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Abstract
The desorption isotherms of fresh and pre-treated plantain, at 50 and 60 °C, for relative humidity
(RH) range 10-80 per cent were constructed. The sorption data were fitted to three known models
and the monolayer moisture contents determined. Three pre-treatments used were: blanching at
90 °C for 5 min, and two moist-infusing treatments with 40 °B sucrose and a combined sofution of
15 °B sucrose in 0.06 kg/kg NaCl, at 4 °C for 16 h. The last two pre-treatments reduced the
monolayer moisture contents of plantain. The equilibrium moisture contents (e.m.c) of the pre-
treated plantain were lower, at RH < 45 per cent but higher, at RH > 45 per cent, than those of the
fresh plantain. At 50 °C and RH < 45 per cent, the e.m.c range for pre-treated plaintain was 2-5
per cent (d.s), compared to 4-8 per cent (d.s) for fresh plantain . At RH > 45 per cent, howerver,
the e.m.c ranges were 10-48 and 10-28 per cent (d.s), respectively. Thus, at the same drying
temperature, a much lower humidity condition will be required for the proper drying of pre-

treated than for fresh plantain.

Introduction
Plantain (Musa paradisiaca) is rated as one of
the cheapest staple food to produce per kilogram
per hectare per calorie in the humid tropics (Stover
& Simmonds, 1987). However, itis notonly a sea+
sonal crop but also highly perishable, making it
scarce and, therefore, very costly during the off
seasons. “Dehydration has been identified as one
of the cost-effective ways of preserving plantain.
Unfortunately, ordinary dehydration of most food-
crops results in products with poor colour, ad-
verse texture and poor rehydration ability (Okos
et al., 1992). Johnson (1996) found that most of
these adverse effects can be minimized signifi-
cantly if plantain is pre-treated by a number of
known techniques before drying. For the efficient
dehydration of plantain a knowledge of the
desorption isotherm characteristics of fresh and
pre-treated plantain is required. This is because
desorption isotherms give information of maximum
permissible humidities that can be used to obtain

desired moisture contents and, therefore, the de-

sign of drying equipment. The equilibrium mois-
ture content is used in determining properly the

end-point of drying (King, 1968): The objectives
of this study were, therefore, to construct and com-
pare the moisture desorption isotherms of fresh
and pre-treated plantain, and discuss the implica-
tions of the results to the dehydration of plantain.

Experimental

Fresh plantain fingers (Musa paradisiaca, var.
French Horn), at ripening stage 3 (Medlicott, 1992),
were transversely sliced into 1 mm disc and pre-
treated using three known methods. Pre-treat-
ments used were blanching at 90 °C for 5 min and
two moist-infusing pre-treatments (i) using 40 °B
sucrose, and (ii) 15 °B in 0.06 kg/kg NaCl, both at
4 °C for 16 h (Jayaraman, 1988). The fresh plantain
samples were used as control.

The desorption isotherms were determined at
relative humidities (RH) 10-80 per cent at 50 ° and
60 °C. In each experiment, 3 +0.005 g sample was
comminuted and weighed in a small polypropylene
bowl 44 mm x 44 mm in size (Fisher Scientific, UK).
The weighed samples in the polypropylene bowls
were suspended over different concentrations of
aqueous solutions of H,SO, contained in vacuum
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TasLe 1
Relative humidities of sulphuric acid solutions at the temperatures used

Temperature Per cent (w/w) sulphuric acid
R 20 30 40 50 55 60 65 70 80
50 882 762 585 383 285 19.0 1.8 54 12
60 883 766 593 394 296 20.0 12.7 62 1.8

Source: Wang & Brennan (1991) and Young (1967)

(0.1 mm Hg) dessicators. Table 1 gives the differ-
ent aqueous H,SO, concentrations used to
achieve the different RHs (Young, 1967; Wang &
Brennan, 1991). Triplicate determinations were
made at each RH. The samples were comminuted
to help provide as much surface area as possible
to facilitate the exchange of water vapour between
the interior of the samples and the surrounding
atmosphere. The samples were removed from the
dessicators weekly and weighed. When two suc-
cessive weighings showed no further change, the
sample was considered to have reached equilib-
rium. The duration of equilibration averaged be-
tween 4 and 5 weeks. The equilibrium moisture
content (M,) was determined by vacuum method
at 70 °C for 24 h (AOAC, 1984). The means were
used in constructing the isotherms.

