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as t - 0

on long slender petioles ranging from 300-900 mm in length.
The leaves can be peltate, ovate, or heart- shaped with blades
200-500 mm long and about half as wide. The dasheen is
cultivated extensively in tropical countries, such as Trinidad
and Tobago, for both the tender leaves and the tubers. Fresh
dasheen leaves are cooked extensively in soups and dehydrated
leaves have considerable potential for dried soup preparations.
Macmillan (1991) gives a comprehensive description of this
important, tuberous vegetable of the wet tropics. Maharaj and
Sankat (1996) studied the effects of blanching pre-treatments
and drying conditions on the quality of dehydrated dasheen
leaves. Such leaves, however, must be reconstituted prior to
consumption. This study focused on the rehydration
characteristics of dehydrated dasheen leaves. This is necessary
for optimization of the hydration process. The organoleptic
characteristics of the reconstituted leaves were also
investigated.

Theoretical background
There has been extensive study to assess the rate of water
intake by food materials. However, most of these analyses were
based on Fick's laws of diffusion and the appropriate equations
(Mazza and LeMaguer 1980; Hsu 1983; Engels et al. 1986). In
an attempt to simplify the mode of water absorption by food
materials, a two parameter, nonexponential, empirical equation
was proposed by Peleg (1988). Peleg's equation is :
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hydration temperatures of 60, 70, 80, and 100°C. Prior to drying at
60°C (moisture content of2-4% dry basis), dasheen leaves were steam,
water, or alkali blanched. Subsequent to alkali blanching, the leaves
were placed in a chemical bath comprised mainly of sucrose (20%). A
mathematical model was used to describe the hydration behaviour of
such dehydrated leaves. At all hydration temperatures, the equilibrium
moisture contents were highest for the alkali blanched leaves. There
was no significant difference in the mean equilibrium moisture content
values for steam blanched, water blanched, or unblanched leaves.
Initial hydration rates increased with hydration temperature for all
treatments and were highest for the alkali blanched leaves. When
rehydrated and cooked at 100°C, the texture, taste, and overall
acceptability ofwater and alkali blanched leaves were comparable with
the freshly harvested, cooked leaves. Colour however, was best for
water blanched leaves. Keywords: dasheen leaves, rehydration
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On a etudie des feuilles deshydratees de dachine (Colocasia
escillenta Linn. Schott var. escillenta) pour leurs caracteristiques
d'absorption d'eau 'a des temperatures de 60, 70, 80 et IOOOC. Avant
de les faire secher a60°C (teneur d'humidite de 2-4%) les feuilles de
dachine ont ete blanchies a l'eau, a la vapeur ou a I'alcali. Vne fois
blanchies aI'alcali, les feuilles ont ete plongees dans un bain chimique
compose principalement de sucrose (20%). On a utilise une formule
mathematique pour decrire Ie comportement de ces feuilles
deshydratees dans ces conditions. A toutes les temperatures
d'hydratation les teneurs d'humidite se sont averees les plus clevees
dans Ie cas des feuilles blanchies a I'alcali. II n'y avait pas de
difference importante dans I'equilibre moyen des valeurs de teneur
d'humidite entre les feuilles blanchies a la vapeur, a I'eau ou les
feuilles non blanchies. Les taux initiaux d'hydratation ont augmente en
fonction de la temperature d'hydratation dans Ie cas de tous les
traitements et ils etaient les plus eleves dans Ie cas des feuilles
blanchies a I'alcali. Vne fois rehydratees et preparees a 100°C, la
texture, Ie gout et I' acceptabilite generale des feuilles blanchies aI' eau
et a I'alcali pouvaient etre compares a des feuilles nouvellement
cueillies et preparees. Pourtant, la couleur des feuilles blanchies aI' eau
etait la plus proche de I'originel. Mots de: feuilles de dachine,
caracteristiques de rehydratation, evaluation par les sens, equation de
Peleg.

INTRODUCTION

Dasheen (Colocasia esculenta Linn Schott var. esculellta) is a
monocotyledonous, herbaceous perennial belonging to the
Aracea-Arum family. Tindall (1983) described the plant as
having a large main corm or tuber with a few side tubers,
producing at its apex a whorl of large, erect pale-green leaves

and as t - 00

I
M=M+-

e 0 K
2

where:
Ml = moisture content (me, % db) at time t
Mo = initial moisture content (% db)
t = rehydration time (min)
K, = constant (min per % me db)
K2 =constant (reciprocal of % me db), and
Me = equilibrium moisture content (% db).

