 

The I'eeul t.a &"8V'eal that. gJ.'O\Iftd 8ampl.. of aU 

the ore4e8 yie14ed mon manbel' of fungal _1oa1_ 
when compand too whole samples of aU the 9ft4ee 

1n all tho eedOna (Table I). L'Jb11e conald.Ulftg 

~e aYU'age mee.., fungal populaUon of tIhe yeaI', t:he 

gl'OUDd sample of garbled qra4e yielded 418. 

colon1ea/g whereas whol. --.113 of the .... yieldM 

only 26163 eolen1..tg. In the cue of ungad»lect 

grade, 1':be whole aample yielded only .... 

eolonioe/v \-/bile tb<.:it. of the gmUJtd pepp_ ylelde4 

a population oE 48870 colonJ.ee/g. The flIftgal 

populations in vbole and gJ.'OUftd samplGa of Ugh. 

popper arK1 p1nhea4 grade trer:8 not much pronounced 

wbon compared 1:0 t:bat. of qarblN! and uagaJ:ble4 

grades. In light pepper. the a.erage yield of 

fun.;al cclon1ee/o of whole awnple was 4*8. 1Nt. 

1 t was only 51463 oolonie.,g for the g.I'OWlC!I semple. 

Similarly the pinhead grad. tlle whOlo sample yielded 

a fUnt;al populatJ.ora of 28488 colonl.tp/g aDd gJ:'OtDI 

sample. 38281 oolor&1e~g. 

'rho te8u1te 1ftd1eat:e t:h3t. in the whole sanpl .. 

of. all grade. of ato-.d black pepper, the ~ 



billa 6. MeaD LUJJJal populat1on ('000) in different gradas of atorec! blaclt peppec 

iD c11f~erent. seaaoIl8 of the yeU' 19'79 • 

•.•.........•...............................• -
Grade. of black pepp.r 

•• d d d III • , n R .~.. __ ••• 6 tall I • , 11 1131 • 

outtled 
ilL am_ I - • F •• •• 111 _ , • r ...... 

Whole Whol. ....................... _ ..................... -
fPI T • I. • J ..... •• 

April 
0 •• _. 

II I F EElf •.•• It 

33.00 45.05 
't.S181) (4.GI37) 

••• • 1 ... _ I 1 • an r t I 

st • 

•• La • • • 

F L R1 1, .. & •• __ 

1 •••••••• u 

• ••••• r ••••• 1n ,n $. 

d U 

31.50 
(4.498') 

• ,. t 

15.75 '4.,..,') 
II 

I II." __ • , 
1" E 

.. .-

• 

• Dr. 

. -- 1 FE.. J '$ b P b hI II ,. ••• • 

.......................•.....•....•...... -- .. -
Flgurea given 1D l:'la,.en~ ... a.t'8 lo~ar1tt.m1caUy transfozmed valuae. 

I G&J:bled peppG' 
I . I Qlgu:bled pepper 
I Light peppc 

I P1aheed P9PPC' 

----
-lit 9IR!R1 
o.un 0 •• 
0.27 
0.253 
0.17 



fwagal pop'Ula~ obeeI:Yed was 1ft garbled on
(HI.' coloaiulv' followed." plfthee4 , .... 

col.On1.-.Ig), \lllfldbled (3S .... coloD1ea/;) aDd 

l1qht pepper (42108 oololli""g) in that, ol'Cler. 

In the cue of ground HlllPle the ml.nJJma COUll" 

wa. ob.el'Ved in p1fthead. (38285/0) followed bJ' 

. the gorbled Grade (41886/9) and the maxi ....... 

:;or tht::: light pepper 4$146"g). 

The results reveel that there wu much 
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f luct.uatlon 1n f'1.IDgal populaUon 1n all qn4e. of 

storeCi black pepper in diff.ant a_sons of t:he 

year. In all the qra4ee. t:be m.1rlJ.m\Ia f1lft9&1 

population wu Observed for both whole aD4 gzoUftl 

samplos <luriag the wum dI:y puJ.od of the year, 

April. .During th1. pe.l"lod the mJ.nJ.awm f\ange1 

lXlPulat10n in the whole samples we8 obaened 1ft 

garbled grade (13500 colODia8/q) followed b.r 

~ifthead (15150 eolofti"'g), Uft(Jarble4 (21500 ooloalw!g) 

and light pepper (21000 colonl.&/g). for the 

groUftt1 samplos the pinbeeci" grade y1elded " ~ 

fungal populat.ion of 22500 colon1etV9 followed 

by 29250 colonielVg for gullied gradee aut. ....... 

lr:as no ar'p.reeiabla diffe.renoe .t.n populaUoft 00'tIDt\ 

between the groUDd ...,1 .. of light peppc and 

unge.Dlad grad .. , with 0 fungal population of 



31500 oo1oDi~O t... 11~1ht. peppec' and 33'711 

oo1oD1"'9 ,.~ tile uaqal."ble4 gn4e t1uE'1ng 'the 

"am 4zy P"i04. 
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'.£be _xilMa fungal population 1n all the 

grades of stored black pepper for all the samples 

waa obS8I'Yed during the cool moi:3~ period of the 

you', July. During 1:1118 pe.r104 the maxiMam 

f\Ulgal population 1ft all the whOle sempl •• vu 

obtained in the caee of l1gbt. Peppel' grade, 5'_ 

colon1u/g foll0we4 by IOtSOO ao1oftleeV'g for 

UDqaxbled pepper. Tho gal"bled gnde yielded a 

mJ.ft.f.aNm fungal populaUoo of 31110 eo1oa1ett1o 
during that. pel:'iod fo11owe4 bJ' 3'.00 ooloDiWg 

in p.f.nbead gnde. ~ fungal populaUon 

for 91'OUftd sanp1ae duriDg 'tI\q period ... • ..... 

1n light. pepper pede "eMOO COlon1_g). 

followed by uog8l'bled g.r:ede (.1600 colO1ll-.lg) 

and the mlnilun fUftgu coloA1_ for the 9J:OuaI 

.ampl .. vas obtained in 1d\e pinhea4 gJr'" 

(50600 colonle-.!g). followed a,y the gU'bled ~ wi .. 

a fUlkJal population of 51000 oolon1..tg clurlD9 

the cool mo1s. ped.od. 

Dudng the cool 4Iy pM'io<1 and wum lIOi" 

period. t:hc fuDgal populaUoaa wen found to be 

1 ••• than the cool _1 •• period and more thaD tbI 

wa.m dIy pU'iod., lMn. ,. ... h1gheJ:' CIIu.riftg *be __ 

.. 
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mol." pq-iod __ compand to the cool day pedod. 

'l'he whole ...,1. of gubled grade yielded " IIdAIaMa 

fUftgal popaledoa of 2?000 C010Di-'O 4uriDg 

the cool 41:7 pezoiod followed by pillhea4 gn4e 

with a populeUon of .250 co1ofti..vv. 2be 

\.,hole samples of uragU'b1e4 grade y1e1dM 311SO 

colonleav'g and the eane s.p1e of light'. pepper 

gJ:'acie y1.eldecJ '7830 ooloa1-.'g. 

r~ funJal populaUon ._ obtalDe4 

during the wum moist'. peJ:'1od 1ft gJ:OUft4 • ..,1 .. 

of UftgUt,led 9J:'e4e (15130 colonJ.etr/g). ant! then 

was not much diffumce between ga:oUbd sepl .. 

of lifJbt. peppeJ:~. (55000 colonJ.e-,lg) end 

ungamled gre4e. ~ wee no apprealeble 

diff erenee betweeD ground eampl08 of (IEld';le4 

grade and pinhead gl'1l4es which yielded. a funge1 

population of 45010 oo1oa1eav'o &ft4 44000 . colon1-t, 

respecU.ve1y. 

The populat.ion· vortatiOl'l of dUf-.t gndM 

of stol'Gd black pepper in difl ... t'. aeaalOft8 ... 

analysed. In the CaM of whol. samplee of 

\JaZ'bled grade. ~ maxiIIMB f\lftgal popula'td.on .... 

during the cool moist. period lNt it wu on pur vi. 
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the wazm 1I01at aDd cool .dXy pU'lOde and vel ... 

durlll9' the .. pe&-1od8 cU.ffel'ed algA1.flO8ftUy fnm 

that: of ~ wam _ puiod. The gJ:OUDd ..... 1 •• 

of gubled 9&'a4e also yielded max ..... tunqal 

population 4ud.ao the cool molst period 8I'ld ... 

was ca par wlth those of vum molst and eool 

dry period. but. i:he cool dry pc104 wee found to 

be on pol:' v1 th the war:rn dIy pciode 

a.tmi1erly the whole NmPlea of \BIfIUble4 

qreda ylelded .rnax.t.mwo fUDgal populatJon cStu:_ 
the cool mois,t period and wu on par with __ 

moist and cool dJ.-y period. '.the cool CII'y period 

was f.:Uftd to be Oft par with wamn d&'y period. a. 
some tJ;>end was observed 1ft ground Nmp1_ of 

\Ulgarbled grade also. 

In 'the cue of 119M Pet'peI", 11ko otbec .. 

grad .. the ma.x1mura fungal populeUon vu ...... 

dur1ng the cool moist. period and was 011 par with 

vam mol<J't. and cool dry period., but the 0001 

dry por1od was found to be on par wi t.h ttha wura 
dJ!Y period. Max__ fungal populad..oa in gmtlllCl 

samples of light pepper grade was obau'Vec1 during 

the cool molst padOd anc1 it waG CD pu with __ 
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1 

;1 ;, ~ 
; :: ) 
. ! 

lItO'st. ped.od aac.t 0001 4c'y .. ~ ~ the cool day 
~ ;'~( 

periO<! 41ff"'- significantly from that. of __ 

dry period. 

The ptMee4 grades of both whole and gJ:OUDd 

samples showed a s1m1lar' trend as fa&' as tM 

different. _SCM were concemed. Maxi .. 

fungal populaUon wae obtained during the 0001 

moi::st period end 1't Wall Oft par with the vum .1" 

and cool dry pedod and t.he WU'm dry perl04 df.ffen4 

. significantly fZ'Olll that of 0001 dI:y period. 

4.2 Bacterial population 

The results show th~t bacterial oo1oD1e. vee. 

more 1n ground Nn1plea of each grade in tiff ... , 

oeasC'mn \-ih~n eompa.r:ed to whole aMpl .. of all 

grades of stored black popper. 111.0 baG1I:eZ'l81 

population ranqe4 fl'::8 '42"1500 colon1ea;/g in 

the garbled grade to 10'21500 colon1elf/o 1ft p1Db.ead 

grade. The whole ...,1e of the UftgU'ble4 gnde 

yi-:'-ld4ld a mean a..-age population of "03000 

eolonl~G and fO~ the light pepper . 

1 t wo 10472500 oo1oft1e8/0. The ground 88l1ple 

of 9arbled grade yielded an averago mean papulauOll 

of 97.5000 colon1.tf/g and that of the ungHbled 



Table ,. ~ bacter1al. popu1nt.ton ('00000) in dUferent ~ of stored black pepp8' 

in different aeuone o£ tbe year; 19'79 • 

•••••••••••••••••••••••••• 0 ••••••••••••••••• -

Or.A •• of ~lack p.pp.~ 
_I lid'. •••• F ••• ,. ___ Lt._ ,- • J. b 111 •• , •• 

UD.qublGCJ 14.ght. peppc P!abe" ... ____ • ______ .... ____ • ME ._. n I • • aM' F ••• a - Ell 11 If _ 1 •• 

•••• 

.•.......................................•.. -
m u._... rill 1 , U •• *J • U I •• .... U F • •••• 1_. L & I F 

• U'." 't F. 13 RAJ 8.U6 L.I (I .. • I ••••••• 

•• .1 • m I IITI I I "I • • L •• a 

.... L d • • ••• 11_ T I UJ IF] F I 111 • • • 1 .M •• 

ttl b , • t q 1 

8"to 
,,,.11'7) 

• 

• • I • I" I •• 

I I I ••• d t n 

I...... e.r. • II Fr •••• -
.............•.............................. -
l'iga.r:ee g1 yen in paranthe... are logaritbm1cally 1:I:'aDSfoz.med ftl __ • 

I Ga.lblG1S p8Ipp(R 

: lbJubled ~ 
I 14g1lt peppel." 

I P1nbea4 peppel." 

----
_.. 9PMII 
0.04 0.13 
0.04 o.w 

O.O?J 
0.06 
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ql'ade yielded. populatd.oa of 10.H300 ooloalett/g. 

The g%Owsd • .aplea Of U;ht pepper an...l p1Mea4 

grad .. ylelded Ulalll ... mn'ber of bacterial 

c)lon1~8 (11518300 colOft!etV'9 and 11.toeaoo 

eolon1~"9 respecelvely (Table '). 

