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increased three fold. T hus by over-wrapp ing 
with poster pape r and su bsequ ent wax coating 
the same she lf-life cou ld be obtai ned as in th e 
case of lami nate d alu miniu m foil. 

The data obtained in these studies revea l an 
int erest ing featu re namely th e extent of accelera­
tion of the t est made und er high humidity and 
temp erature conditions. Between th e two con­
diti ons stud ied (~·iz . , 100aF 

an d 90 per cent R.H. 
and SOaF and 70 per cent R.H.) th e she lf- life 
obta ine d is nearly four times in both the types of 
packages, which emphasises the useful ness of th e 
acce lerated storage stud ies for a quick assessme nt 
of the perform ance of the package. Fur the r 
work on this aspect of the problem is in pr ogress. 
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EQUILIBRIUM RELATIVE HUMIDITY (ERH) RELATIONSHIPS OF PROCESSED
 
ARECANUT AND WHOLE DRIED RIPE NUTS
 

By S . SHI VASHANKAR AND V. S. GOVI~DARAJAN 

(Central Food T echnological R esearch Ins titu te, j\!Jysort') 

The annual production of arecanut, the popul ar 
mast icatory is of th e order of a million quintals 
valued at about Rs 50 crorcs' . It is consu med 
in different forms . A thi rd (33 per cent) 
of th e total p roduction, is consumed as fresh 
or stored rip e nuts while th e rest are consumed 
as whole or split dr ied rip e nut (25 pe r cent ) 
or cut, boiled an d dried green mature nuts 
(42 per cent). T he production of th ese latter 
types is con fined to the growing regions ~·iz . 

Kerala, :.vIyso re, Ma harashtr a, \Vest Bengal and 
Assam, whil e the retailing and cons umption is 
spread over th e whole country. It has been 
est imated! that 85-95 per cent of the pr oduct ion 
is ma rketed outsi de th e pr oducing Sta tes . In ma ny 
of these regions, monsoon interferes with th e 
proper processing an d storage of the finished 
products so that it has to be shifted to distant 
places for safe sto rage . The pr esent paper 
reports on th e resul ts obtai ned in resp ect of t he 
equilibrium relative hu midity (ERH) relationship 
of four types of arecanuts used by the t rade . 

~ 
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M easurement of ERH is of impor ta nce in 
packaging studies for the safe t ransport, storage 
and marketing of products. This value is 
mainly influenced by the original moist ur e con­
tent of th e samples. The moisture equi libri u m 
curve depicts th e equi librium relationship bet ­
ween the moistu re conten t of the sam ple an d the 
relat ive hu midity of th e atmos pheres su rro unding 
it. 

Various me thods cou ld be emp loyed for measur­
ing the ERH such as direct measurement of 
water vap our pr essu re by mano metr ic techniqu es ; 
direct measurement by th e use of elect ric hygro­
meter; by the gra phical interpolatio n meth od" 
and by Wink's weight equilib rium me tho d". 
Of th ese, th e last two are simple and elegant and 
were therefore chosen for these investigation. 

Experimental 

Samples of Chali I and Chali II were obta ined 
from fres h ripe arecanuts (8-9 months old) which 
were then dri ed in a through flow drier in th e 



318 EQUILIBRIUM RELATIVE HUMID ITY (ERH) RELATION HI PS OF PR OCESSED ARECANUT, ETC. 

laboratory. A market sample Batlu adeke was 
obtained. Chaar made from mature green areca 
fruits (6-7 months old), cut into 8-12 pieces 
longitudinally, boiled, coated with Kali and 
then dried, was used. Scent ed supari I and II 
batches (made from Batlu adeke) were obta ined 
from th e market. Scented supari II had some 
whit e leguminous seeds. 

Saturated solutions of salts in well sealed glass 
containers were used to obtain atmospheres of 
d ifferent relative humidities", 

Known weights of th e samples were exposed to 
atmosphe res of different relativ e humidities rang­
ing from 40 per cent to 100 per cent. These 
were weigh ed once in two days and loss or gain 
in weight recorded. Adverse effects such as 
loss of crispness and mould growth were not ed. 
When th ere was no further change in weight, 
th e equilibrium moisture conte nt of th e samples 
was determined after powderin g to a suitable 
mesh and dr ying a known weight (4-S g.) in 
alum inium dishes to a constant weight at 10Soe. 
T he percent age loss or gain in weight of the 
samples after different periods of sto rage under 
different humidities was th en calculated. Sinc e 
th e rate of moisture abso rpt ion by th e hard 
dr ied materials, is rather low, th e abso rpt ion at 
th e end of 48 hours was tak en for the analysis 
by the graphical interp olation method. 

T he initial, crit ical and permissibl e moisture, 
con te nts for the samples were det ermined from 
th e relati on of equilib rium moisture content and 
relati ve humid ity. The initial level rep resents 
th e moisture conte nt and the ERH of the original 
p roduct and th e critical level is th e stage at 
wh ich th e products get infected or become orga­
noleptically unacceptable. The level which 
corres ponds to a 5 per cent lower R.H. is de­
signated as permissibl e moisture content. The 
rang e betw een this level and th e cr iti cal point 
may be considered as safety range and hence it is 
important th at th e packaging material selecte d 
should not permit th e product to absorb moisture 
ab ove the permissible moisture content. 