(I)

(2)

(3)
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Linearization of Eq. I gives:

(4)

A plot of t/(Mt - Mo) against time, t, gives a straight line
with K1 as the ordinate-intercept and K2, the gradient of the
line. Such a plot allows the characteristics of the constants to be
studied. Sopade and Obekpa (1990) and Sopade et al. (1994)
observed that K1 was inversely related to temperature and its
reciprocal defines the initial hydration rate (Eq. 2). The
constant K2 was described as a characteristic sorption parameter
of the food material being examined. Peleg's equation is
applicable to the curvilinear segment of the sorption curve and
the reciprocal of K2 can be used to predict the equilibrium
moisture content (Eq. 3). Although not derived from any
physical laws or diffusion theories, its application for various
food materials, e.g. milk powder, rice and various legumes has
been demonstrated (Sopade and Obekpa 1990; Sopade et al.
1994).

The objectives of this study were: (i) the determination of
the applicability of Peleg's equation in modeling the water
absorption characteristics of blanched and unblanched
dehydrated dasheen leaves in an attempt to determine suitable
conditions for rehydration; and (ii) an evaluation of the
organoleptic characteristics of the rehydrated, cooked leaves.

MATERIALS and METHODS

Rehydration procedures

Freshly harvested dasheen leaves (14 kg) at a moisture content
of 662% db were washed, destalked and the leaves were
chopped to sizes ranging from 15 to 20 mm using a forage
cutter. Pre-treatments prior to drying at 60°C (to a final
moisture content of 2-4% db) under forced convection were: (i)
blanching in steam (96°C for 6 min) - steam blanched, (ii)
blanching in near boiling water (lOO°C for 10 s) - water
blanched, and (iii) blanching in water containing 0.06%
magnesium carbonate (lOO°C for 10 s), followed by infusion
(21°C for 4 h) in a chemical bath comprised mainly of a 20%
sucrose solution - alkali blanched. These procedures were
outlined by Maharaj and Sankat (1996). Approximately 260 g
of dasheen leaves were used for each treatment.

Beakers (500 mL) were filled with distilled water (300 mL)
and placed in two thermostatically-controlled waterbaths
(Polytherm Type PY5(L), SciencelElectronics Inc., Ohio) set at
60°C and these were used to replicate the rehydration
treatments. To each beaker of water, I g of alkali blanched,
dehydrated dasheen leaves was added. This was the maximum
mass of sample facilitating rehydration of a single layer in the
beaker. At masses greater than 1g, the rehydrated leaves folded
over each other, thereby creating multiple layers. This was an
uncontrolled, undesirable feature which may have affected the
rehydration rate. Beakers (one from each waterbath) were
withdrawn after 2, 5, 10, 15, 30 min, and I and 2 h and the
leaves allowed to drain for 2 min. The hydrated leaves were
blotted free of excess surface moisture with paper tissue and
placed in an air-draft oven set at 105°C for 16 h for moisture
determination (Menzies and O'Callaghan 1971). The hydration
procedure was repeated at waterbath temperatures of 70, 80,
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and 100°C. At 100°C, hydration was rapid and masses were
taken after lOs, I, 3,5, 10, and 15 min of soaking. Rehydration
was repeated in the above mentioned manner with dehydrated
leaves, which were previously steam blanched, water blanched,
and unblanched. For such leaves, however, hydration was
slower and steep times were 10, 15,30 min, 1,2,3,4, and 5 h.
Linear regression analysis and analysis of variance (ANOVA)
tests were carried out on the data.

Organoleptic evaluation

Water blanched and alkali blanched dasheen leaves were
dehydrated at an air temperature of 60°C to a moisture content
of 8.7% db (Maharaj and Sankat 1996) and the rehydrated
leaves sensorially evaluated, as described in the next section.
Preliminary investigation revealed a high degree of sweetness
at a sucrose concentration of20%. Thus for the alkali blanched
leaves, the sucrose content was reduced from 20% to 5%.
Drying time was 4 h for the water blanched leaves and 5.5 h for
the alkali blanched leaves.

