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Abstract 

Moisture equilibrum data for desorption of water from ripe and unripe plantain 
were obtained at 40°, SO', 60° and 7 0 " ~  over a range yf relative humidities from 
10 to 90 percent, using a static gravimetric method. Rite plantain exhibited higher 
equilibrum moisture content (EMC) than unripe plantain under the same con- 
ditions. A non-linear least squares regression programme was used to fit 5 desorp- 
tion isotherm models to the experimental data and the parameters of the models 
evaluated. Using the modified Halsey model, the minimum standard error of 
estimates of the EMC was 1.9% for ripe and 1.4% for unripe plantain- 

Introduction 

Plantain (Musa paradiasca) is an important source of carbohydrate 
in the humid tropics. I t  is a seasonal crop being plentiful during the 
rainy scason and scarce during the dry season. Traditionally, the fruit 
is allowed to  ripen at ambient temperature before being processed for 
consumption, or dried and milled into flour in the unripe stage. There 
are no cheap, pfactical storage techniques for the fruit. Thus, they 
ripen at about the same time leading to  high post-harvest losses which 
could be from 35 - 100% (NAS, 1978). Several methods of proces- 
sing plantain to extend the-storage life are presently being investiga- 
ted. These methods include drying, transformation into chips, powder 
and flour (Ogazi and Jones, 1981). These processes invariably involve 
the drying and storage of the crop. A fundamental characteristic of 
food materials which influences every aspect of the drying process 
and the storage stability of the dried product is its water sorption 
characteristics. Thc equilibrium relationship tying moisture content of 
an agricultural product with temperature and relative humidity of 
the surrounding air is of primary interest in the modelling and design 
of crop drying and storage facilities. This information is useful in 
studying drying charactcristics of products and in developing relation- 
ships to prcdict drying ratcs of the product under various drying condi- 
tions. I t  can also be used t o  predict what moisture levels would be 



necessary for long-term safe storage of the product. Hence, there have 
been many scholaily contributions which deal with the experimental 
means to  obtain sorption isotherms for several agricultural products. 
Gal (1981) pointed out that there are three basic methods of determi 
ning sorption data namely manometric gravimetric and special 
methods. He concluded that the gravimetric method has been prefer- 
red for obtaining complete sorption isotherms. These data are available 
for a wide vqriety of products (ASAE, 1981) but none is available 
for plantain. I t  is known that the chemical composition of an agricul- 
tural product has a substantical effect on its sorption isotherms 
(Labuza, 1968). Thus, it is expected that ripening of plantain will 
alter its sorption isotherms. 

Many other researchers have developed and tested models of the 
forms. 

MC = MC (RH, T) 
and RH = RH (MC, T)  
where T = temperature 

MC = moisture content at cquiliErum 
RH = relative humidity at c q u i l i b ~ m  

A recent review of the models was done by Bruin and Luyben (1980). 

The objective of this study was to obtain data on desorption iso- 
therm of ripe and unripe plantain at 40°, 50°, 60° and 70°C and to 
interprete the data in terms of established sorption models. These could 
be used in the design of crop drying and storage facilities to obviatc 
the losses attendant on a seasonal crop like plantain. 

Materials and Methods 
The plantain used for this study was obtained from the University 

of Ife Teaching and Research Farm. Ripe and unripe fingcrs were 
investigated, the latter being obtained from bunches that werc stored in 
a warm environment in order to  ripen. The samples wcre pccled, cut 
into pieces of about 1.5cm thick and dried in an oven at 90°C until 
the weight was reduced by about one third. This drying technique was 
found necessary to reduce the length of time required for equilihruz 
t o  be reached and also lessen the amount of excess salt needed in the 
saturated salt solutions. 

A static gravimetric technique was used for the eq~liliiirum moisture 
content determination. Samples of about 20g wcre placcd in wirc. 
baskets which were then placed in dessicators. Each dcssicator ( .on-  
tained a saturated salt solution, the sct of solutions being selcctetl t o  



provide. adequate screening of ambient relative humidities from 10 to  
90% at the different temperatures (Young, 1967). The dessicators were 
placed in ovens set at 40°, 50°, 60" and 70°C (+ l.O°C). The samples 
were weighed daily and equilibrum condition was considered to  have 
been reached when three consecutive measurements gave identical 
readings. The dry matter of the samples was obtained by drying in an 
oven at about .90°C to constant weight. At this temperature, the 
saniples dried without caking. Each experiment was replicated once. 