Results and discussion
The moisture sorption isotherms
The shapes of the desorption isotherms of fresh
and blanched plantain samples were found to be
different from the other two plantain samples pre-
treated by moist-infusion (Fig. 1). The difference
‘in the shapes of the isotherms is an indication
that the sorptive properties of plantain become
modified when pre-treated by moist-infusion. Iso-
therms of the two moist-infused plantain are simi-
lar to those of freeze-dried pineapple (Vega-
Mercado & Barbosa-Canovas, 1993). Those of
fresh and blanched plantain samples belong to
the S-shaped isotherms usually referred to as type
Il isotherms, according to the BET classification
(Labuza, 1984). The §-shaped isotherm was first

found by Emmett (1942) in his study of nitrogen
adsorption on the surface of inorganic materials.
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Fig. 1. Desorption isotherms at 50 °C of fresh and
pre-treated plantain samples
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Fig. 2. Desorption isotherms at 50°C and 60 °C of
two pre-treated plantain samples (blanched only
at 90 °C for 5 min and moist-infused with 40 °B
sucrose)
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The S-shaped isotherms are characterized by an
inflection point which is thought to represent the
approximate limits of ordinary surface adsorption
occurring at low humidities and the beginning of
multi-layer adsorption occurring at high humidities
(Rizvi, 1995).

Results of plantain samples exposed to 80 per
cent RH were discarded because they became
mouldy. From Fig. | and 2, the equilibrium mois-
ture contents (M ) show two trends. The M, of
the moist-infused plantain samples were lower, at
RH <0.45, and higher, at RH > .45, than the M, of
the fresh and blanched plantain. Kapsalis (1987)
explained that, at lower RH, the sorption process
in pre-treated foods was mainly due to the bio-
polymers present in the food. In the case of pian-
tain, the main bio-polymers are starch and sugar
molecules (Marriott, Robinson & Karikari, 1981).
The decrease in equilibrium moisture contents, at
RH <45 per cent, can be attributed to the colliga-
tive effects of the sucrose and NaCl. The colliga-
tive effect reduced the vapour pressure and this
affected the amount of water molecules that was
adsorbed at the active sorptive sites of the pre-
treated plantain (Kapsalis, 1987). AtRH > 45 per
cent, the increased equilibrium moisture content
could be attributed to the fact that the sugar mol-
ecules in the plantain, which at low RH are in amor-
phous state (Iglesias, Chirife & Lombardi, 1975),
become increasingly transformed into cystalline
and more stable states (Labuza, 1984). The pre-
treatment using the 40 °B sucrose moist -infusion
technique increased the mean total sugar content
from 11.8 per cent dry solids (for the fresh plan-
tain) to 28.6 per cent dry solids (for plantain pre-
treated using 40 °B sucrose). Thus, from the point
of laws of mass action, the presence of extra sugar
meant an increased re-crystallization. Asaresult,
more water is adsorbed from its immediate envi-
ronment than normally the case (Labuza, 1984).
This is reflected in the upward swinging of the
isotherms of the moist-infused plantain samples
(Fig.1).

When the temperature was increased from 50

to 60 °C, Fig. 2 shows that, at RH < 50 per cent, the

equilibrium moisture contents (M ) decreased for

both blanched and most-infused plantain. This
reduction in M_ is because the sorption process
occurs spontaneously and, therefore, the change
in free energy, AG, mustbe a negative value (Rizvi,
1995). The sorption process is accompanied by a
decrease in entropy since the adsorbate becomes
ordered upon adsorption and loses its degree of
freedom. Thus, from the well-known thermody-
namic relation, AG = AH - T AS, the change in
enthalpy of sorption, AH, decreases slightly with
increase in temperature and, therefore, an in-
creased temperature will cause a corresponding
decrease in AS. As aresult, the AG becomes less
negative causing a reduction in the number of
adsorbed water molecules. At RH > 50 per cent,
corresponding to the capillary condensation and
multi-layer adsorption stages (Labuza, 1984), the
increased M_ for the most-infused plantain can
be attributed to the prominence of the dissolution
of extra sugar absorbed during the pre-treatment
of the plantain. At this sorption stage, the proc-
ess of sugar dissolution, which is an endothermic
process, is facilitated by an increased tempera-

ture (Rizvi, 1995).

Fitting models

Chirife & Iglesias (1978) have reviewed most
of the mathematical models currently used to de-
scribe the moisture sorption data of foods. Table
2 lists three of these models which were fitted'to
the moisture sorption data obtained. Fitting was
by non-linear regression programs (SAS, 1985).
The quality of the fittings were evaluated by cal-
culating the mean relative percentage deviation
modulus, E per cent, (Boquet, Chirife & Iglesias,
1978). In Tables 3-5, only those fits with E per
cent < 10 have been reported because these val-
ues are considered very good for practical pur-
poses (Boquet, Chirife & Iglesias, 1978). The
monolayer moisture contents of the sample were
estimated from the GAB model (Table 1). The
Iglesias & Chirife (1978) model was particularly
developed to solve the diffculty of theoretical pre-
diction, caused by dissolving sugar, of the iso-
therms of fruits and other foods high in sugar.
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TaBLE2
List of models fitted to the desorption data of plantain