Fresh dasheen leaves (288 g) were placed in a 2000 mL
glass beaker containing boiling, distilled water (720 mL at
100°C) and cooked for 8 min. The leaves were edible after 5
min, however, further cooking for 3 min was necessary to
eliminate the leaves' acrid constituents, Le. oxalic acid and
calcium oxalate. Such cooked leaves served as the control in
the sensory analysis. Preliminary hydration studies showed that
the dried leaves reconstituted rapidly and were cooked within
5 min of steeping at 100°C. Tests using an equivalent volume
of water for reconstitution as that used for cooking fresh leaves,
Le. 720 mL, resulted in considerable leaching of the leaves'
flavour constituents. Consequently, a "watery" flavour was
imparted to the reconstituted leaves. As a result, the minimum
quantity of water necessary for rehydration and cooking was
used. Water blanched, dried dasheen leaves (28 g), dry
equivalent to 288 g of the fresh leaves, were placed in boiling
distilled water (375 mL at 100°C) and cooked for 3 min. Alkali
blanched leaves (30 g; equivalent to 288 g of the fresh leaves)
were added to boiling distilled water (265 mL at 100°C) and
cooked for 2 min.

Sensory analysis

A semi-trained panel comprised of 18 members evaluated the
quality attributes of colour, aroma, texture, taste, and overall
acceptability of the rehydrated, cooked dasheen leaves.
Panelists were asked to compare the quality attributes of the
rehydrated leaves with a reference, Le. cooked, fresh leaves.
For each quality attribute evaluated, the direction (i.e. quality
change) and magnitude of the difference from the reference, if
detected, were determined. Panelists were also asked to rank
the samples according to their preference. The sample that was
best liked was ranked as "first" and the least liked, as "third".
The ranking data were analysed statistically by the Kendall
Coefficient of Concordance Test (Siegel 1956). The order of
presentation was randomised for each panelist, with each order
of presentation being triplicated.

RESULTS and DISCUSSION

Hydration curves

The variation of the moisture contents of steam, water, and
alkali blanched and unblanched dasheen leaves during
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hydration at 60, 70, 80, and 100°C are
shown in Fig. 1. The steam blanched, water
blanched, and unblanched leaves exhibited
an initial high rate of moisture sorption
followed by slower absorption in the latter
stages, a characteristic moisture sorption
behaviour previously described (Sopade
and Obekpa 1990; Sopade et aI. 1994).
With prolonged soaking, the leaves'
moisture contents increased to a maximum
and were unaffected by further increases in

o_-r-__..-_-_._-.....-_ soak time (Fig. I). Alkali blanched leaves
100 ISO 200 250 300 on the other hand, exhibited atypical

Rch~'dr..tlon time (min) moisture sorption behaviour as the amount
of water absorbed increased to a maximum
and progressively decreased with
increasing soak time. This was more
evident at the high hydration temperatures
of 80 and 100°C, where a marked decline
in the leaves' moisture contents were
observed (Fig. I). This unusual
phenomenon is probably ascribed to the
loss of infused solids during hydration as it
was noted that the TSS (Total Soluble
Solids) levels of such leaves at the end of
rehydration was OOBrix (initial value of
17°Brix).

Peleg's equation was used to fit the
10 15 20 25 30 experimental data within the curvilinear

Rcb)'dr.ltion time (min) segments of Fig. 1 and away from
equilibrium conditions (i.e. during the
period of the increase in moisture content).
The results of the linear regression models
fitted to the data at hydration temperatures

of 60-100°C are shown in Table I. The coefficients of
determination, R2 values, varied from 0.960 to 1.000 with
p* S 0.001 and P* S 0.01 (probability of null hypothesis
of the slope =0) (Table I), indicating a good fit to the
experimental data. This suggests that Peleg's equation is
suitable for describing the water absorption characteristics
of both blanched and unblanched dasheen leaves at the
hydration temperatures investigated, i.e. 60-1 OO°C. Alkali
blanched leaves rehydrated within 3 min at 100°C.
Beyond this time, the leaves were soggy and appeared
over-cooked. As a result, Peleg's equation was not used to
fit the hydration data of such leaves that were rehydrated
at 100°C as the data points were few (3) and scattered.

Peleg's constant K1 and the equilibrium moisture
content
Irrespective ofhydration temperature, Peleg's constant, K2

(estimated slope in Table I) was significantly lower (P S
0.001) for alkali blanched leaves compared to water
blanched, steam blanched, and unblanched leaves
(Table I). The constant K2 is inversely related to the
absorption ability of foods (Sopade and Obekpa 1990).
Compared to the other treatments, the low K2 values
observed for the alkali blanched leaves therefore suggest
increased absorption ability and high equilibrium moisture
contents as predicted by Eq. 3. This is probably due to the
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60 2.28 X 10'3 ~ 0.001 0.999

