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absorb moisture and deteriorate. Taoukis, El
Meskine & Labuza (1988) also explained that
chemical inhibitors of non-enzymatic browning are
effective so long as the dehydrated food is stored
at low moisture content, low temperature, and low
humidity. To extend the shelf-life of foods which
readily absorb moisture, the use of packaging to
reduce or perhaps eliminate the transfer of
moisture into the foods has been suggested by
several workers (Okos et al., 1992).

This study was, therefore, carried out to
investigate some of the physical and chemical
changes that may occur during the storage of
dehydrated plantain slices packaged in two
common polymeric film materials.

Materials and methods

Dehydrated plantain samples

Freshly peeled plantain samples (var. French Horn)
at the ripening stage 3 (Medlicott, 1992), cut into
2 mm disc, were immediately infused in 40 °B
sucrose solution for 16 h, at 4 °C (Jayaraman,
1988). The 40 °B sucrose solution also contained
4 ¢ kg potassium sorbate and 2 g kg' of
potassium metabisulphite as a preservative and
also to inhibit non-enzymatic browning. The slices
were then finally air-dried to about 3.6 per cent
d.s. Thirty slices of the dried samples were
aseptically packed, with the help of sterilized
forceps, into rectangular pouches of polyethylene
{(low density) and polypropylene (metallized and
opaque), each about 148 mm x 125 mm, and
immediately sealed. The unpackaged samples, as
control, were kept in uncovered plastic cups. A
laboratory humidity chamber (LEEC Humidity
Chamber model SF3), set a 37 °C and 75 % RH
(obtained by placing a tray containing saturated
solution of NaCl inside the chamber), was used
for storage.

Analytical procedures

Moisture gain of the packaged plantain slices.
This involved methods as explained by Labuza
(1984). The weight changes (to the accuracy of +
0.1 mg) of the packaged plantain slices, at 2-week

intervals, were monitored. The methods of Davies,

Karel & Procter (1960) and Tubert & Iglesias (1985)

were used to determine the film permeability rates
of the packaging materials. Finally, the saturated
salts method (Speiss & Wolf, 1987) was used to
construct the moisture adsorption isotherm of the

dehydrated plantain, at 37 °C, for the a_range 0.1

t00.9.

Puncture force. The Steven's Texture Analyzer
was used to measure the puncture force of 20
plantain slices from three different packets of each
treatment, at 2-week intervals. Three well-spaced
penetrations were made half-way between the
midsection and the edge of each plantain slice by
the cylindrical probe 4 mm in diameter and 20 mm
long with flat end (TA40), and travelling at a speed
of 3 mm/min to a distance of 3 mm. The puncture
forces recorded at the three points were averaged
and recorded as a measure of the firmness of the
plantain slice at the time of measurement.

Colour measurement, non-enzymatic
browning, and other chemical analyses. The
CIELAB colour parameters, L*, a*, and b* values
(MacDougall, 1988) for 20 dehydrated plantain
slices from each treatment were continuously
monitored, at 2-week intervals, by a Hunter Lab-
Colorquest spectrophotometer (Beckman DU-2).
Because of illumination and colour variations on
the fruit surface, the colour of each slice was
measured at three points and the average taken.
Non-enzymatic browning (Abdelhaq & Labuza,
1987), at 2-week intervals, and ascorbic acid
(Joslyn, 1970), at monthly intervals, were also
determined spectrophoto-metrically. Once a
month, the total acidity was also measured as malic
acid (AOAC, 1984).

Statistical analysis. Analysis of variances and
means among the plantain slices stored in the two
packaging materials as well as the un-packaged
slices were calculated. Duncan's multiple range
test was used to determine significant differences
(P<0.01).

Results and discussion
The following mass transfer equation and the
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moisture adsorption isotherm of the dehydrated
plantain (Fig. 1) (Labuza, 1984) were used to gen-
erate the moisture gain curves (Fig. 2).

m -m, A P
ln'r=ln[‘ ']=K—-—-"t
me-m Wv b

where 1= the unaccomplished moisture ratio; m_
= the equilibrium moisture content at the prevailing
temperature and humidity in the storage chamber;

m, = initial moisture content of the dehydrated
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plantain slices; m = moisture content at any time,
¢, during the storage period (all in kg H,0 kg
d.s); K= film permeability and was estimated as
0.072 and 0.141, all in g H,0O/day m> mm Hg, for
polypropylene and polyethylene, respectively; 4
= total surface area of the package was 3.42 x
102 m?; W_,the weight of dry solids =28.5 x 10°
kg; P, = vapour pressure of pure water at 37 °C
was calculated as 36.27 mm Hg; and b = isotherm
slope. The isotherm slope, estimated to be 0.285
kg H,O kg d.s. per a_unit, was determined from

Fig. 1 (Labuza, 1984) atacritical moisture

40

MOISTURE (% dry solids)

] content of 15.6 per cent d.s. This
moisture was found to correspond to
the stage when the unpackaged
plantain slices, used as control in the
study, began to turn brown.