~ih11e conalQ".a:'i~ the bacterial coloDi.. in 

different grades of stored black pG,pper, the whole 

a,~ yrounU semples ot g~bled gzade yielded 1 ••• 

number of bsct.er1al colonies (142'1500 coloniGlllo 

and 8785000 eolonl~s/9 respec:t.1Yeq) theft ligbt 

and pinhead 9'ra4e (8703000 eolczUes/g an4 

10"'300 eclon!e!VtJ hapecUvely). Then wu 

not much difference bef!Weell light. and pi .... 

grados \1h1eh yielded f1 population of 104'2100 

colonies/(J and 11518300 coloaletV9 reapectJ.ve17. 

'rho varlaUon 1n the ocCt.U:1l'ence of Ile.ctedal 

population in diffuent gJ:'ad •• of stored b1aek 

papper in dif:f8J:'ellt soasons of the yeu ".. 

much ZI%'QnounCed. lhe m1n1aum populaUoa for 

both tlhole and 9%'Outldl Nmplea \'1&$ obta1ne4 .t.a 

all the grades c!lur1ng the warm dry po%iod of the 

yoar, April. The tfhola nmple8 of 1111 the 

gradeS yial:1ed mln1m\IB mnbor Qf baet.clal ooloftiU 

dw .. l~.J this period 8ftd the leaft n1lllber of ~W 
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populau.oa ~ la tho 0 ... of __ led grade. 

"'50000 ao~""9. The whole ,"--)1 .. of 

U&38rbled 9nde y'.lded .250000 bacutrial 

colcm1e.r!., vbioh ... las8 than tl1at of gU'bled 

gnde. The cUffenace ill b8ct.ar1al co1oft1ea 

was slight i. \\he .... of whole sempl_ of light 

and piftbead 9"". '''00000 =lon1""9 8ftCl 

81'0000 eolon1etV'g rupect.t.vely). Almost. 

similar treed vu ob&el'VGd in tha caae of gzOWld 

;$mn~)10s alGO, where tha minimum Dactel:1e1 popial.aUoa 

wa...~ obta1n.e<i in dlO gerblod gnde. (.71000 

cQlonteLVJt\'.i\ich was followed by UI'lgu:bled 9n4e 

".50000 colonies/c;). 'l11G ql"CUftd Ampl .. of 

11';."lt tl.,ld pinhead gradea yielded 8775000 aoloatGlV'9 

iJ1u 9225000 eoloat..,tg, respectively_ 

'l'ba whole aDd gI'OUD4 sanple. of ell t:tae 9l'a&ta 

y 1 el(led m',l.xi1m.J11 num'ber of bacterial population 

~:u.ri~] i:;he cool moi::t pulod of the ,..u. JulY. 

r.u:riRl~ this t>erioc! ~ population ... obt:aiaed 

1n the ea.se of gro1lQd sampl~. of light pepper (1.1'84 .. 

(14300000 ClOlcnio-tg) foUO\. ... by gnua4 .ampl •• 

of pinhf;';a.d -:;rade, (1 .. 0000 colonies/g'. 11te 

ground G_pl~ of UDgU'bled ql'ede ylel4ed 
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13420000 aolc..aietV'v. MiD __ ~r of bactel'W 

colon1 .. w" ... ...,.. .in the ground -.1 .. of 

garble4 gncSe. (1U40000 coloata.tg). Amoftq 

the whOle .-plea. durln:J the cool moist period. 

m8X1Jma populadon was obseI'VeCl 1ft p1Dhea4 grad., 

(12950000 co1ea1ett!g) followed by light peppGZ' 

1n the oa .. of whol. 

Sdfl!plO$ of utl'JaAllfJd grade. 11320000 bacterial 

C'"lODi-1!'8 t~. obaexvea and fol:' garbled grade 1t 

'i'\'as only ,GOOOOO colOnieeVg. 

'til11. c!)aa14e.ring the wurn mo1n p-104. 

~CtoDor. the bact.ed.a1 po,pulett1ons of vl101e and 

groUftd semple. 1ft different. g~ade8 we.ae 1 •••• 

Wl.. ing this POI."J.04 tho ~1Umun 'population waa 

obsena(i in 'the caM Of gaZ'llled c;JI'84e ("'55000 

colonie:) ond 10345000 colOrl1ea/~ for tbe whole and 

ground ssr.iplt~ ~up~'C'"...1 "ely) _,(he gl'Otmd 

samples o!: 11·.;ht papper grade yielded ma.x1aum 

population 0:£ 121toOOO colonitls/g dur1Dg t:.b18 

perIod" '~hcr • ...ls the whole sar*:.iles :/1elde4 OD1y 

11600000 colon1~1I""q. But in tha eaae of piabead 

(Jred~':, tilO \",nole samplt) ylt)lded 11\01.'. n\RbeZ" of 

b3ctrar.1al cc;loniea than the wholo e-.ple. of 119M 
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peppel' gn6I Wlicth was 11'*10 coloftlelflv whil. 

tme gI'Ound •• aplea yielded. 1... mabel:' of 

coloau. 'thea the gJI'Ound .-aplos of Ught. r:4ppV 

grad .. 12I10000 oo1onleatlg. 

DuriDg td\e cool 4J:y period" JaDuaI'J'. the 

bact:.erial pOpUlaUon was 1 .. 8 than that of 0001 

moist. period aDd WUIn moist period. but it vas 

higber than that of warm dJ:y pariod. ..... also. 

the max.Smum populatJ.on waa obtalned in the c_ 

of gJ:'O'Qftd MllPlea of all tho grade. t:!here the 

rnaxiaula population VU DOticed 1ft the g.round 

sample. of pinhead grade. 10350000 colon.t.e"'9 

and then was DO apPRClable dJ.ffenmce bet:.wee 

thi8 Hmple and gl'Ound Hmple of l1qht peppel' gn4e 

wlth a bacterial populeUOD of 10235000 colon1~9. 

The ground a.ple of ungaml<'d grade y181d.cl 

IMS5000 oolordetV'g during vai. period anc1 

mln1lMJm population was notioed in the ground 

sample of crarble4 grade (7200000 ooloft1Off/'g). 

l'bo mJ.n!mUm populat.1on vas obtAlned 1ft the whole 

s~le of garbled g....s.. ( .. 2SOOO colonie"';) 

fol1owecJ by uaganlec1 gnde (1898000 oo1on1ee/g). 

whole samplea of l1ght. peppel:' and p.t.Dhead g ..... 



hd .... a popa1aUcm of H'OOOO ooloat.a.lt/g ... 

9810000 00"'.-'0. ~ftl7) during thf.a 
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per1ocJ. ~ I ~ wu much bJ.nbeJr 1:11an that of the 

wbo18 88llpl .. of gubled end unguble4 gradH. 

StaUaUca11y. the vuiaUon of baftedal 

populaUoa in the dlff.ent seuou tUffG1'e4 

significantly 1ft all gnc1Iea, both for whOle aD4 

gl'O\lnC1 samples. 

In the whole aewpl08 of garbled pepper. the 

bae1:.e.l'ial population diffen4 significantly f.&'OlD 

one seuon to another 8ftd the max1Jma 0CC\1ITtId 

during the cool moist p81'ioCl, followed by WUIIl 

moist periodt cool dI'y ped04 and the lean. in 

wam 4r:y l)Uiod. SUt 1ft the cae. of ground 

samples of garbled grade. the l'ftflX1IMID populaUon 

was observed during the 0001 moist period, even

though being _ pAl." with the wum _ist. Period. 

It differed significantly from th~t of cool 

dry p .. iod and wal'm dr:y period. while the lat ... 

two were on pu. l.be Whole and gJ:OWld aanpl .. 

of all oth~~ tb.ne gn~ v1z.. \1n9Ubl.s. light 

popper end p.labeed ahovec! exact.ly the ... t.I'e1a4 

88 t.bat of the gUble4 p-a4e. 
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All the gn4ee of _.red bleclc peppel: ........ 

1ft d1ft .. _ ...... y1el&Kt MRMR'&. 1Ipp. 

(fOU&" spec'''). £a',&lUW ep., £UI'JDIl.K&. ap., 
"...".. .... and alllRVl 8p. and OM t.ype of 

bact:eri.. 'Dle 1IO.r:pho1og1cal cbaractel:s of ..... 

fUftgi wen stu4ied. and 1dentlf1ed .a 4eaa1.be4 ill 

tbe Material. end Mfthoda. 

Only one type Of baoteI:'ium wee obMrYe4 u4 

it. was 14entlfJ.e4 as gnat ._ b'..lCUl'l-. 

5.1 Mor;bolog1cal characters of the f\1Dgl .... 

as follow •• 

( i) t)&.tE9&1&g __ Vea '.t'leghem • 

.... aI.e .... ,Ial. .... S. I' atO, 1"'. 
Saccardo, p.A. 11M. 1I&l- 1_- •• ". 
COlonies of 1IIapek'. agar, were found to be 

fast. g~d.ft9 with al::nadaDt submerged myce11\81 

byalllu" a.-1a1 bJpbae acenty 1n the e.uly \ 8---. 
but abundant ill old cul.t.uru. Coftidiopboree 

U'lsiwJ cU.recUy from the ...... tn... b7a11De 01' 

nllghtly yol~~ to brown near the v.alel. ealy, 

with thick valla, -th.t non-oep1:at8 of YU1abl. 

length and w14.... J. .. 400 x 7 to 10". Conidial 

heads fuscoua, blecrk1ah b=wo to blaa. OOD1<lie ira 



eba.lu, 9lol1o ..... tNt.Itglobo_. tb.t.eJI-vell .... 

20-50 ". .t.a ......... " bra11- to J'Gllowieh br:'o-. 

futile .... tbe whole eurface. Pbtall4e8 bOa. 

directly oa ..... 101 .... 10 • 1-3 ,.. CoDldl.tl 

(11) '»RIra&1.+. 2'IM''H L1ftk .. Fri_ 

SD" _1 ... ' .1, 1832. 

saocU'do. P.A. 1881. fYlJ.. (pg. it ... 

Colonie. _ c.apa's solutJ.oD Il9U, wtLt.te 

becoming ye1low.t.ah .. elm ",1 ~h age. of .. 1:hlD 

with 'YeoGtatt •• ~_ !IOstly aubmaltge4, auf ... 

growth coftslst1Dg of .... d1opbor:ea ana heade. 

Heads white, globo.., ra41ata" va.a:ylng .t.n t.he _ 

culture feam la.cve. globose mas... 200 to JOG " 

in diameter to anal1 heaCla w1 th leu thaD 100 11 

in diameter. ~ 100 to .25 .loDg_ 

or upto 1000 ".. 1. to • ". iD dl.amet.er, with thlclc 

walls, E.'l'MOth. oolovl... or slightly yeU0we4 

below the .e.lcle. Vealel_ typically globos .. 

renq1ng flQm 40 ,.. in 4iaMtel: and typ1caUy 

fert..1le ov .... the _ct ... ew:face. Phla114e8 borae 

on mea1l •• , both uuaUy eoJ.ourl.... MeQal_ 

15 to 20 P. long. Ph ... l.... uaua11y UD1foJ:m ill all 

hea48, 1-8 x a.3 ,.. Qtad.cU.a byallDe" g1ollo .. 0 .. 

59 
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In1b-globo-. nnlye11lpUoa1. i:hin \I:aU-. 8Il00'''-
2.5 to 1.1 fJ. in tU. ...... 

(111) Aapel'9WU ai4u1ana (£1dam) vi1Dtc U 

seceudo. F.A. 1892. 9114. 'ft- .' 524. 

ColorUf.:'s on CMpekt. solution agar plata. 

spreading broadly, 4uk ... _ ... gJ:'eel'1 dUe to the 

abund"lnt cord4tal hea4a, :t:e9WH Of 0010.,. ill 

purplish red eh...'\CIee. becoming daz'k with aoe. 
Conld10pb0rea _tb-wellecs. IIl1ghtly brcMl 1n 

colour, '0 to 1. 11 1oag. 2.5 to 3 J11ll 41"-

neer the foot. 3.5 .. I " wide below the veelc1e. 

COrlidlal heac2a ehon. col.ear. ., 1:0 70 }1 •• ., 

3S P. Vesicles ..... ~lc.l. 8 to 10 ". 1ft 41 ...... 

,ph1e.11des borne on -tou.lae. , to • x 2 t:IO 2.5 }III 

metulae 5 to , x 2 to 3 P. CoIl1d1a !JlObo ... 

3 i:O 3.5 P 1n d1atl'l8te1", green 1n ma ••• 

(iv) iftIrs&11M !BIt"'" (Vu111emi.' Tlnbo ...... 

lila- .Id- Z. I, t.t08. 

seccar40, p.A. lt13. ill)- fMsr a. 1.1. 