70 2.31 x 10'3 ~ 0.001 1.000

80 2.06 x 10'3 ~ 0.001 0.998
100 1.88 x 10'3 ~ 0.001 0.999

60 2.10 x 10'3 ~ 0.001 0.999
70 2.22 x 10'3 ~ 0.001 1.000
80 1.95 x 10-3 ~ 0.001 0.995
100 2.05 x 10-3 ~ 0.001 0.998

60 7.89 x 10-4 ~ 0.001 0.995

70 9.20 x 10-4 ~ 0.001 0.992
80 7.12 x 10'4 ~ 0.01 0.960

60 2.49 x 10'3 ~ 0.001 0.998
70 2.30 x 10'3 ~ 0.001 1.000
80 1.80 X 10'3 ~ 0.001 0.992
100 1.57 x 10-3 ~ 0.001 0.999
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p* denotes the probability of null hypothesis [K2 = 0].
R2 denotes coefficient of determination.

Alkali

blanched

Water
blanched

Unblanched
(control)

Steam
blanched

Treatment

Table I. Summary of linear regression models fitted t/(M.-Mo)

vs t for dasheen leaves hydrated at 60 - 100°C.

Fig. 1. Water absorption characteristics of blanched and unblanched dasheen
leaves at different temperatures.
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Table ll. Equilibrium moisture contents of hydrated
dasheen leaves determined by experimental and
predictive methods.

aYalues are the mean of two predictions by Peleg's equation at
each hydration temperature of 60, 70, and 80°C.

bYalues are the mean of two observations at each hydration
temperature of 60, 70, and 80°C.

Standard error mean (treatment) = 0.43
Standard error mean (method) = 0.21

high solute concentration in the leaves (an increase from 5 to
17° Brix following infusion) as hydroxyl groups aid in
complete rehydration (Neumann 1972). This is in conformity
with the hydration curves of Fig. I which showed water uptake
for alkali blanched leaves far in excess of that of steam
blanched, water blanched, and unblanched leaves at all four
temperatures. The equilibrium moisture contents of such
rehydrated leaves exceeded the moisture content of the fresh
leaves which was 662% db.

Table III. Peleg's K} values for blanched and unblanched
dasheen leaves at hydration temperatures 60 •
100°C.

Treatment Temperature aK) bilK)
(oC) (min/% mc db) (%mc db/min)

Steam 60 1.422 x 10-2 70

blanched 70 1.086 x 10-2 92

80 7.378 x 10-3 136

100 2.749 x 10-4 3642

Water 60 1.572 x 10-2 64

blanched 70 9.166 x 10-3 109

80 7.717 x 10-3 130

100 3.913 x 10-4 2556

Alkali 60 7.432 x 10-3 135
blanched 70 3.882 x 10-3 258

80 2.217 x 10-3 451

Unblanched 60 1.147 x 10-2 87
(control) 70 1.037 x 10-2 96

80 7.662 x 10-3 131

100 2.265 x 10-4 4414

aMean of two values at each temperature.
b11K, is the initial hydration rate.
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For' hydration particularly at 60-80°C, and in accordance
with the hydration curves of Fig. I , blanching in steam and
water prior to drying did not markedly affect the absorption
ability of the leaves as they behaved quite similarly to the
control (no pretreatment prior to drying). This is reflected by
the K2 values (Table I) for this group. These ranged from 1.80
x 10-3 to 2.49 x 10-3

• Values of K2 at 100°C, particularly for
steam blanched and unblanched leaves were lower compared to
hydration at 60-80°C. This observation suggests higher
equilibrium moisture content (Me) values at IDOcC. This may
be attributed to cellular breakdown and tissue disruption of the
leaves at IDO°C as such leaves were over-cooked after only 5
min of hydration.

The constant K2 defines the equilibrium moisture content,
a property that does not vary with temperature (Peleg 1988;
Sopade and Obekpa 1990). Peleg's K2 values for blanched and
unblanched (control) leaves were used to calculate the
equilibrium moisture contents according to Eq. 3. Irrespective
of treatment, statistical analysis revealed no significant
difference in equilibrium moisture contents determined at 60,
70, and 80°C. As shown in Table II, there was close agreement
in equilibrium moisture content values for steam blanched,
water blanched, alkali blanched, and unblanched leaves
determined by experimental and Peleg's equation at hydration
temperatures of 60, 70, and 80°C. Observed Me values were
taken as the asymptotes of the rehydration curves in Fig. 1. For
alkali blanched leaves, however, the maximum moisture
contents obtained during hydration were taken as the
experimentally determined equilibrium moisture contents.
Statistical analysis revealed no significant difference in
equilibrium moisture contents amongst steam blanched, water
blanched, and unblanched leaves determined by experimental
orpredictive methods based upon curvilinear experimental data
only and Peleg's equation. As noted before, a significant
increase in equilibrium moisture content (P S 0.00 I) was found
for the alkali blanched leaves (Table II) and such equilibrium
moisture content values when compared to those of the
unblanched leaves, increased by three times.