Results and Discussion 
The equilibrum moisture data, expressed as percent dry basis, at 

different temperatures and relative humidities are presented in-Table 1 
for ripe plantain, and Table 2 for unripe plantain. The data indicate 
that the equilibrum moisture content of ripe plantain is higher than 
that of unripe plantain at all temperatures and for all relative humidity 
values investigated. This is clearly illustrated in Figure 1. I t  has been 
shown that during ;ipening of plantain, complex carbohydrates espe- 
cially starch are hydrolysed to reducing sugars and sucrose and that 
there is an increase in the moisture of the fruit (Ketiku, 1973). Crapiste 
and Rotstein (1982) in a study of the sorption equilibrum data of 
starch-containing foodstuff, concluded that a product with a large 
amount of solute and less insoluble materials has less equilibrum 
water at low relative humidities but rather more at high relative humidi- 
ties. This was demonstrated in comparisons df equilibrum moisture 
data for beans with potatoes and peas with corn. hiazza (1982) has 
also shown that the addition of glucose and sucrose to potato caused 
the eq~~ilibrum moisture to decrease in the low and intermediate 
relative humidity rnngcs while increasing it significantly at the high 
relative humidity range. 'The higher equilibrum moisture values of ripe 
plantain at low ;uid high relative humidities are therefore unexpected. 
'I'his however coi~ld Ijc due to the effect of other changes that occur 
tluring ripening. 'I'llcse ch;lnges include decreases in acidity, starch 
and ascorbic acid contents, as well as increases in pH, ash and fibre 
c.or~tcnt (Krtikr~, 1!)73). 



TABLE 1 : OBSERVED DESORPTION EQUILIBRIUM MOISTURE OF IUPE 
PLANTAIN. 

T e y  perature Relative 
C Humidity 

(%I 

Equilibrium Moisture Content 
(% dry basis) 

Rep 1 Rep 2 Mean 



TABLE 2: OBSERVED DESORPTION EQUILIBRUM MOISTURE CONTENT 
OF UNRIPE Pr.ANTAIN 

Temperature Relative Eguiliirium Moisture Content 
" C Humidity (% dry basis) 

(%I 
Rep 1 Rep 2 Mean 
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Re lo t i v~  Humidity ( O / O )  

Fig. 1 Effect of ripeness on equilibrium moisture content of plantain at 40°C 



A non-linear, least squares regression program GENSTAT OPTLMI- 
ZATION (NAG, 1981) was used to fit five desorption models (Table 
3) to the experimental data. Parameters were estimated for the model 
first by taking the equilibrum relative humidity ( E M )  to be the 
dependent variable and secondly, by taking the equilibrum moisture 
content (EMC) as the dependent variable. 

C TABLE 3: EQUL~LBRIUM MOISTURE CONTENT AND EQUILIBRIUM RELA- 
TIVE HUMIDITY MODELS. 

Name of Model Equilibrium moisture 
content models 

Equiliirium relative 
humidity model 

Henderson 
(1 - RH) - ( l /b )  

(Henderson, 1952) M = Ln [ - 
-aT 1 1 - RH = EXP (~TM') 

Chung-Pfost 
@hung and Pfost, 
1967) RH = EXP - EXP (-bM)] 

T 

Chan-Clay ton 
(Chen and Clayton, M = -1 Ln RH RH = EXP [ - T ~  EXP (-cTdhl)] 
1971) CT Ln [ T I  
Henderson-Thompson 1 0  
(Thompson, 1972) 1 - RH = EXP [-a (t +b )~ ' ]  

a, b, c, d = Parameters of the models 
M = Moisture content, % dry basis 
RH = relative humidity, decimal fraction 
T = temperature, k 
t = temperature, OC 

The estimated parameters for the ERH models and the standard 
errors of estimate for relative humidity are shown in Tables 4 and 5 
for ripe and unripe plantain respectively. The estimated parameters 
for the EMC models and the standard errors of estimate of the moisture 
content arc also shown on Tables 6 and 7 for ripe and unripe plantain 
respectively. Comparisons of the estimated parameters in Tables 4 and 



6, and Tables 5 and 7, show that the parameters obtained with thc KhlC 
models are not the same as the corresponding parameters in thc ERH 
models. 