Colon1;~. CD 0..,..-. 8<1- lrd.tiell,. white. 

later yellow to vuyJ.Dg aolow.", revene oceuicma11y 

colourless or slightly oo.loured. Q)1oD1 •• stow. 
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o.cowi8(l. •• c..... ftlvet:.r an4 coaa.laUag of elooMlJ' 

c..,.ect GOal ........ adaino rna the .......... 

coai,110pb0na oo1ow1e.., ~ 310 to ... ,. 

lonG" 5 to 10 .,. wide nee tl\e .,..iele. Coa.I.ciid 

heade llerdllpbulca1, nella,.. Ito to 121 ,. Sa 

d1amo~. v .. lel_ 13 to 10 po 1ft d1aaDeti81'. with 

fert.l1o arM heltUpherical. Ph1al:1d4Na bonae _ 

metulae. :'1etUl.. 8 to 11) • 1.1 to I !If 
Phlallde8 5 to 10 • 2 -to a. 5 ,.. Ccm14ie globo ... 

u~ua.Uy delicately edWJul.ate, 2.5 VJ !,. 
d1ametc, usually l'JO::ne 1ft 100 .. 11' ra4t.aUD; ...... 

tv) £8&,,,,,. I&IirJa8 1'haIa 

IVJ& • .i ........ Ici ... MUir'" 111* ..... 
f. 22. 1.11. ~ by ~ 1910. ... 

_'strUII, W. .....,. f.H. lIS .'J"II .. 
cJ.t.E1M. 

aopp., 1111. ••••• PP.l .... '. pl.! .... 1", 

pl. 18. f. 1-. pL as. f. at. 
&aooaI'do. p.A. 1911. IDI,,' flWn· ii' 1_. 

Cos.u. ... _ Ga.,-e1c'. 1I01uUon equ fun ... 

,,, .. natal p.,:"."", 01 __ ~ en4 at. ... 

leatheQ'I coDl41a1 .... ia bl:"-aneft ........ 

b..-1Dg dark 9"- to oU.~ 1ft age. 

CoIIJ.dlopbor.. adeillg ..-1" '&'all the ......... 
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nnlJ' Oft MI1.al ~ _:~1:ly ,. to I" l' 10ag 

and 2 _ 3 ,. ia ~. \1$\1811,. UDbraDCbec.t. 

raroly braaclle4 aDd SIDOt:h-\'i&llftt. Peal.cJ.1U 

conaiGt.J.bg of • teaaiaal Q&'CUP of t1lr", foUl:' 

or occ8a.1cmal.1y .on. di\7f'I..r~en t lG8tula.. Het.ulae 

10 to 2tJ " 2 to S p with 6 to 10 in c1usten wlth 

parall$l l"h1811cJu. Ph1a114ee 8 to 10 • 2 iO S,.. 

benrint] ct)n1d1a 1n chains. COnidia globose ., 

subgloboM. single oelloc1.t usually 2. 5 to 3 ,. 

but tL"l9J.ng fI!'CI'l I to 3.2 P in d.ianetel:' an4 

smooth-"''81led. 

(V1) 9IEX»law laM (Wakkel') Doe41Ja 

W~. ,... JIIs. !Ii'W"m s.. S, III In. 4.2, 

3 (11 .. 12)" • (3)., 1933. 

saccU'CSo, p.A. lett. ~... 1JFg. M' J.08t. 

Hycel1wa HiP--. profuaelybranched, ~ 

a\lb.hya11ne to Ught bmwnr hJ'phae 2 to 5 ]1 vide. 

ConJ.diophona c1u:'lt b.cown, u.ahranche4. septate 

tl")tc'U'da the Up, _tat., or aU'a19h.t upto 2. ,.. 

long, 2 to 5 ,. wi'" Con1d.ia. boe .... ~... bl"OWDt 

J septate. the th1nt cell from the hUe b\Il9e4 ... 

oonup.f.cN.ously ld"qU', broader and darkOZ' 'th8ft the 

other cells. euZ"'lGC! or aomet1.me8 aua191ft, .,1ce1 

cell:; sub-hyal1lle, 1:'O\1Dd..,. baHl cell tNb-hye1J.ae. 
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eome whe_ OIJ .... ~. bau a ea_ ih41caUng pola. 

of at~nt. to 1dle oon1d10ph0n. t1 - JO ]' long. 

10 tao 11 " ww.. 
(,,11) lit., ..... lU9_ Sheldoa 

ADD- J!Ia. Hebnska GrgI'io. £XP. ;;ju. '"~ 2,.,1. 
1.04. 

saecardo. p.A.. 1913. 11». 'IllS- a. 1.81. 

Ml'cel1\D hyal.1Ae, septa", brancMd. Con1cUal 

mas.sa 'Jpical.ly fo&'ll8d .tra epol'04oob1a. .:'-'1ioI:o-

conidia prOduced ia .i.e, Uftbranched chaine aftd 

remalnilaq j01l1oc!, or fol'lD8d 1ft false heeds, leU&' 

appearing acat.t.end 0".. tile yellowish to ro.,.. 

vbi tit aerial myceU-. hyaliM., Single celled, 

fua1fom or eg9-S~ S to 8 JC 2 to 3".. 

MaoZ'OCOD1d1a deUca., 801M what falcate OJ: .v81gbt.. 

tapering towards either aDd. fSOmet.1me. sligh~y 

hookc'd nt tho ends. aoat:tonld or gJ:'Oupod in 

aporo<1ochla. brigbt. aoknand 1ft maae. beI.rlg piDk 

to brown. 3 to 5 ""-te. CO to eo • 2.5 to • ,.. 

Cbl..,.dooporea &b ..... 

(nU) 6J» ... e'sa'R ~ 
saooarcSo. p.~ .... III!? 'm- Z. 21a. 

11yeeli\D ~ 8Oa. ia1tJ.ally ttbi1:e 

(:ottony grot,;~ );)r8l'lOba4 without oept&. $-* 



OntlJ)iDg, nftI9_ to ~ aulMvat.e 1ft the fOal 

of a.rechaoid ~ 8t:1Oog1y raiaed and tU8unt 

from the subnnWt and japlantec! a. eaoh node ." 

6~ 

means of l'b1ao1da. 'fhe iD~ of'*' atttaJ.lted 

• len~Jtth of I to J _ and the brPhae more or 1_ 

branched.. SpoZ'anglopbor:u r:anly 81ftgle, \lft1teO 

in groUps 3 to 5. 0.5 to • DII 1D h~"'!ight • 24 .. 

• 2 J1 in cliemetel". Apophy.- bsoad and 

tv-eClge shoped. Sponnola ~1'J..c:. 100 to JIO ".. 

Col\a8l1ae broad. halt apherio. tSepre • ...a. an 

average of 70 1* in 41ameter aDd 90 11 1ft height:. 

Sporea 1UlGqUal, irngulu ~ or OYu. aDgt.tlu, 

.tria.... , to 12,. lOIIg • 7.5 to e ,.. in cUaaet:u 

of grey.bl_. ~ not obael"Wll4. 

,. Statue of 1ftfecUoD of 4lfferent miCJ:'Oflo .. 

In orde.r.' to __ the influence of h\Did1t.y 

on tho 9~4th Of mic~.l'gf&n1sms, bl~:c:lc pepper 

samplo8 of PaM.t~l variety coUec~ f~ 

Pepper «e8Mrc:h Scheme, Ve11anikltara WC'e 1D1Nba .... 

for period. of 15 en4 JO day •• ft.er 1DocW.aUng w1_ 

different fungi and baoteri... lbe m1c~ 

ueed for iaoculatlOD isolated fzom cUff .... t gn.de8 

of pepper collected. f.lOl8 Cocb.1D .-pon mar.... __ 



Table .. status of iDfect:.lOll of dUfennt mlcI:oflora at 41ff __ t re1aU. ... 

JaalcU.t.y levela (Period of f.ncdNl~ IS and 3D 4ap) • 

•••••••• ••••••••• .................. -...... . 
1>ed.04 ~ Re1.atlva Judalqr (peI:~) 
JacabaUoon II • • • F f 1M J I 1 •• IT. R.a • • • L •• I. • 

(d8J'e) 56.8 .......................•.............. -.... 
-
_ ••• dq I • 

••• • 

cu. .. 

11 • o 
o 

o 
o • 1 

r L "r .... F .... It f. •• n ••• _.. t b •••• _. 

15 
30 

• ill I ••• 

II III I 

E d 

••••••• 

IS 
30 

••• 
sa • J J 

11 • 

I q fl 

1 •• 

•• •• a • 
15 
30 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

d • 

o 
o 

o 
o 

o .. 
• TU. II 

• .. 
I I F." I. 

I .. I 

• 

o 
o 

o 
o 
o 
o 

o 
f ...... 
o 
o 

.11 11 

o 
f 

t 
I 

.. 
a 

" . 
• I 

• • 

I 
2 

._ 1 ••• 11 •• fP .. 
I 

1 
2 

••• 

J 
I 

a 
I 

I 
I 

f • J.U T. .. 
I 

I a 

• 

J 
J 

, 
J 

, 
I 

.. 
2 

J 
J 

I 
I 

I 
I 

u .... 

J 
I 

I 
J 

1 q • 

I 
I 

• til JI 

. ... • t 

I 
J 

I II 

U Fl •••• 11 f _.r .. 1 • ...... 
1 1 
1 J 

• I - J ____ in 1 

1 2 
J 2 

2 S 
J I 

J •• J tJ a •• j 1" 11 ._ 

, J 
J 3 

J 
J 

I 
J 

-
._ ,... ,. F. • 8.1. • I _lUdU LM • • IT ____ ._... .... ., 11_ * .'1111 J •• , ••••••• IF ,., •• r A WI r , •• 

.~_.~:q:.=J=I&:pl:~:,I~~~I:p~._I_._,_,_p~~:!: ____ . __ .u_~:~ __ .~;:,_' .. "_n_t_~g~ __ ~::l~. __ .n~!: ____ .~!:. ___ ~.= •• _~ 
2 
I 

•• Sf .... 
nigricans 

15 0 
30 0 

_wa _._ •• _ ••• "1'1 Td I au 4... • r 1 

II • 

• 0 

o 0 
o • 

• 0 
o • 

o 
o 
o 
o 

1 
1 _ ... 
1 
I 

J J , 
J I 3 

• •• I I I' •• L _ b II 

12 2 
I J • 

J 
J 

I • T 

I 
I 

••••••••••••••••••••••••••••••••••••••••••• -- 2 
3 

- MIMH._ 9Z'OWtll 
- PmfW!U!lld gro'Wi:h 



a ..... ·II ....... _HAl •• At ... , ••• 

.. .... ' ••• 9'I:D1eIM '.a .... '.1&11. 
s'SrI , .......... 1',.., 8 •••• , •• _ 

The gl'OWtb of the adcIowoJl98ftlau ..... 

Van.WI 10¥e18 of h .... d1q. •• 'I ad 10 __ of 

~atJ.cm v .. ob~ aDd gr ...... ......ur.I .. 

Chapi:lU' lIZ. 

.... the Table .. 1~ ... be ............ 

there wee no 9'1'Ctlth for the _0c0.0&'9W_ .... 

two ~ttoa pvioda Yi... 'S .,. ........ 

a:t J.oweI' 1 ... 1. of InaWtr ( .... to'''' pee ..,. 

except'" the ..... , aU ... 1 .. ., t ...... .. 

£WS&&J". Ii.,., *1oh ............... .. 

at. 'I.' pel' oea~ nlaU". hWtM1"F ..,... as .... 
of J.aoubaUon. Jfo:waftI'. the .................... .. 

all ~~ata1_ ........ oouid • ..,,. ....... . 

... 1 pel' _~ ~_ ,..., ..... 

A* saturat:e4 ta.lcUtr 1-.18 C .... tit .... 

ceat). 9rc~ .f z,. .•• ",,,. eat ..... a. 
(pam ... ) were medl_ vb .... ...,.... ..... _ 

noticed fo~ ell .~ .........., ........... Sf .. 

of iaOUbaUon. au ....... ' •• liII .... , .... .. 
,...,.. , ..... ..,... aU ............... .. 



Table 9. Det.eriorati.Oft of tbe qoal.I.tw 1ft u.r:ms of oleoreeln com:em: of black pappear a
te the _tack of dU£enD~ rd.cco-organiams at ClUfenDt hUAldttJ> It!f1'e18 aftec 
15 and 30 days of iDeubaUall (OD IIOlsture free baals) • ........ ---.- .................•.........•.... 

hri.od of Rel.aUve tn.ldlt.J' (1ft ~) 
~~_ !M'IIIaa,'t.lon •• • F. 81 T .1. F •••• I. n.. 1 b • tv •• 

(&.IFs) ... 66.8 ftd 82.9 -'1 92.9 96.1 ... toO ........ -..............•...•.•..........• __ .. 
AeeeJ.llR Pl. IS 9.28 9.0 "5' .. ,. "42 ' •• 2 ~.. .... &.. 