Peleg's constant K} and the initial hydration rate
For each treatment, Peleg's constant, K , decreased significantly
as the hydration temperature was increased from 60 to IDO°C
(Table III). Sopade and Obekpa (1990) and Sopade et a1. (1994)
also found that K 1 was inversely related to temperature. Its
reciprocal (lIK1) (% mc db/min) is equivalent tothe initial rate
of hydration (Eq. 2) and its sensitivity to temperature is
indicative of the positive effect of increased temperature on the
rate of water absorbed. This was most pronounced at IDOcC
were K 1 values were the lowest (Table III). The unexpected
large increase in hydration rate observed at 100°C for all
treatments is probably attributed to changes in the properties of
the leaves at this temperature. Consistent with the hydration
curves of Fig. I, initial hydration rates as determined by 11K,
values, were highest for alkali blanched leaves (P S 0.00 I)
compared to steam blanched, water blanched, and unblanched
(control) leaves (Table III). Polyhydroxyl compounds e.g.,
glucose, sucrose, etc., have been reported to improve the
rehydration characteristics of fruits and vegetables (Neumann
1972).
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453

483
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465
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CONCLUSIONS

Table IV. Organoleptic evaluation (mean rank values) of
fresh and reconstituted cooked dasheen leaves.

Peleg's equation adequately described the water absorption
behaviour of previously blanched and unblanched, dehydrated
dasheen leaves at hydration temperatures of 60 to 100°C and
predicted the equilibrium, rehydration moisture contents for all
treatments. The water absorption capacities of the dehydrated
leaves or their equilibrium moisture contents, determined
inversely from Peleg's K2 constants were increased by alkali
blanching in magnesium carbonate followed by infusion for 4
h in a bath comprised mainly of sucrose (20%) prior to drying.
For such leaves, which increased in TSS content following
infusion, Peleg's K2 constant was the lowest. Initial hydration
rates, determined inversely by Peleg's KJ constants, increased
with hydration temperatures for all treatments but were highest

Sensory evaluation
Rank means for colour, aroma, texture, taste, and overall
acceptability characteristics of fresh and reconstituted, cooked
dasheen leaves are shown in Table IV. Reconstituted leaves
blanched in water prior to drying at 60°C had the lowest value
(P ~ 0.05) for colour (Le. most liked sample) with no
appreciable difference in aroma, compared to freshly harvested,
cooked leaves. A mean aroma rating of 1.58 was calculated for
cooked, fresh leaves (control) and 1.81 for reconstituted leaves
blanched in water prior to drying. Water blanched, dehydrated
leaves were rated as dark green by 89% of the panelists with
39% indicating a large difference in colour from freshly
harvested, cooked leaves. Alkali blanched leaves were
described as less pungent than the control by 78% of the
panelists and were ranked highest (least liked) for aroma (P ~

0.0 I). This suggests considerable leaching of the leaves' aroma
constituents during blanching and infusion and masking of the
leaves' aroma by the infused chemicals. No significant
differences in mean rankings between fresh and dried leaves
were found for texture, taste, and overall acceptability. The
results indicated a high level of acceptability of the dried
products as 61 and 71 % of the panelists expressed a willingness
to purchase the alkali blanched and water blanched, dried
dasheen leaves, respectively, if commercially available.
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for the alkali blanched leaves. Hydration ofdehydrated dasheen
leaves at 100°C is recommended. At this temperature,
reconstitution irrespective of pre-treatment was rapid and
occurred within 5 min of immersion. Blanching in water or
alkali prior to drying yielded dehydrated products which, when
reconstituted at 100°C, showed organoleptic properties (texture,
taste, and overall acceptability) comparable to freshly
harvested, cooked leaves. Water blanched leaves which were
dehydrated and then reconstituted showed excellent colour
compared to unblanched (fresh) or alkali blanched leaves as
judged by the panelists and water blanching prior to
dehydration appears to be the process of choice.
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b P ~ 0.05 (not significant)

Color

Aroma

Texture

Taste

Overall

acceptability

CANADIAN AGRICULTURAL ENGINEERING Vol. 42, No.2 April/May/June 2000 85


	42_2_001 30.pdf
	42_2_001 31
	42_2_001 32
	42_2_001 33
	42_2_001 34