TABLE 4: COMPARISON OF EQUILIBRIUM RELATIVE HUMIDITY MODELS 
 OR RIPE PLANTAIN. 

a b c d Standard 
Error of 
Estimate 

(%) 

Henderson 7.075x10-' 1.210 9.6 

Chung- 8.84x102 8 .10~10 -~  10.1 

Modified 
Halsey 9.83 - 

Chen- 4.797~ 101 4 .457 5.037~10-~ 8.900~10-I 8.7 
Clay ton 

Modifed 
Henderson -3.5~1 o - ~  1.361 9.41 0 

TABLE 5: COMPARISON OF EQUILIBRIUM RELATIVE HUMIDITY MODELS 
FOR UNRIPE PLANTAPI 

Standard 
Error of 

a b c d Estimate 
(%I 

Henderson 7.553~1 OU5 1.450 8.5 

3 
Chung- 1.098~10 1.574~10-' 
Pfost 

Modified 
Halsey 1.030x101 -2.161~10-~ 1.612 

Chen- 5.371 x1 O6 -2.453 9.378~1 0-5 1.286 7.3 
Clay ton 

Modified 
Henderson -3.9~1 0-4 1.562 -4.61 - 6.4 



TABLE 6: COMPARISON OF EQUILIBRllJM MOISI'URE CONTENT MODELS 
FOR RIPE PLANTAIN. 

Standard 
Error of 

8 b c d Estimate 

((3'") 

Henderson 5 .2~10  ' 1.319 3.9 

Chung- 1.1 23x1 0".407x 10 
Pfost 

Modified 1.046~10' 2.272~10. 1.252 I .9 
Halsey 

Chcn- 9.953x 10' 2 . 1  73 1.593~10-' 1.496 3.4 
Clay ton 

hlodified 3.6x10-' 1.370 -1.172~10' - 2.6 
Henderson 

TABLE 7: COMPARISON OF EQUILIBRIUM MOISTURE CONTENT MODELS 
FOR UNRIPE PLANTAPJ. 

Standard 
a b c d Error of 

Estimate 
(5%) 

Hendcrson 1.1 5 7 ~ 1 0 - ~  1.278 - - 2.1 

Chung- 1.042~1 O3 1 .446~ lo-' - 

Pfost 

Modified 1.012~10 1 . 9 9 3 ~ 1 0 - ~  1.777 
Halsey 

Chen- 1.718~10' -2.67 2.761~10-' ! .;81 1 .S 
Clayton ' 

Modificd 5 . 2 ~ 1  OP4 1.359 6.275 
Henderson 

Equilibrium moisture content (%) 

32 28 24 20 16 12 0 0 0 0 Oripc A A A Aunripc 

Relative Humidity (5) 



120r r ipe plantain, t l lc lowest standard error of estimate f o r  ERH 
(5 . ! )X) ,  amcl lfR4C: (1.9X)) were obta ined using t he  mod i f ied  Halsey 

rriotlcl ( ' l ' i~blcs 4 and 6).  F o r  the unr ipe plantain, the  lowest standard 
cr ror  o f  csiirn;~tc of  6.4% f o r  l i N 1  was obta ined us ing the  modi f ied 

I l c~ ldc r son  rnotlcl while thc  lowcst standard error o f  estimate o f  EMC 
(1.4'X)) was olbtaincd usil ig the mod i f ied  I la lsey model. 

Conclusions 

I)csorl)t ion cqui l ibrum moisture data are presented f o r  r ipe  and 
unri l )c plantain f o r  tcmpcratures f r o m  40°C t o  70°C over a range o f  

rclativc humidit ies f r om 10 t o  90 percent. T h e  EMC o f  r ipe  p lanta in  
wcrc I l ighcr than that  o f  unr ipc p lanta in  at  a l l  condit ions tested. 

1'ar;trnctcrs for five EMC and five ERH models have been estimated 
for thc dcsorpt ion o f  water f r o m  r ipe and  unr ipe plantain. Th is  in fo r -  
mat ion  may I l c  useful t.o proccssors involved in the d ry ing  and storage 
o f  plantain. 
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