30 9.68 9.23 ' •• 2 6e.fO S.54 5.49 s.n t._ t._ .'1. la. n _ • 1 _IT.' ._ F , .1'. 1 • L , T • 1 d '1 I Fl. , L I d 

b _ 

• • ••• 

15 
30 

• I _.an 
15 
3D 

F I • 
9.1' 
a.U 

, ... .. Cd. I .i II 

8.0' 
S.2S 

• IT • 

.,.." ..... 

.... -.11 • __ r __ MJI __ "_" __ ._ .. M ____ .~. __ ~ ___ L_I_. __ ..... _n __ .... n._. __________ .... n_._ ....... ______ ~A_. ___ ._. __ ~~_. __ . __ ~. _____ ~ __ ._L_L_n •• _. __ l1 __ ~ __ .. ·I_._._.I_. __ 

tamUl_ DII','ell • _ •••• a.l, 
11 • 

F In. I. _ I 

......... __ ..• .•. . ..• _a. a.... FIT 

15 
30 

• 

9._2 
1.98 

• • 

1. bIT. I 

'.53 9.27 
9.2& 9.01 

• ••• II 1 r 

9.51 9.0a 
"3'7 ,. .. 

• 1 I •• , ••• • a 1 ••• I ., •• nu n L. F I Jib n •• lu. lllJ.1 • ,. 

• lP , I .............. Mt. • 

••••••••• hi jill 

15 
)0 

15 
30 .. . ... , 
15 
JO 

10.21 
10.02 
u. , t 

-.-.. 
10.02 
10.08 

• H.d _ .. J .... 0 •••• 

10.02 
10.21 

JU • • I n. . -- -
• •• • • •• 

... 
8.27 

••• r 

Tid • d 

••• 

•• 

..... 
4.81 

I. • ••• f. •• E d d 

• d •• 

,,'2 
&.03 

I • 

e.6. 
"91 

1 

I. • 

.1 ... 
4.79 

.1 II 

"33 
1J.M 

, . 
, .. 

••••••••••••••••••••••••••••••••••••••••••••• 
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A- "'_"1. I IIIIIM '.nM. ,"'16'1'. 
s'''w. D .... 1.111&', •• , .,_ ... a_ 

l'be gJ:OWth o. the ~rvan1-e wade.I' 

van.oU8 1 ... 18 of ..... CUt.y •• 11 aDd 10 clap .. 

:lrMnIbatJoll VU ~ and graded ....... ilMMlia 

ChaptM' lIS. 

F:I'aI t!te 2ab1. .. it OeD 1M obselftd _a_ 

there wee .., gftJwtb for tho miol'O-oqan1_ at ... 

t.wo ~t.'" ped.oda Yi... II _. and .. __ 

at. lower ltmt1_ of .... 41..,. (16.8 to 'I •• pel' ... l. 

except h tIM __ .f aU apecle8 Of AlMlJd.a.&at .. 

£114""'. AUIS·nr 7 r l1b1ch IIhowed spar .. powtb •• 'I.' pe~ oat eelaU_ hwH1.,. at ... II clap 

of J.acubaUoa. ........ tne gI'OWtIb bebeY10v of 

all ~ ftd.ed couUenbly en. 82.' _ 

".1 pc .... nlatift ~4i __ • 

A~ .at.vatect ..... Iell_ len1e (.8.5 .. , • .,. 

cat). gnnh of". _tl'ft •• alk1 ~_ 

(gnm ... ) wera medium wh ..... pCOfu8ed Onwth ".. 

noticed for ell odler ldao.ocgu.lema .,... 11 __ 

of 1acu.bnUoD. aato ... t.M ......... _ pedo4 .... 

10lI0- ...... clap. aU ~ ..... 
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'. DeMl'ioraU. .... que11t.y of .,leek papper aa 

lDflUGllce4 bJ' a..sdttr, periotl of 1ncubaUoa ... 

qpeof_~_ 

1'be AM ta ~ ia Tabl.. , to 1. .leul,. 

ehow thc.t. the qulJ.t.¥ of stored black pepper wu 

deter10rabd due to the influence of relaUve 

humldlt.y. period of inoubat1on and the t.ype of 

mloro-oqanl_ WMICl 101" 1aoculatJ.on. 

'lhe ol ...... ta OOftt.ent of eto.nd black peppc ".. 

found deonaa1ng _~ t:o the ahaag_ 18 

level. of bunlidt.tw , .... par cent: to 100 per aent.). 

when inoculated with dlffennt. mic:zoo-orgaai_ 

('l'eble '). ibe nftgU wer:e 9.28 to e.2t pea' 

c_t (f'IRIDj&11I "s), 9.89 to 6.31 pc oem:. 
'A- SIIM'&dlll ••• M .. &." pU cent 'A,. R'4l&lyeJ. 

lO.02 to 7.09 pel: .. _ ' .. IMIlSIPlat), 9.87 to 7_'1 

per CGftt <QI£DlKU l\8t.). 10.0. WJ e. 36 pel' ~ 

<£IP&AA&_ giNUs), IO.N ., 8.33 pu oen. 
<1s"G •• ntl'Ca"", 10.21 to "'2 per ceat. 

<Wamu also, .. > and 9.92 .. 8.4' pel: -

(GI!WIl ... beC'ter1a) at... l5 days of .tncubaUoa. 

aut. when 1:1\0 semple. wer. 1ncubat.ed for 30 ._. the 



.,..,1. 10. "~P between relative haa1dity and oleor •• ta cont-., of stona 
blec:k peppel: iDocu1aaKl vitti cJ1fferent m1cJ:o-organl8m8 • 

.........•.............•.•................. -... 
P.-ioclof ~ 

•• • L 1. lB. ... • • • •• J ••• t , fl •••••• d ..... , •• I 8 _ I.IT II U _... • •• • • •• 1 • 

154.1'8 .4.,. • 
_I _1 __ ........... _ ... ~ .... I_1 .. I .. ' ' .. '_'_1 .. ' .......... __ .... 11 ..... 1 •• .., • I I. , II 11 

Reor.at.oa 
~OII 
(Y. A + BIll 

~lat1oD Beg~1ora 
.....nlcd..n ~ 

,.). (X.A + ~ 

• l • 

.'. 
...... -.....•.........•.....•.........••......• 
a.1DA1,- .", ... 
.'7MIIYI.IIM_ 
aM ""'II. 
9Ii!JIltdI 1.,.. 
PMAsw.& .... _ 
,..,. ... I&Ceee 

ItI1atRM .' .... 
~lat __ .... ) 

....... 
-0.8517 .. ..,. 
-o.87'J 
-0._3 

-0 .... 2 

-0.9425 

-0.9785 

-0.93&8 

Y • IA.X .... ., • .,. 

1'. 1 ....... uO.D7JIa 

........ 171 ....... 

y.u., ........... 
"'-12..2,...0 ... 
Y. 12._. 0.040,. 

Y. 12.5525-0.0 ... 

Y. 12..,......0400. 

Y • 

-0 ...... SO .... ftW.l241X ......,. .......... 11 ... 

.... a. • • tt.nn.o.SSlJII ....... Y.l ...... tWaa 

-0 •. ". Y ..... ,...., .. aa 
-0.9687 Y. 16.Hac.o.l~ 

..... 573 Y - lJ.IIU •• O.OM2x 

-O.86SJ .,.ts.auw .... 
-0.8501 'I' • l'.crM8-0.0'" ............................................... 

I 

I 



raIJ9- weI"e t.A .. 4.st pal: c~ <At aaev>. 
9.21 ., 4.4a pel' oeat <6- 9"."." t •• to 4.1. 

par cent. (6,. .eIl8). ..43 to 1.01 pcaS' c.e. 

'A- DUWM,), 10.18 - 5.43 po&' oet. ts.. 'nll"l, 

-.- to ,.ft ~ Geftt <I. as£iae). 9.98 .. 

'.36 pel' aet. (J,. W'l"iIMI), 10,oa· 1:0 "18 pel' 

cot (j1. a&9I&eIM) and 1O.1e to 7.04 pee oaI_ 
(gram -ve bacterium). 

'1'be oo-offloients of cornlat,1on bebIeea 

hUllidl ty and oleone1n conteDt. for 15 days and 

30 deyo of s,ftCUbaUon wen -0 ..... etld -0."79 

(!» 8&_>, 0,855' aDd -0.,.7. (it.- sop41dpt), 

".8'. and .... t521 (A- .M .. ), -0 •• ,33 and 

-0 •• 546 (a. JlDAlRW1 .... ~ and -0.8110 <. , .. SI), -o.'M2 end .0 • ..., (,t. ~). 

.0 ••• 25 and -0.81'3 (E,. _&II&2RM1l. -0 •• 781 

and -0.865"1 'J1. NnWiM) and ..... 9348 and .... 101 

(qZSl -va bacur.s.WD> reapeoU .. ly. All theM 

values \)ora el':JnlfJ.cant. at. ene per ceot. 1..-.1 

(1-"'able 10). 

'rlle reg"' •• !on equaUons indicated t:bat a 

unit inerea .. 1ft the nlaU". humidl1:y pc ~ 

reeul t.Gd 1n tho z-oduct.1oD of oleonelft ccmtent. by I 

0.0' and 0.13 per cent (~ D&glE>. 0.07 and •• 11 I 
por cent. <A- _ •• ), .... and 0.13 per __ 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



~ &&9'1&_), 0.01 aD4 0.11 pU cent (A- IIIII.'I£>. 
0.04 and 0." per cent (. 'ImaM), 0.04 and 0.13 

per cant. {f.. ;l1i£&mIll f 0.04 and 0.05 par cent 

(I,. aPUJ.i;&;2mu), 0.4 .md 0.08 per cent. 

(£l" g"I£"'ura) and 0.03 and 0.0, pt)r cent (gre ... 

becterlum) ufter 15 days and 30 days of 1ncubat.lon 

respoct.1vely. Ho\'1ever. it \11&8 found tha. in 

all cases, the effect of ht.In1(1i ty vas conspiCNOWt 

at. lontJer :'or1048 of incubation. 

'7.2 Piperine 

The plp~rlne content 1ft sbored black p~ 

inoculated with cU.ffennt mlczo-organ1ans waa 

found to be lower1Dg corresponc11ng to the iDCC'e8" 

1n 10'9'010 of h\D1d1ty (56.8 pO&" cent. to 100 PM" 

cent) (':reblo 11). The t:'aIlgea were 4.91 _ 2.01 

per cent (A- NiK). 4.91 to 2.16 per C8Ilt. (6. 811d'S1P§~ 

4.98 to 2.28 pe.r c .. <6. ,&41IAOI'. 4.9 ... a... j 

per: cent. <A,. DEI'"IRE), 4.98 to 2.33 pel" __ 

<&. g&1iE&D'R), I.oe to 3.41 por cent <w &''''. 
4.98 to 3.14 pel' oeart "- 'D9D'I'Cta,..l, "02 

~ 3.t4 f}aJ:' oent. ca. A&",!&IQI) and 5.02 to 4.11 

per cent (or-'" ba.cter:lum) a£t.4u: 15 days of 

iftCUbat.1oD. But. when 'the semplos wen iDcNbate4 for j 
j 

30 days, the rang ........ 4.98 to 0.10 per .... <At ~ 

j 
j 

j 

j 

j 

j 

j 
j 

j 

j 

j 

j 

j 
j 

j 
j 
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j 
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j 
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j 

j 
j 

j 

j 
j 

j 
j 

j 

j 

j 
j 



Det:erSoraUoD of t;be quellty ... t.er.ns of plpulDe content. ~ black pappa' ... 

to the a~tack of dlff ...... t IId.cJ:'o-orgen1S1'111 .. dlfferent hulddlt.y lewt1. at ... 
15 and 3C days of lracubaUon (Oft moisbJrG free bub) • 

•••••• a ••••• ... -...... . . ...................•• -
Pedo&I o. 
~UoIa .1, •• , ••• 

..leU .. hwd41t1' (in penNlfttage) 
•• , ••• n E J M 7 ••• L ' •••• 1 • 18 F Fl •• 

,..,..) -.. ea.a , .. - ea., ... ' H.9 "-I "'5 toO ............................••..............• -
........ UP F'B t.8 I 

FF II ..... an I 

_ .. 
r 11 till." •• 

15 
30 

4._ 
4." 

•• DITII .,F1 ••• 1.11 F b '.ff.1 

.1 b • L b 

I 1. _ ••• 

IS 
30 

.M. II , P 

15 
30 

lJ 
30 

1 I 

.... ..• ., F1 .... 
4.81 

II IT. • •• T 1B ••• .... 
4.87 

In., "11"1'.'1111 

4.M 
2dJ 

t.87 
1..1 
11 

4.B 
I.. 

• 11 ..... 

••••• 1 In 

3.50 1..' 
J L I. 11. , • J I 

••• 1.10 
II I II .,.a, 

2.. 
0.83 

•• •••• 

'I II 

I.sa .. ., 
, •• I 

2." 2.01 
0.15 0.10 

• III ... 