Name of model Model Comments
1. Henderson (1952) 1-a = exp [AM?] M = moisture content
M_= monolayer moisture content
2. Iglesias & Chirife Ln (M+ \&;+Mo' ) =BasdA M, =moisture content at a_= 0.5
(1978)
a, = water activity

*3. Guggenheim- M=CKMa / [(1-Ka )(1-Ka_+Ka )] A, B, Cand K are constants

Anderson-de Boer (GAB) in the various equations

(1981)

* The GAB model is a combination of three models from Anderson (1946), Guggenheim (1966} and de-Boer
(1953) put together by van den Berg & Bruin (1981).

The estimated parameter values obtained for the  Implications of the results for the dehydration of
models are given in Tables 2-4. The values ob-  pre-treated plantain

tained are comparable to those for other fruits The main aim of dehydrating any food is to
(Boquet, Chirife & Iglesias, 1978). Fig. 3 shows  prolong its shelf-life beyond that of its fresh ma-
that the sorption data of plantain pre-treated by  terial. This is achieved through a reduction in its
40 °B sucrose fit all three models adequately. moisture content to a level that will ensure that

TaBLE3
Estimated parameters and monolayer moisture content (M ) of fresh
and pre-treated plantain obtained from the GAB (1981)

Plantain sample Temperature  Estimated parameters  Monolayer moisture E per cent
C) content
C K M,

Fresh 50 10.1 0.93 72 47

60 11.6 0.87 13 3.6
Pre-ireated: Blanched 50 295 1.21 5.4 37
only 60 2.51 1.22 49 1.7
Pre-treated: 40 °B 50 8.84 0.81 25 9.1
sucrose solution 60 nc n.c 2.1 n.c
Pre-treated: 15 °B 50 nc nc 14 nc
sucrose in 0.06 kg/kg 60 n.c n.c 1.9 nc
NaCl’

u.c = not calculated because E per cent > 10,
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TabLE4
Estimated parameters of fresh and pre-treated plantain obtained from the Henderson (1952) model

Temperature (°C) Estimated parameters

Plantain sample A B E per cent
Fresh 50 4.59 0.71 5.6
60 245 0.5 7.1
Pre-trerated: Blanched only 50 0.54 0.54 43
60 3.67 0.68 9.8
Pre-treated: 40°B sucrose 50 3.21 0.92 7.1
solution 60 n.c n.c n.c
Pre-treated: 15 °B sucrose in 50 0.36 0.67 838
0.06 kg/kg NaCl 60 0.64 0.17 89

n.c = not calculated because E per cent > 10.

TABLES
Estimated parameters of fresh and pre-treated plantain obtained from the Iglesias & Chirife (1978) model

Plantain sample Temperature Estimated Parameters
C) A B E per cent
Fresh 50 1.37 3.67 73
60 1.33 3.93 8.6
Pre-trerated: Blanched only 50 1.24 3.93 6.1
60 1.03 417 7.7
Pre-treated: 40 °B sucrose 50 1.26 3.62 35
solution 60 138 3.11 59

NB: Results of plantain pre-treated by 15°B sucrose in 0.06 kg/kg NaCl not calculated because the E per cent > 10,

the product does not undergo any adverse bio-
chemical and/or microbiological changes. From
Table 2, the monolayer moisture contents (M)
obtained give the upper limits of permissible mois-
ture contents that will help achieve this aim
(Labuza, 1984). Table 2 also indicates that a miich
lower moisture content and, therefore, a much
lower water activity is achievable in pre-treated
than fresh plantain during their dehydration. This
means a more stable product is assured from the
pre-treated than the fresh plantain. However, from

the nature of the isotherms and-equilibrium mois-
ture contents, a well-dried pre-treated plantain.can
be obtained if the relative humidity of the drying
air used is much lower than that of the fresh plan-
tain (Makower & Dehority, 1943).

Conclusion '
This study has established that the equilibrium
and the monolayer moisture contents of plantain
are affected when the fruit is pre-treated before
dehydration. An air-dried product from plantain
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Fig 3  Fitting the GAB, Jglesiay & Chirife and Henderson models to the

desorption fsotherm of pre-treated plantain (molst-lnfused with 40 °B sucrose)
atseeC

Fig. 3. Fitting the GAB, Iglesias & Chirife and
Henderson models to the desorption isotherm at 50
°C of pre-treated plantain (moist-infused with 40 °B
Sucrose)

has less residual moisture and, therefore, more
stable, if obtained from the pre-treated fruit than
from the fresh material.

Acknowledgement
The financial support of the National Agricultural
Research Project (CSIR) is gratefully acknowl-
edged.