Results and Disc ussion 

With th e pr ocessed mature green arecanut 
samples, equilibr.urn was obtained in 4-6 days 
whil e with th e ripe dry wh ole nut, the Chali type, 

th e equi librium was reached in 8- 10 days. 
This ma y be due to the larger surface of the eut 
nuts being expose d to relativ e humidities as 
compared to that of the hard whole chali nuts. 
T he percentage loss or gain in weight of the samp­
les stored at different relative hu midit ies in th e 
first 48 hours plotte d against R.H. is shown in 
Fig. 1, from wh ich the ERH is determined . T he 
equ ilibrium humidity moisture relati onsh ip is 
shown in Fig. 2, from which also th e ERH 
has been determined. 

The data rel: li. g to ERH and equilibrium 
moisture content (EMC) at the different hu midi­
ties, are given in T able 1. 

As seen from Table I , the ERE of most of th e 
samples arc around 45- 50 pcr cent except for 
the samples with th e higher moistu re cont ent s, the 
Ern I values for wh ich are aro un d 70 per cent. 
T he two methods studied give closely agreeing 
values for th e ERI I of th e samples. 

The varieti es cut int o thinner sections and 
bit s tend to become soft when moisture reached 
around 10 per cent. Samples at 90 per cent 
and 100 per cent R.H . were infected in 3-6 
days. At 80 per cent R.H., B atlu adeke, Choor 
and scented sup ari, were infec ted between '20- 28 
days' of sto rage whi le Chali and scent ed supari­
II got in fected earlier at 14 and 8 days of sto rage 
respect ively. All the sam ples at 70 per cent 
except th e Choor and scented supari II were in 
good conditi on during th e full period of the 
experime nt, while th e Choor and scented supari 
II got infected at 70 per cent afte r 26 and 38 
days resp ectively. Scented supari ] I had white 
seeds. These seed s got infected first and even 
th ough th ey were removed and th e sto rage con­
tinued, later on th e sam ple itself was infected. 
These seeds act as the focal point of early 
infection. 

Data regarding initial, crit ical and permis­
sible moisture levels for the different types are 
given in T able I I. 

The perm issib le level of moisture for safe 
sto rage is between 10 pel' cent and 12 per cent 
with the p rocessed mature g recn nuts while 
the Chali type is betw een 13 per cent "and 1+ 
per cent. With scented supari other factors 
such as loss of crispness and add ed flavours 
influence th e storage condit ions and t ime. s 
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Fig. 2. Equilibrium hum id ity-mo istu re Curves. Storage at 26' ± 10 C ; -+ ind icates mould gro wt h . 

shown in one of the samp les, sub stances ot her missibl e moisture levels, to between 9 and 10
 
than ar ecanu t bits such as legum inous seeds, per cent. 
coc on ut grat ings etc. fu rt her redu ce the per- T he mois tur e content of the processed green 
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TABLE I. EM C-Humidity relationship and ERH 

-
Sample 

Chal i I ... 
Chali II ... 
Batlu adeke ... 
Ch aar ... 
Scented supa ri I ... 
Scented supa ri II .. . 

ERH for EMC at differ ent rela t ive humiditiesInitial samp lc fro m 
mo isture F 40% 50% 

, 
60% 70% 80% 11OO% t I 90% t 

% I Ft 1 t I I I 
45 8.29 9.20 46 10.04 10.26 1 11.74 15.20* 15.09 15.40 

8.90 10.66 11.91 12.81 12.50 71 68 15.80" 17.00 17.42 
48 8.91 10.65 8.52 49 7.62 9.4 2 15.43'" 16.02 20.36 
47 9.36 9.77 10.42 12.32* 20.92 9.53 46 15.92 22.86 

8.93 9.15 10.95 48 48 6.56 13.85* 20.51 8.25 27.73 
73 6.32 7.96 8.80 9.80" 11.7 9 16.00 10.38 72 17.62 I 

t At th ese levels the m oisture con tent g iven is a t th e onse t of infection and not EM:C. 
'" S amples at th is moisture and cor res po nd ing R.H. an d high er level s got infect ed . 

TABLE II. Initial , critical, and permissible downs. These aspects will be present ed III 
moisture content of samples subse que nt papers. 

In iti al I Per rnis- C ritical sible 
<J <J <J... 

~ 
... 

~ 
... 

~ ~ 0 ~ 
'" i 

~ 
'" i '" i] ~ ]~ ] ~ 

"" 
d "" d e. d 

9.29 45 13.10 75 15.20 80 
12.5 0 68 14.0 0 75 15.S0 80 

8.52 48 12.20 75 15.43 80 
9.53 47 11.00 65 12.32 70 
8.25 48 11.90 75 13.85 SO 

10.38 73 9.40 65 9.80 70 
I i 

Summary 

Data on ERH , EM C and critical and permis­
Samples 

sibl e levels of moistur e for three types of pro­
cessed mature green arecanuts and wh ole dried 
ripe arecanut, have been determined. 

Chali I .. .
 
Chali II ...
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