I II II I II • ....... ....... 
.1' 14111 ,I ••• 

••• FA 111._ F ••• I •• m d • .. II a , ..• d...... •. t F.... I • • II PI I ., I I • • • .IT II. 

.... m_. r .••..... • • 

_. ___ .F. IF ••• ,. I F I • 

•• , __ I 
1 11.. It u 1 .. 

__ v £ _um • F. b ••• II 

II 
30 

I I J 

15 • dT •• $' 

15 
30 

t. " b 

15 
30 

.... .... 
• I • 

"'2 4.81 

.1 tl •••• IUI'1 

FT ••• '._.,. I 

4.98 
""2 It. ., J 

5.02 
4 ••• 

S.02 
4.96 

... 8'7 
•• at 

a.. ., 

. " 

5.02 
4 ... 

4.9. 
4.92 

1.5' 
s.-m. F 

11 

" .. , 

•• I 11.11._. at 

•••• F •• 

I._ 
2.43 
1 f J. 

t I. [ su n 

nJ II .S. 

4.11 
J.. 

,." •• 11 F. Bpll I ••• 

4 ... .. ., 4.81 , ... •• 28 
4.1t 

l' ••• B. 
3.52 Jet' 
1.14 Loa 
I ...... It. 

&'1 J • 1. 

1 J' • ,. I • 

.f.t? ."1 
4.01 I." .....•.....................•............ -..... . 



'l'able 12. Relaid.onship beble(~n relative maidlty and piperine content o~ atohd 
black p('~pper 1Doculated with different: mlcco-organi .... .... -.~ ... -... --- ..... -...... -- .. -.....•.•. -

Period of 1acubadOil 
.,., a •••• *.,q_ ....... " ••.• _ .13.111 I •• 

15 t1 a "I • 304aye .... __ ...... __ ....... _____ .. 1 ....... __ ... '._11_ II •• j • __ , • 'R... _. 
CorrelaU_ 
co-eff.lc1~ 

b:)* 

Ln •• 

-
••................... -- .................... -
Alpe5gUI. Nar -o.,tOl. 9.136s.o.867OK -0._ • It .... "Ulla 

AlpMqJllH &lP"I_ 
AIpIIglllpf eMl'w 
AlRmd.!l" 

"""'. s"'fea 
eN .. 
Becterla (qr .. -ve) 

..... 9227 

-0.8110 

-0.8609 

-o.85lO 

-<'.8520 

-0.8390 

-0.8$» 

-0.8817 

.. 9.246 .... 061911 

Y. &.1287-0.056Sx 

• 8.3025-0.050,. 

..... 11-0.05 .. 

Ye·~.'2PO-O.037Bx 

.. ?42t3-0.0J58x 

.... 8341-0.0 ... 

-0._1 ... •• JIII.e.OM .. 

-o.M91 .. 10._2.0.0 ... 

-o.M,. .. 9.'1 .... ..,U. 
-0.9176 .. 9 .... t.-O.O,.. 

-0.9.21 Y • 9 .... 1"7-0.0. .. 

-0.'426 .. 9.2011 d'.OM.,. 
-0 •• 33 • ,.S1frI-O.o..-
-0.8890 .. ".11-O.0U9x 



•• ta to 0.18 pea' cant: <6- £1M ... ). 4.92 to 1.0S 

per aent. (!. ~). 4.81 to 1.24 pe&' c.-

74 

(6.- XVI""')' 4.86 w 1.32 pel' oent (l,. til, ..... ). 
4.16 to 2.08 per cent. (i- .ua>, 4.92 1:0 2.16 pel' 

c_~ (l,. f81U."0atl), S." to 3.25 pes' cent 

(!e a4g,'''') and 4.'. to 3.ge pel' oent (91*1 -

bacterium) • 

1'he oo-eff1c1enta of cornlaUon bet.v-.n h\B1tU.ty 

and plperifte content for 15 days and 30 days of 

lncr..lba1.d.on wen -o.HOl end -o.t811 "'" pig.). 

-0 •• 221 and -0.9801 '6- s:ep4iSM), -o.B790 end 

-0.9491 t6- e'4ultM), -o.H09 and -0.94 .. 'A-~'), 

-0.8530 and -0.0'76 (F. 01 tJ:'imn), -0.8530 and 

-0.93" (.foe Aite .... ), -0.0520 and -0.9421 

(£- bMSI), -a.altO and -o.942tS (I,. _""PIIIII), 
.0.8529 and -0.8833 (J!. ""'£isIDl' an~ -0.9811 

and -0.8890 (9'-' -va );).:lof;er:'ium) respectiftly, all 

belap significant at one per cent laval (r.ble 12). 

i'rom the regression equaUoD., 1 t could »e _ 

that a uzUt 1ncreue in the nlaUve hWDldlt.y 

(per cent) c8Uaed a J:'~ of piperine conteDi: .. 

0.07 and 0.11 per cent tA- NaK). 0.06 and 0." 

per cent tA- 5ilRJUcQII). 0." 8ftd. 0.09 ~,;;eJ:' cent 

(Ae a&dM11M). 0.05 aa4 0.0' pel:' cent 'A- xtJIAM1g). 



0.01 aa4 0.08 per cent C6 .",..). 0.01 and 0.07 

per ".. (,g. IupAta>, 0.04 end 0.0' l!'eX' CGftt. 

(~ 1IR'1'f9llll)~ 0.03 and 0.04 per cent 

'a,. I&8Ei11ue) and 0.02 and 0.03 per cent (~ ... 

bacteriwn> efbtt 11 days and JO clays of izlaVba-.!on. 

How __ • the results ahown t:bat 1n all ouos the 

.ffect of "\'IUd! ty va. hlfJw,::l" at: 10ll?K .i~\fJr.tods 0' 

'.' stetcb 

In tho sample. of stoJ:'ed black poppe&" .taocN1 .... 

with different m1~rgan1.UI, the atlU:dl COftt:eft. 

was found to be n4\1ctDg with the laea:.eH .t.a left1. 

of buIr&1dity (Sf.8 per: Gene to 100 per cent.) 

(T.eble 13). The r$ft9" were ,a.1' to 21.8 per oen~ 

(6- I&G.V). 3'.18 to 23.13 per cent 'A- ... &.,'. 
M. tt to 23.21 per c_~ (6,. D&U11Dl>, 34.00 to 

24.31 per oe~ (A,. XwASIl19;', 33.92 to 24." 

per eertt (~ UMHgt). ".01 tD 26.4' pe,. '*'1t I 

'w. , •• a). 33.25 t:o 26." p$r cent cz.. 5p2'1& ... '. I 
32.11 t:o 29.13 PC'- cent <I- "'aWN} uf.. 32.82 

to 30.92 per cent (9 ........ becurl.. at~ 15 

day. of 1ncubat1oa. When the J.ncubGUoo pc10d wu 

30 days, the rang.. of .tanh eonttmt:. WItl"e '2.2" tAt 

17.6 pe&" aeat <a. It.). 32 ... to 18.23 ~ ceDt I 

I 



JleM:d.OftUoa of tila qaall_ 1D ~ of ~ CGDtent of blac1t peppec ... 
~ tile attack of d1f~eJ:'a'l~ mic.co-orgenlaas at d1f~C'ent bumld1ty leftla 
afUE' 15 IIrIIdJO dayn of ~t:.1on (OIl A'IOi»tuna ina baaS.) • 

•••••••••••• - •• - •• -- •••••••• = ••••••••••••• - •• -
Period of ~18U ... taaJ41_ (bI r .... an1:a.g.l 

~I!"g'.nlaala .l8ctIJI)aUortilit • • ••• ,. I 1 .,' I •• !"_ , ._....... F ... Ie... .1" s" 

(daJ'a) 56.8 .... ftd 82.9 -.5 ,'-. 96.1 -'5 100 ........................................... ft._ 
!:J!BUstl&»! !dsmI: 11 32.1Ai .. 2.. 32.82 28.11 a.., 27.72 28.n 23.H 21.81 

30 32.27 :$.84 39. ,. 2S.ao 25.35 23. 21 21." 19.02;:1'." ___ .. IF ___ • . ... 
_. __ ..... ' • I _._ 

F. 

, , I.. I r 
15 
30 

F •• 'II 

11 
JO 

.. , 1 F , • •••• b I ..... _ ....... 11 ............. I I I I J_ II I. _ ••• " ........ ___ 'I 
ll.J8 :l,.CS 32.62 
S2.18 )2.02 21.19 

d .,* llP"_.' •• _b ... 

"18 2t .. ,. 2S.P 
21..10 19.76 1"21 

r • • I I II •••• 1 11 I *.,.a •• fl' • .. •• ' L ••• _ • 

'2.58 30.38 27.07 25.'3 24.07 2'.17 
".3 ".,2 24.85 24.00 21.53 19.1t ... _ •. i.-. , ......... •• I PI ..... 1 Ill' 'II e._ •• •• "I I ~r 1 It t , • r * J g •• I • U b , I. • .• t •• , •• J _ ....... : a $ f/I • 

___ .. _ II'". If 
l I , n • d d J I' .11101 •••• 11 •• , U ••••• I.n.dIU •• d .1) un 'n'8 •• 'v" • b Ph I •• 

15 • _I'" •• ·.n •.•..• _ 1M I IF 81 dl.WIU •• • 30 
_ 1, I I I P n r ...... • d'. I • b Fa 1 I 

• •• ' •••• _11 

15 
30 

•••••• 

33.25 
32.46 

• __ UI , •• 

33 ••• 
31.67 

29.H 
28.'73 

• n •• " •• II' F ...... P. SF •• PI'81 P ., I • r _ I' a_a ••• Ai a _ •• 1 •• 

nf •• A 

31.12 
29.04 

WE • 1111 •• 3 n Mr. , TId ... a.f ••• fli II 1 • J Jt J • Q 

II , . ., .... J. I. Fe • I t aT 1 

•• 1F • d JIM._'. I I " 

15 
30 

I L If._ III n Iii •• .8 I • 

32.52 -.4. 
•• 1 PI 

31.98 31.51 3D.66 29.6' 19.11 
30.02 29.14 29.04 "'2 28.53 

II It 1 •••• ' __ ••• • t. ill dl .u • , a.IP • ,t j 

IS • •••••••••• * •••••••••••••••••••••••••••••••••• -
I 



Relat.loa8hip bet:ve. niadYe balaid1ty and. trtaI:'Ch COGteDt of nore4 
black peppe.I" 1Doculated w1t:b dJ,£f'ennt mS. ...... rganl ... 

•••••••••••••••••••••••••••••••••••••••••••••• 
Period of iDc:ubatloD - • I 11 I I •• • • J I It F. ..= E. i b • Me •• •• 

ISd_F- JO.81'8 
_._1 _______ •• , _.1.' ______ 111_ I • , I II • 

b I. .. " , 
Regnu.I.oa 
eqaat.loD 
('I' • A + .lid 

CoU'elat:ioll 
aD effld._t 

Cao)· 
"p""doD ...... 
(1" • A • BIt) 

•••••••••••••••••••••••••••••••••••••••••••••• 
AtrmJ'llM R'9M' -0.8828 Y • .7.lJSt-O.22MJI -0.9531 Y • 5t. ••• ".!IOa 
'Ct'M&". 91."" -0.1810 y .... '12a.o.2»", ...... 3 Y • SLane "'1" 

t= .. I. 
'72'''11'11 IItI1 ... 

btp1.-.'U'Pm 
8bt .. ~ 
BaGUria , __ -vel 

-o.toB ...... ......... -G._ 
-0.8585 

-0.8131 

-o.1M6 

Y .... ,. ........ 

1.'.11.00 ....... 

'1' ....... 8.227k 

Y •• 3.JUa.o.1ITJs 

Y •• 1. • .,....,16d11 

Y • 37.eao7-0.07U. 

Y • 31.4150-0.0,.... 

.. ... '1 y ...... ~ ... I'J .. ...... Y •• 7.JUW.K ... 

.... 8811 Y •• 7. __ .233111 

-0.982 'I' •• a.120 .... 175111 

-0 •• 2. '1' ......... 21.111 

-0.9640 l' • "180. O.One. 

-0."'70 Y ..... 28IOsO.ttJ1x 

•••••••••••••••••••••••••••••••••••••••••••••• 
• All .. ftluee ant aigD1f1caot a .. one per ceDt 1..-.1" ...,,~ ~ of 

Baa~a (vnm - Ye) a£t:ez' 15 da7. of 1ncabaU-. 



(Ao- pad14pI), 32.48 .. 1 •• 11 pU' Get ta.. IIMP'W1• 

II. a. to 20 •• per 08ft<t (A. ""'81prl, 32.01 .. 

21." per cent (E.- ;'"a.). 3,.M to 25.C2 pc -

(s,. la.), 32 •• 1 to 24.45 pel" oent (I.e ..",,", •• ), 

31.68 to 2&.53 pc _eDt ca. 111' .... ) an4 31.1' .. 