References

AnDERSON, R. B. (1946) Modifications of the B.E.T.
equation, Am. chem. Soc. J. 68, 686 - 691.

AOAC (1984) Official Methods of Analysis. 14th edn.
Virginia, USA: Association of Official Analytical
Chemists.

Boquer, R., CHirire, J & IGresias, H. A. (1978) Equa-
tions for fitting water sorption isotherm of foods. II.
Evaluation of various two-parameter models. J. Fd
Technol. 13,319-27.

Chmrg, J. & IoLesias, H. A. (1978) Equations for fit-
ting water sorption isotherms of foods: Part 1 - a
review. J. Fd Technol. 13, 159-174.

pE BOER, J. H. (1953) The Dynamical Character of Ad-
sorption. Oxford: Clarendon Press.

EmmeTT, P. H. (1942) In Advances in Colloids Science.
p. 1 New York: Interscience Pub Inc.

GuccennemM, E. A. (1966) Applications of Statistical
Mechanics. Oxford: Clarendon Press.

IoLesias, H. A., CHiriFg, J. & Lomsaroy, J. L. (1975)

Water sorption isotherms in sugar beet root. J. Fd
Technol. 10,299-308.

IGLEsiAs, H. A. & CHIRIFE, J. (1978) An empitical equa-
tion for fitting water sorption isotherms of fruits and
related products. Can Inst. Fd Sci. Technol. J. 11,12
- 15.

IcLesias, H. A. & Cuirirg, J. (1982) Handbook of Food
Isotherms, pp. 170-175. New York: Academic Press.

Javaraman, K. S. (1988) Development of intermediate
moisture tropical fruit and vegetable products-tech-
nology problems and prospects. In Food Preserva-
tion by Moisture Control (ed. C.C. Seow, T. T. Teng
and C.H. Quah), pp. 177 - 180. London: Elsevier
Applied Science.

Jounson, P-N! T. (1996) Dehydration characteristics of
plantain (Musa, AAB). PhD Dissertation, The Uni-
versity of Reading, UK.

Karsaus, J. G. (1987) Influences of hysteresis and tem-
perature on moisture sorption isotherms. In Water
Activity: Theory and Application to Food (ed. L. B.
Rockland and L. K. Beuchats), pp. 173 - 213. New
York: Marcel Dekker.

King, C. J. (1968) Rate of moisture sorption and
desorption in porous, dried foodstuff. Fd Technol.
22,509-514.

Lasuza, T. P. (1984) Moisture Sorption: Practical As-
pects of Isotherm Measurement and Use, p. 9. St.
Paul, Minnesota: American Association Cereal Chem-
ists.

MAKOWER, B. & DeHority, G. L. (1943) Equilibrium
moisture content of dehydrated vegetables. Ind. engng
Chem. 35 (2), 193-197.

Marriorr, J. RosinsoN, M. & Karikary, S. K. (1981)
Starch and sugar transformation during the ripening
of plantains and bananas. J. Sci. Fd & Agric. 32,1021
- 1026.

MzebLicort, A. P. (1992) Post-harvest physiology of stor-
age and ripening in horn plantain. ODA contract
report: OMC 89/90 312/110/001A. Fundacion
Hondurus de Investigacion AgricolaLaLima.

Oxos, M. R, NarsiMHAM, G., SINGH, R, K. & WEITNAUER,
A. C. (1992) Food dehydration In Handbook of Food
Engineering (ed. D. R. Heldman and D. B. Lund), pp
437 - 562. New York: Marcel Dekker, Inc.

Rizvi, S. S. H. (1995) Thermodynamics of foods in
dehydration. In Engineering Properties of Foods
(ed. M. A. Rao and S. S. H. Rizvi), pp. 223-311.
New York: Marcel Dekker.

SAS (1985) S4S User's Guide: Statistics, 5 edn. Statis-
tical Analysis System, Cary, NC.



VOL. 39

GHANA JOURNAL OF SCIENCE 15

VAN DEN BERG, C. & Bru, S. (1981) Water activity and
its estimation in food systems: theoretical aspects.
In Water Activity: Influences on Food Quality (ed. L.
B. Rockland and G. F. Stewart), pp. 34 - 61. New
York: Academic Press.

VeGa-MERrcaDo, H & BarBosa-Canovas, G. V. (1993)
The use of GAB model to represent freeze-dried

pineapple pulp sorption isotherms. In Food Dehy-
dration. AIChE Symposium Series.

Wang, N. & Brennan, J. G. (1991) Moisture sorption
isotherm characteristics of potatoes at four tempera-
tures. J. Fd Engng 14, 269-287.

Young, J. F. (1967) Humidity control in the laboratory
using salt solutions—a review. J. appl. Chem., 17,
241-245.

Received 10 Jun 98; revised 12 Jan 99.