38.51 per oant (gZ'aD .". bacUd.wa>. 

'.l'lho OD-cff101enu of =rnla_ioft be ...... 

httm1.dit:,! nne. st.u'eh conten~ for 15 days aa4 to __ 

of inc\lb:'lt1on t1Gre -o.se28 and -0.9531 C6- U-', 
.O.8etO wid -0.'39' '6,. iilDSJA_' • .0.10» and 

-o.!f4'2 <a,. 944».1111). -0., .. and .o.'1M 
(f:,. i·QiiWlQ&), -0..... GIld -0.8811 (I,. strl1M), 

.0.8886 an(! -0.9.2 's.. lHDIM" -0.8585 aa4 

.0.9236 (£. C'!O!dl&feaea), -0.8131 and -0., ... 0 

(!t r.JSr1c~ t-!l'K.'t -0., .. , and ..0.'470 «(J.C'Wa ..... 
becter1um) I'ettpect.l.ftlr'. All these Yaluee wen 

s!gnJ.flcar.'t et 0D8 pa ~t. lflV'flJl e.IICtIPt 1ft the cue 

of 9l"ftM -ve b~~_ f~ 15 days of 1aoubat1oft 

(Table 14). 

·the r~Jre88ion equatt.oas nv.alect that for each 

unit incl!'ease in the nlaU". hum1d1 ~ (pee' oeat). 

t!lC starch e,-.ntent vas ~ by 0.22 an4 0.11 

per cent <aft. AAsB) II 0.23 ..., 0.32 pee ... <A,.9'Dd".) I 



0.25 and 0.28 pc aen1\ (t.. 1WJaI.'I11. 0.21 .... 

cent each (It.- DP'm.E). 0.21 pU cent each 

<lit alV'AB'. 0.1' and 0.18 pes:' cent. CSt 1 __ ), 

0.1. and 0.21 pel: cent 'U _"'lUMfl. 0.07 

and 0.08 pel' cent (a.' Mgd_) and. 0.04 ... 0.11 

pel" oent (gnm -ve bactledwa) for 11 4aya anct • 

days of .f.IlCNbaUon. '11leee zeal u ilkU.caMd the, 

the .ff.~ of luddlty ... biqheJ: a, 1o~ pedode 

of 1ftCNbaUoa 1D all the ...... ap' the Hlltp1ea 

lllOCUlatGd vl1:h A- _"sltar and I.e Si'E'_ 
'.4 Moisture cont.ent of blaoJt peppel:' ., au,..... 

btai.dl t.y level. 

Ae .,1dent fJ:Oll Table 15 the 1II01sblre con1*lt. 

of stored bleck peppel:' varied eocor41Dg 1:0 _. 

change. 1ft b\n1cU.,. 1 ... 1_. \be molst\lc'e GOD'teJat, 

of block pepper. 1Doou1aUCl with 41ff .... , aden

organisms. W88 min __ a~ the lowu, lS'ftll of 

humidity (56.8 peZ' cent) and raexim\In at the hlgbeat. 

level of b_ldl~ (100 pel' cea~. It could a1_ 

be obaeJ:'9$d that tIM _'awn content 1Dcnue4 

whoD ~ ilacNbaUoo pedoc:t Of ime black plppu' J.Jton1ated 

wit.h m.lcro-orgu1_ ... pzoloD9e4. 



J't:)1st\U'e COftteftt (per cefti!.) of bl!lck pepper .~ 41ff ..... b1a1d1_ 
levels .af~ 15 en4 JO clays of 1Iac:*at.t.on. 

••••••••••• •••••••••••••••••••••••••••••••••••••• 
Pedo4 of AelaUft maSdlt.J' tiD pene1:age) 
~et:i.oJl • ,. d b ad. • I 1 • Fl.. ,. b II 

<dap) 56.&... ft.. 82.9 ea.. 92.9 Mel 98.5 toO 
a ••••••••••• . -••••••••••••••••••••••••••••••••••• 
AaDHP"'.llaK tS l1.a7 It.. 11.57 12.35 13.fiO 14.83 1.'" 11.2, 's.ao 

30 It.2? tl •• ' l1.eo 12.87 tC.3D J.S.13 ... , 1"50 22.81 
._ ••• _ I I •••• _ i ... I • I I .. •• • • ... I • I' • • 1.11" II • • •• • I • I I I • I • 

MrdR&Uv SIIIdHII 15 11.21 11.42 11.83 u.e2 11.51 H.M 14." It.90 ts..co 
30 11.1' 11." 11.a. IJ.53 u.'JO H •• u.W S".5O s.e.-

-- • III' •• _.11 •• I U •• 11 ••••• ••• • •• I • I II I - • I • •• II I • I I. • ..1' I •• 

AIRMR'&1M alii'. 15 11.1' 11.28 It.4' 12.- 13.22 lJ.84 14.3' ,.. .. lSd' 
JO 11.24 11.82 12.53 1 ... '70 ts.1O 1"27 ...., •• 3D _.J7 

• u ••••••• -- ,. • I I . ..... I •• 11 .. .. - I. • • 
taaallH DQ1gpIM 

15 11.08 11.46 12.82 1,.26 13._ U.13 1 .... 87 15.27 IS-57 
!O 11.07 11.. 11.93 13.10 St." 16..3 18.- 18."" 19.17 ... -••. 81 •• I II PI ,. J ••• In ... F I. I II • '.IE I •• • .M' • ••• I • I •• I H. ,. 11 U .. • ••• 

SM"'-y lmttA IS 11.1' 11"2 12.03 11.12 13." 14.82 14." 11.- .... -SO 11.31 11.23 It." 13.73 It.fI? 16.43 17.'3 1'", 19._ 
• I I • I ._. 

' .. - I • II ... •• III I •• I • • • .11 .1 

faV " "·_ 
tS 11.» 11.53 la.t8 12._ 14.02 14 •• 3 t4.B 1 ... 97 u.aa 
30 10." 11.1. 11.ao 13.93 11.02 11.60 17.12 17.N •• a 

•• • II •• II . .... -. I • • ... • II •• I •• • • •••• • ,. IU' ••• • • ••• 
1'wPtd • .,,'1',. 15 11.10 1t.'2 11.82 12..' 13.23 11.N 1 .... 15.43 11.52 • 11 •• 11.23 lLto I". 14.53 Is.eo , .. sa ,'7.0J 1"" 
...... In I I •• ••• • _1 

--
I ••• ._. 1 •••• 11' I .. -..... - II I II •• I' •••• • •••• 1 I ._.n • 

at ... .'msm 15 I1.M 11.53 11.71 12.N SA.2a 14.M U.02 Is-a H." • 11.32 11.98 12.01 12.'70 ts.91 17.43 19.53 H.SO 22.-
• •• ....... •••• I ... I_ I II •• 1 •••• 1111._._' • I •••• _. I.' II • I • 1' •• 1 • • I, ••• II •••••• I ••••• I • II II. I 

15 11.23 11.42 11.53 U.M 13..3 1.... 11.28 IS. 72 15.8' 
30 11.. 11.9'7 12.d 1".2 se.- 1'.27 18.08 u.so .. no:: ................. -- ..•.....•.•........ -.......•• ~ 





DlscvsalOll 

agrlCNltunl ocuaod.iU .. ere 'WI'Wlllly tn.lbjaot:.ed .. 

COM' .... l • ..,.,J.aoe ." aicm·flora which 1 .... 

to the 4eted.oraUoa of ... quality of the 

p1."'OdUcU. The ~- oftha quaUtr 

of ped.8beble ........ u.a u 'tWY quick wMa 

cOllpUell to 1:be •• n~8Mbl. on... Uau.al1y, 

the qual'..,. cIeta1onu._ of ~iahabl. 

~ due to the 1DftratJ,.oa .". ft'd.CU:O-Ol'fIUi" 

ia artrorage 1s a tUov pzoceaa. 'lb. black pappu, 

which 1. ..u.-pe.rUheb1e iD -t:un. 1. 81110 

eubjectecl to qua1.1tF det:eIioI:aUcm in --no-
due to t:be a~i:aolc of dU ... __ ..... ro_S •• 

and t:h1s aspect baa no~ __ at:.udied ill a.uu. 

eo far. .In the ."......t 1aWeaUgaUon ... 

81 

attempt. Itaa been .... 110 8t.\IdJ' the 81:Or891 mI..c.Ioflctn 

of black peppel' and __ nR1 taDt ~1ol:'.tion 

1ft qu4l1ty. 

It 1s a wl,1 ..... '8ed leeR the" the _'ewn 

content of aIlf' .....ut.y has gnat. influence oa 

the gJ'OWt.h of nd.aoflon. l •• ding to iU.,.U .... 

In th1!i Ittkudy. diff..- gn4ea of .to~ Itladk peppec 
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-.apl •• .... r. dc'awn duriag dlff __ t pe.r1oda of .... 

yeU. It J.a 80 6:> ... JMca\UIJe t:be e11metl.. feoton 

upeoiaU,. nlatift b\laid1t.r' IIQd ~at.un ... 

Karale an 'YU'y1ftq hom •• ftIIOft i:o ...... and .... 

iJIportaftt u far •• atonga of any <tr1ed prcd\lat 

18 aoft~ 

Amoft(J' the p4tJ:'1ode. Janwuy 18 COft8~ .. 

be 'the 0001 dJ:y period of the,..ar. A8 _14..

frum Table 1, the mala I_tune of t.h1s ped.oa 

are .art low rala.Uft IuIldity and conparat.f.ve1y 

lo\veJ:' temperatun dV1ag dar ea4 night. (.rl9. i). 

The results of _istu'e estdmaUon of diff __ t 

gra4es of stored blaak peppel" (Table 2) n9Mled 

thet the ftJOist.w;'. coa~ ranged fnm 10.71 pN" 

cent. (garbled peppea-) to 11.17 per cent. (Ught 

pepper) dur1ng tnl. ped.od (ncr. 2). But the 

samploa drawn during .11 be" 8howa alight 

decreaM in 1D01~_re COfttellt. unapeat1ve of 

the grades and the l:ang8 VU f&'Om 10.1' per cea' 

(gam1e4 p~r) to 10." per cent ('UDg'8.l:b1e4 

peppel'). abe obvlo\l8 nuon for thia ~ _!aWn 

cont.ent is that this period t.uate4 to be the bot.,*" 

part. of the year ~ 1:J'Mn va_ ... 1iot&~ 

.t.ndeue 1ft the "laU" b\ll1dlt.y. 'Dae dq aa4 



11 

9 

'7 

5 

1 !' 

, 

SCALE 

J..cm;:: 

No. of rO-\l'Iydoy.s - 2 days
Total I'oi.,fall - 100".,m 

Te.Wlpcz.rature (max) - -3 ec . 

To~~,atur~ (YTliYl) - 3 "c. 

Reiative Y\\.HYlidity (max)_ 10% 

Relativli!. humidity (mI\l'I) - 10.% 
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nl~ t.amper.wr. of Ap&-11 wu recorded 110 be tbe 

max1ll\lft enc1 oouequently the _1scve coateftt of tbe 

st.ored blade pappu we. also .nducec.ti. 

'the month of .n&ly is often ooinc1de8 with. the 

peak of SOuth Wut monsoon and reaul t1n9 in 

continuous down pour. Dur1ntJ the year: of Study 

alao, tho day and night tcIIperat.uru CerM down 8Il4 

the .t'.leU va humid! ty reached its nturaUon 

levels in July. t1hen COll\pd'ed to othea" periOda 

of the YQU. this period oould be 4ealgaatAki as tb4t 

cool moist. per1od_ and the _1sture status of idle 

s~re4 blaclc peppel' durlDg t:hJ.. pe&"iod I'anged f ... 

12.08 pel' cent (gu:bled. pepper) to 12.87 per cea_ 

(p1nhsad peppu). eri.denUy showing much 1DcnaM. 

The ma.x.f..IMa mois1W.l:e ooat:ent of the stored black 

pepper was obsU"Y84 durlag .:hi. period. 

During October. the ao%1:b east IlIODsooa la 

Nor:mally. CDftt1lwou l'UDfall 1$ DOt obta1Ded 

dur 109 this period. Dur.lng . 'the period of etudy 

a18O, t:be relative m.wty ehOwed a vidAl J:"ftftge. 

\,li th an increased ~WI:'. 4Urift9' day anc1 night 

1n (;c1:0001' and 1t wu oone1deZ'ed u tbe waIm _1a1: 

period of tho yeu. During this perJ.oa. ttt. 

moisture content of '-red black pepper raaqe4 
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fnat 11.1 pel' GeMs '9Uble4 pepper) 1» 12.21 

pel: Clftt. (-.,"1" peppe&") abow1ag a ____ __ 

compand to JulY. How8'V'8J:, this 1I018'tUA __ -.a 
vee h.lgbu thaa ~_ of cool dI:y pU1oc! (Jam.aazy) 

and warm dry per... (Apdl). 

hom thea ......... Uoea. it is 01 ..... 1,. 

understood that the _tRue ataaJa of nonCl ., 
black pepper va. vel1 1nflU11ftCtJft4 bJ' the ~ 

and the le..,.l of relaUve hIa1d1ty of the 

etmo~. 

A peJ:'\lHl of Taltl_ I,. aDd 5 rcweal tile 

fact: 1:h~t. tb(~re ..... aU9ht: decline 1ft the major: 

quality couUt.ueftta of bl&ek pepper vi .. , 

olftOceelc. piperi. eIld etanh# durlft9 41fleJ:eD. 

seasons studied. The posaible reaeo" that. oould 

be et:'tae!\ed 1:0 th1D flnd1Dq J.a the influence of 

fluetuat.!ftq mc1sture _ta1:.1l8 O!l f:bc chf81ca1 

const!lt.uente. 1ft all. the grades analysed, 

oleor .. 11l,t plper1ae aM sta.I"Ch cont9ftta .... 

fOUD~l to be the maa .. 4urinq 'the cool dey pedod. 

of t.he year (JaftWlCY). OYer and above t:he lOWU" 

moi!Jt.ure content that be1ped to keep up tbe 

quality consUtuenta • .ne fneh rAture of blaok 

pepper t:hu:1ag tile period 1Ilgh~ baft also ~1butad 



F"ig.2 - l"lEAN MOISTURE CONTENT (PERC.ENTAGE) OF DIFFERENT GRADES 
OF STORED BLACK PEPPER DURING DIFFERE}.tT SEASONS. 
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., such a J:' .. u1t. becaUL'le thU avricu1 t.ural pl'Od\ICe 

generally I!'eaCbe8 the I'I'lU'lcft 1a JUua&'J'I 

ef~er ita b~ and dqiag duriag Dee ..... 

J8D1UlQ'. 

1'be major quality oonatl. __ ta ..... fowad • 

be the mJ.nfauIa during tile __ 4I:y period (0cWbc'). 

i"r:om the Clata. it .... veq -.acb eYtderrt. .... ~ the 

leftgth of stiOrage p .. iOd -.led with the 

flucrtuaUou 1a mol..iNn _.1:.WI OOftUtbutelS to the 

~Oft in tho 1JIponan't GhtlD1ce1 ocmaU"_ 

of the etored black peppK. 

It. cur801T obeel"fttJ.oD of rebl ... end , .......,.. 

that the pouad MrIplee of all grades of black 

pepper in all seuoas yielded more m.1cZOb1a1 

growth when CIOI1lpa.nC1 to the whole Hmplea. 11l1. 

might be due to tI\e .lnaa"eaHd surface u .. of 

tho blade peppK wileD l~ .. gzoWl4. Tft18 

finding 1. in cortfo ..... _ wlt.b the earUeJ: WOXU 

of Moreno .Mu1:lDea Clt'70' l1li4 .Mut.1Dea .... 

Chrlstell_ (ma). 

'l1lere va_ muab 98.deUoD 1ft the poplalaUoa 

of stonge m.1csoflora in 41ff ..... ~ of bl8011 
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peppeI'. 1ft .. tI1ffennc:e edet\ll;! .fa the twpe of 

nUCI'OflOn yle16ecS &.adDg dltfenftt ........ Ja 

dlff .... t g&'tht •• of tdle ~ 111 ....... 

populaUoD WU -.ct.I'ftCI 1D Ugbt. peppel' both fo~ 

whol. and gnllD4 ... 1 .. ana. the mJnS_ ..,.. ill ... 

garbled pepper tor ~1. --.le and in t:he pi.abead 

peppe .... for qroUllC! ... s... The gUblad poppe..... l»dat 
more bold 11'1 sl_ end. IM'ft.ag 1es. _isun pes" 

cent. t1'h1c:b 18 pr:epan4 ., .... WUbinq U4 dq'1a9 

to r:GfIlCWG enemal. ..we. baa naturall,. yiel4e4 

less m1cI'ob1al ~ But 1ft p1nbeed ....... 

t.he s1_ 1s wry -.l1, the iItcmIue 1ft nt_ .... 

~h grinding .. 1 ..... than othe .... gndM and 

the ldcl'Obial gnvth 11M 1-. '" 1:bo gIG" .... I.e. 

The molst.ure COft~ of i:he atored _iao4&U .. 

haS another fIapo~ role of 1ldlueaelag t:he 

{iJ:'O~ of stonge &d.aI:oflore leading to the 

deterioration of the quality of the produce.. _I' 
each speclos of the stonge microflor.. • minl_ 

level of moieun con~ 1s nqulred below vhtoJa 

the ~rgan1_ ..... gI'OW an4 when .. 

8lO1Dture COIlteat i. h19b. ~ nt1ccobia! a"** 
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tho_ nMIlu also nvea1 that. then .......... 

fluct.uaUoa I.D the adcnblal popW.at.J.OIl 0VfII" 

d1ff ........... of .. yau. 11M IIl8JCiaa 

pop1Ilei:lon wu , .... du'iag t:be cool _'at. ,...... 

(July) wh1ch h84 me .... 'at.un coat.eat. end .. 

mJ.n.t.lNft populaUon dur ..... wum _ period (Apl:U) 

Which nacorde4 the _nl. ... _'st.un CODt.em.. 

The .. findings _ the flucwaUOD of tile populaUOll 

of storage m1cJ:Oflo .. a ill 41ff..-t ...... itlU 

conf11'lft the effen Of _,nun content. _ the onwth 

of mic:aotlora 1ft •• ncJ proc:l\'&cw. 1'be atudi.. bJ' 

Mor~. (1"0), l4U'UDea aad Chria .... 

(19'3) and Jose (trI8, __ lst.u.1:'8 00 .... of 

8to,*, black peppel' be .. also suppo.ned iIb18 

f1ndlftg_ SSld.la.- eff..,. .. .-apon.ed. 1ft .....-.1 

other agdCulturu p.I'Of.iuc::U b.r SunMI;b 8114 sa-
(1"1) and CN"u ....... aftC1 Mlnobe (1.,.). 

It. is a weU kDotID fact. that yuiOua mien

oroeni ... thri_ .. 11 1ft cUffe~ ~41_ 

levels. CUtaia __ l.q8D1ams. eepeaJ.aUy fuatj., 

can grow veU ill lewe&' btatdi ty level. aDC1 o1:hen 

In higher hlaid1t:J" 1........ This faft hU ..... 

8t.reued ill the et.ud188 of Ooeb (1'51). 

Hajllll4ar .. Me (D •• ) and Aiuwort.h aad 

sua_ (l,ea). Zrl the pna_t study 
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•• abown .In 'IDle .. .... ..,. low m.t.cUtr 

level. , ... 1Mtlaw " PO" ceat. flO fung\1II fI'O'wtb 
wee obis.,.,.. .... _ ill ...... of 6MlD'11a 

eW. Jtowe9W, •• ' .. ' pel' eeDt of relatd. .. 

h18ia.s."" theM "-' ehowe4 •• ane ~ aIl4 the 

Vnwth behn1.cnlr' of all otbea- orvenl.... vad4td 

cona1deftbly f_ aI., per cetlt. to ' .. 1 pc __ 

rel.tift h\BI.cU. __ • 8ildlu nnlta ... at_ 

reported b7 QQ8h (115t) aftar studying the 

m1cs:oflora in stored rice and Maj\lldu .IS.. (19.5) 

after a RUdy Oft et.on4 4Iy Ilgl'1aultul'al ~ 

It was alao found in the preaent. at.ud7 that. 

lMv&la pi"fa.. and bacteri_ (gr_ .vel 
required a1 __ t ...... bId maidlty level. for ~ 

bette.. grot"'" behaftov. 'lbe resul ta al_ 

indicated that. if the storage period ... proloftg_ 

under higher bta.ldl", levels. 'the gs-owth of the 

mlcn-orgenl._ beoae pm.... Hence. 1t. cou14 M 

concluded from the f1Dd.inga 1Shat. pr:oloftge4 nor_ 

coupled with high ~41qr played an .tIIIJOt:t:aM n1e 

for the gl.'OWth of ..... CVanJ.- ia noftMl black 

pepper and the fJadtDgtl of Qula ...... aftC1 MU'ocIba 

(19") suppon t:bI.s coaelue1oae 

In ...... 1 OClCUl0ft8, t:he 8i:Orage miczoflora 

have been reponed ., ce.u.ee coftslde1'abl. obaftgea I.e 
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tile stored egdcu1tw:'al prodUce y1a., ........ &II 

9~t.1oa peneatage, dlsoolovaUOft 01' .... 9. 

i:o the ..-,0-. whole lcenaa18 or a_a., van.ou 

b40che1ce1 dMDq" iDclUd1Dg ~ pJ:Od.uc:tJ.on ftc.. nau1 Un; .I.a dn8ttc ndUc'ti0ll lD qual.t..,. 

or complete apoi1age of the prodUce. 

In thin ftlId.r aleo, the etorage mic_*lera wen 

found to be reapOftSAle for qualit.y deteJ:S.on-.t.oa 

of the stored blecJc p8pJ;1U', idle dei:eriorau.n 

beJ.n9 varied accoJ:dI.Dg 110 ..... chang .. I.a .... "'.,. 

leve19 anc1 length of lDClUbe.Uoa paz-lad. All the 

eigbt fuagl 1ao1..., I'»elonged to five genen, end 

the b!!C'ltsUi. (gnm ... ) .... f0Uft4 to oaue __ 

deterioraUon of the ~1_ wh8ft they ...... 

inoculated aepen ... ,.. an the ~ of thi. 

deter.s.oraUon vu:ied eooodlng to the epee1 .. of 

micco-orgardaa l.aow1atetl, the leftl of INIS41t7 

and the perioct of i.aculMlUoft. .~ 1'8_ of ~ 

of impor1:ent em_leal oonaUw.ts which ~ 

the ~fUalit.y of bl.,olt ~ vis., oleo ... "', ~ 

and etuc:h .... also YU"fiftg when t;he •• IIPl- WM'4I 

1noculat.ed with diff--* mic:I:'o-o.w:ganl_. 

1be oleonaia OOIlUDt of the atond bleak ~ 

aaroplee wae fotmd to .......... lag due ., ... 
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JI1cI:ob1el iafeeU. (Table fl. It!s olear ~ 

8ig. 2 ..... t:hat the ~ of oleorMift 00ft~ 

vas high ._ ldgher h1.ft1dlty left18 and 1t war!" 

accordJ.no ., .. V.l'O,,;t:h behaviour of the mI.e.r.:o

orgaai_ i.D:MNlaUC!. abowtng .. aegaU .. 

eoa:-relat.lon between nlaU". haddity and ... 

oleoresin content (Table 10). The leDgt:h of 

1ncubat..1on periOd was also found. to be 1nfl.-aiaf 

the roduc:t1oD of oleores1ft COfltent:. 

Pt:eY1oua studte • .rela.ted to tile .nt4ucUon 

of oleoresin eontont 1ft black pepper due to 

microbial attack are scant.y. However. 1:han an 

cert.aJ.n re-;orta on the m1crob1al influence in the 

reduction of 011 content of copra bf' 8yJ:e (2,932) 

and .Greanulanatban and Nuir (1971). St.u.Uee 

on gJ:Oundnut and eaat.or by lliel:ner and Drlia (1HI) 

and Lal1 thaktnar1 ...... (1971) have also ebDwa 

thcsemo trend. Tho" obs&X'YaUon8# by and 1~ 

sUpport. the pres_t flocUag that. tbo miCJ:Obial 

1nfect1on led to the redUc'UOD of a major qual.t_ 

eonst1tueat of Ule sto.Nd p.coduce. 

All 1n tho cue of oleoresin. the piper .... GOD ..... 

wae a1:"10 redUced oonald. ... bly due to the .... CZObial 

infection (~ab1e 11). It 1n cloar f~ fig. 5 aDd 

6 that the red\lC1t1orl rate 1JI(Ua more p.r:oao1aCe4 d 
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!tighea' leweJa of ..... 41tF. vb_ .... miocobial 

growth wu plOfu.., Hen also. a negaU". 
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conelaUoa .... -.leti .. m.1cU.t;y aad pi.periM 

cont.eftt .. ....... (Table 12) aDd the ift11U811Oa 

of the IGllgtd\ of iIlc:NbeUoft OIl tNt J:e4uIot1oa of 

piped.De C10fttent was s.-. 

No study baa ... repoX'ted Oft the nd.CI'Obta1 

1nfect.1Oft nducJag the pip_1M COftteat of blaek 

Pf'l.'PU, 08 in the eaae of 01801:_10. Pipu .... 

Ie 8ft aide Of pipw10 ao1d and p1pert4ene ... 

which D1t:1'ogell U .... .-joJ:' ooaet.l ... _ 81 ___ 

Some worJcera liU ~ eftd i'8.I'kU ''*) and 

shaw '1.'1) bave r:epol1led that:. i:he m1el'Obial 

infect.1on crowd. 8ltv the niU"og_ c:onteat 1ft 

atored products, which 1n41I'ecUy nppon. the 

p&'8S8ftt finding. 

The starch content of nored black peppel' _ 

also 4ecnu1ng when the ....,le. were 1aoau1ate4 

with diffU'tlftt ~""i_ (1'able 13). 

lb. ~th beba91ow: of __ lDiC~rgani .. hu 

al_ 8howft the .... tI'eIId .. _icited in l'ig. , ... 

8. with profu.aed 0"'- at. hight!S' 11-'41_ leYe1. 

reau1 ttJ.rag 1ft UIe deplet:.t.oa of idle au.cb _teat.. 

flare also. a negative aoft'elaUon .. fowad ~_ 
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the 1'81.".,. -..&4iqr and the 8tanh coa~ 

of black peppel' (.a.le 1f •• 
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Men ~ of aUNh w __ ill 1:be 

case of fuagal flo ... thaD the bacterial J.afecUoa 

and then .. • ~ JAfl'lleDCe of the lersgt:b 

of 1ncubaUoa OIl ..... n4u.cUoa of .tanh COft~" 

No preriou aW4y oould be loc:sUd on 'the 

reduct10n of n8I'Gh CIIOftteftt of black pepp_ em. 
to m1cmJbJ.al lafecUaa. llowe/9w, tile ... an 

c8J:"tain hPOrU Oft the nI4ucUoa of st.u'ch aoD~ 

by mlca::oblal ... tack ... eome othOl: agricu1tu.n1 

produce. I'1JlI81l (INS) I.a Me sbldy Oft barley 

and KochUbabu (1'''' 1ft hie study OIl 80..__ 

found this type of ftaI'cb 4eplet1oD due .. 

mJ.CI'Obial 1rafecUoa, and the f1adJ.nga of ~ ~ 

stUdy hae been euppon.t with tho •• npona. 

Xt: is logical to ~ that 'the J:eCluoUon of 

all theae chamleel c::JOD8Utuenta via., oleoa: •• 1D., 

piperine and stal'Clb ad.gbt have caused bF the aoUY1. 

of 8ftI1'J'II88 prodUi&'Je4 by va. norage miecoflora. 

,~ and Chris ..... (1.52) aDd DiI'lc8 (ltM) 

reported on tho l1paae acu"lty of norage fuagi 

on ,;meat grains. A .1II11al:' study _ 
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v .. ~ .. a. (It.) nvealed the ~ 

of cellGJ.an. peot1n methyl ..-..s .. 
pol:rg~ and proi:OpeeUn_ 1ft the 

cultun fJ.lvatM of 1HMI'i ... ,'_ Oft 

Pa44F ••• Ia. AtaJla aile (1"') npore.4 ... 

pcoduCUOft of pol79'e1aotw:ona. br AlPSlPl.UM ".IM and pOuted out the qaallty ctned.oceUoa 

'by the aouvlt.y of _,-. Ae 8I\oIIm in tbeee 

st.U<.U.ee. bere also •. tl\e --JIM"'" act.lrit.y I!d.OM 

b6" " .. u1 ted 1ft the n4\1aUoa of t:be cm.u.ca1 

coned...... deteJ:.f.oI:aUag trbe quality of ato .... 

blaoJc peppeI'. 

1be present study cleu17 iDdloate the. i;be 

4I"lea black popper ahoulil be atoNd 1ft • cool _ 

place. The black papper' etarl ab80lb mo1s1:.Un 

fl'Olll Mob b\IdcUty lovels ill 'Idle .tmoeph~ wh10h 

leade t:o the ~ of a.rage llliczoflon ... 

in am 1ft the radu.c:tioD of the quality of blaa1l 

peppex-., 



Summary 
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An iav..-lgat1on OIl the IDicroflora of atona 

pepper was ccmdUc1*l Qt the College of HoI't.leu1~. 

V.ll~ duriDg 19?t-80. 1.be obsenaUou 

and conclusions of this inVestigation ere 

summarised aa followe. 

1. Then are four 41aUnet .-oDS for the Y8U' 

in KenJ.a. which cu be categorised .e 0001 *F 

period (Januaxy) .. wa.t:m dry period (April), 

0001 mD1st. period (J\'&1y) aDd vum moist peri.o4 

(O~). 

2. 'l'hf'~ moisture content. Of stored black peppel' 

varied in different seuo... and t:he maaSa.ln 

mo1stw:e content (11.08 to 12.81 pel' cent) vu 

obseJ:Yed during the 0001 ,.,1st. pU'iod (J\al.y) and 

the m~. (10.S' ., 10.1. per aeatl dur1ag tbe 

warm dIy p'~r1od (Ape'il) for the dlff ___ U"*'-
of block pepper collected for ~ etud¥. 

J. The major ctaem.lcal CfOIUfUtueft_ of nond 

black p~ name1J'. .leonel", pipes-1M aDd 

8tarch .... fOUD4 to heft alight. ....nau.. ..... 

different seaaoae. 



4. AmoDg the di.,..t. pepper ;ndee. 11ght. 

peppel" yielded rnaxlaI.a oleo1'8.lo COftt'Ml't (11.10 

per cent) and t:he min~ .. wu 1ft piftbNd peppel" 

(4.53 per cent). 'the h1gtuast ol ..... in GOftteIlt. 

in garbled pepper was 10.92 per cent whenaa ''l 
wae only '.93 per cent 1ft uaqUbled papp .... 

5. In all the grades Of blt;ck peppel'# maxf.IIuI 

oleorea1n content was found 1D cool dry pWlod 

(JanuaJ:7) an,.) the m1nlmum in wem motst period 

(October). 
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6. The ~ pipeZ".f.ne OOfttent. (5.41 pc _t.) 

wa3 obssrvacS 1ft the gublac1 grade and tile m1lWMa 

(1.00 per cent) wee ta p1nbead pepper. 1'he 

UI1uorble4 and light. pepper grad •• yielded 5.01 Pft" 

7. :rhe lowest. piped.ae COJltaDt in all the gndea 

... obaen-ed in wam moist. peJ:1cd (octo.beJ:) an4 the 

max.t.m\IR in cool clI:y pel:104 (Jauuaa:y). 

8. 'lbe gublod g&>ade of black pepper COfttaine4 

maxJ.mum stlU'dl (31.61 pw oeftt) wbenu 1:.be piahead 

t;Jrade h34 the mlIU.awm (lJ.51 per a_t) fta.nh ......... 

I. Durin\: the cool dey pciod (Janwu:y). the nanh 



and 4u:1Ag wum llIOi~'" pel'iod (0ct0bcU') to be the 

~ 
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10. 1ft aU the 88&80ft8. asaoc1a't1on of mic&'Oflon 

was obeaned ~;i til dt.ff __ t _&des of .trona black 

peppe .. and there wee no che.rlge 1ft 1:he t;ype of 

m1cn-orgttn1sma. only the populatJ.oo of MCIh 

m10n-0rgen1_ waa found to be v8l:Y1ftg in di.£fuen~ 

gndea 1ft different a_80M. 

t 1. The g.round pappU' -.pl_ 8bowed a>n 

microbial populaUon 1:haD tm.e .... 1 • ...,1 .. of 

d1fferemt grade. of black pepper. 

12. The m1CJ:'Ob1al populaUon was ~ 1ft 

whole aaq;.les of qaa:bled peppar aDd if: wu PlaXf_ 

in ground samples of light pepper. 

13. It wu found tha~ e.ltJb~ species of fUt'lgt. 

belonging to five 9-"'" and one ttram .... 

baet&r1wn wer:e aasocuiKld w1~; all the gndee Of 

black ~,:'pcZ' 1ft all the ...,ns of the yeu. 'Dle 

fung! 1eolatec! and 14f1ft't1f1ed wen four apec1ea of 

""PHs'M. name!,.. bIPIII"I. pJ.qar, .. I'M'''' 
a. g1N.. aDd!J.. ItII'RiIIE and 9l5:!9iv" ,,.. 
FM',UJ&ml siY1M, !'''eu • ..,,'1fPW 
and l!l1I2JiUm n&sd_· 
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'4. It "u 10.- th •• a111dle epee' •• of 

MUm,,! .. and _,,!1&' •• .".. CIftld gI'OW .... 

at a love&" m.idltw left! "I.' per cent) ~ 

all othe .. Uca'OolOl'9U ........ growing well call' n 
higher matcU ty lawtl.. 'l'ftt.'tn was no gzovth of 

lderoflo&"& upto .... per oeet. "laU". tnai.4i",. 

,s. WIMD 1:be ~.....,._ .... inooulat.e4 

lDd1v14ua11,. at 41ffenftt. baU.41", level_. the 

quality deUl'torauoa Of blacJc pep!"_ was Yeq 

OOft8p1c:No\l8. 

16. Oleoraeia, ptperiIae aDd at:.u.'Ch COD~ of 

black pepper: nduced ooulclenbl" won tile aemp1 .. 

of 41fferent grade. weN iaDcu1ated with diff __ ~ 

m1ao-organi... at Yarioua ..... dJ. t¥ level .. 

11. .Relative hta141tr' ... toua4 to be lM\7aU .... 1y 

co,",n1atte4 w1th oleoreatn. piperine aDd ai:U'ch 00 ___ 
. 

of blaOlc pepper. when the ...,1 .. wen 1ftocu1ated 

with 4J.ff ..... t II1czo-o.....,.... Similar nlaU .. 

ship vee obsene4 be_e. the puioc1 of 1ncu'baUoa 

and ~ quaUty upeoU al_. 
18. When the ck'led b1aoJc pappu: was exposed to 

hig ..... bWlldtty IG'gel .. it __ necs 1d\e mol .... 

wh1ch 1D 1NI'ft ~ tile 1Id.c&'Ob1al acUYitr. 
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iiith • Y1w to a1Wdy the miozoflora 1I'l .. All 

black pepp8l", • nnarcb pC'OjeGt ... cenled ... 

at. the CDll..,. of HDn.t.culture, VeUanlJckan. It 

wee a1ao .... ed at aaUmat.1ng .. dnerionUon 

of the quallqo of 81:Ond black pepper in teI.'m8 

of ita oleona.ta. pj,periae 8D4 aMr'ch COfttenta 

due to m.lczob181 ialfeot.toa aDd u_a1Dg the &'Ole 

of each m1cn-orgenl_ '" crheDgirlg tile quaUtr 

oftbe~ 

1.'be stDd7 J:WINaled that tI\e major chem.f.oa1 

consu,tuent8 of atored black peppeI'. namely. 

oleoree1.ft, p.Spw1De aa4 ftUOb ...... 184 1ft differ" 

Ondu of black peppeI'. &.U.ght:. wu:1aUou ill 

'tbMe quaUt,y cout.l ........... obHrftld accot:'tiftg 

to the s.uona of stonge alAo. 

11\ a11the seaaou. "1IOC1&1:.1on of miCl'Oflon 

with aU gndea of blaelt pepper ... obM&"ftC1. DlIII 

spec .... of IIioz'o-ozvanl- .... no~ chanqed dud.Dv 

MUOU. ba the populaUoa ftl:'1e4 eccordi.rlg to 

grade of blade peppel' 8D4 MUOn of _torage. 'lhe 

mJ.c.co-org8J11_ fO\IDd wn HIMJllJ.AM DIal-. 



C!&flW.HU a.M' ,&,1&&lf • • KI •• ...,. 
_&a'oaa· .&.-.- Ill.iAmr ea4 ~J._ 

(gr_ ..... ). 

Theft ..... gZOWth of mien!lon AD 8toZOa4 

blec1& peppel' ....... pd' cent nlaUve h_idl",. 

wiler._ p.rofuaed growth ............ at HQu:'at:loa 

lavels of h ..... d1ty. 0a17 NaIfI&l.,. app. and 

eM'S"'" saSE",. ow1d cwae up •• -- 1Owra' 

HUHI.vl'l'Y L.;VaL (15.6 pea' a.->. 
In three qualJ.t.r ooaet:.i-..u of black peppu 

vi... o1eon.~ pJ.pe.dIM .ad aUlOh n4UCed 

considerably when the ...,1. .. ~ iD.ocNlate4 

with 41ff ... _ ~ .. 41ft __ " 

level. of hurd.dJ.ty. ~,,_ ill t:be (}\aU_ 

conaU-.nta .. foUDCl co~btIg .. t:be 

1.ftc'tnm .. ia level of b\ldtU1W .. wU .. len.gtb 

of 1ncNbet.101l PRiCKS. 
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