In Fig. 2, the slower rate of moisture
gain by the plantain slices in
polypropylene compared to those in the
polyethylene pouches can be attributed
to the better moisture-barrier properties

0.5 0.23 [URR] 0.44 0.58 0.75 0.78

WATER ACTIVITY

Fig.1. Moisture adsorption isotherm of dehydrated plantain sam-
ples (pre-treated by moist-infusion using 40 °B sucrose) at

a.84

of polypropylene. At90% RH, the water
vapour permeabilities, at 37 °C, for
polypropylene and polyethylene are 5
and 20 g. mil/m2% 24 h, respectively
(Saravacos, 1995). The levelling off of

0.9

°C. . .

3:7 the rate of moisture gain from the 16th

2 ¥ ‘; week of storage is due to a gradual

g -0~ Polyethylenc i P P .

S e e oy decrease in the driving potential for the

= 28 4 moisture transfer, which is the difference
SET o, 3 between the water activities of the
E ; ' combined air and plantain slices inside
§ § g the packages and immediate
X332 SoTe .
328 surrounding air outside the packages.
B é wl The relatively slow rate of moisture
S in by the dehydrated plantain sli
PE gain by the dehydrated plantain slices

= INT! stored in polypropylene pouches as

R .

&3 compared to those in polyethylene

Ty — seems to have influenced the trends in

{ ‘Me

STORAGE TIME (week)

Fig. 2. Moisture gain by dehydrated plantain slices stored in
polyethylene and poiypropylene pouches at 37 °C and 75 %

RH.

L texture (Table 1). This observation

agrees with the explanation of Bourne
(1987) that the a  has a major effect on
the texture of a food during storage.
Table 1 also indicates that by the end
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TABLE 1
Puncture Force, Moisture Content and Estimated a,, for Dehydrated Plantain Slices
Stored in Two Packaging Materials at 37 °C and 75 % RH
Storage
time Polypropylene Polyethylene No packaging
Puncture  Moisture  Estimated Puncture Moisture Estimated Puncture Moisture Estimated
(week)  force content a, Sforce content a, Sorce content a,
(kgf) (% d.s) (kgf) (% d.s) (kgf) (% d.s)

0 (initial) 3.98a 3.61 0.21 3.982a 3.61 0.21 3.98a 3.61 0.21
2 3.81b. 4.89 0.28 3.62ab 6.23 0.43 298¢ 8.82 0.58
4 3.64ab 6.12 0.42 3.41bc 10.8 0.56 2.05d 16.8 0.75
8 3.53abc 7.18 0.51 3.08 13.1 0.62 1.87f 17.9 0.79
12 3.34abd 11.1 0.58 2.87de 15.2 0.74 1.51abd  20.8 0.80
16 327abe 13.5 0.62 2.58adc 15.7 0.76 1.15ade 21.2 0.82
20 3.l14g 14.7 0.69 2.33adf 16.2 0.77 098ag 21.7 0.82
24 3.11g 14.5 0.71 2.19adg 16.7 0.78 0.96ag 225 0.84

Mean values (for the puncture force) in rows or columns with different letters differ significantly from each other

(P<0.01).

of the 6 months of storage, the decrease in the
firmness of dehydrated plantain slices kept in
polypropylene was only about 22 per cent of the
original compared with the 45 per cent decrease
for plantain slices stored in polyethylene pouches
and 75 per cent for the unpackaged plantain slices.
The estimated water activities were obtained from
Fig. 1. Table 1 further indicates that the a_ of the
unpackaged dehydrated plantain slices equili-
brated with the humidity conditions within the
storage compartment after 4 weeks of storage.
Table 2 gives the trend for the reduction in
brightness and yellowness of the dehydrated
plantain slices in the different packages as
polypropylene <polyethylene<no-packaging. It
was observed that the plantain slices became less
yellow, more red, and slightly darker than the
freshly dehydrated slices as storage progressed.
The. change in colour is most probably due to
non-enzymatic browning. Non-enzymatic
browning in dehydrated foods is caused mainly
by the Maillard reaction, which is a series of
condensation reactions involving reducing sugars
and amino group (O'Brien & Morrisey, 1989). The
moisture level of the food most probably

influenced the observed trend because the rate of
moisture gain by the dehydrated plantain slices
in the different packages also followed the same
trend (Fig. 2). Thus, the rates of moisture gain
and the extent of non-enzymatic browning in
plantain are directly correlated.

Legault ef al. (1947) and Mizrahi, Labuza &
Karel (1970) have established models correlating
the rate of non-enzymatic browning with the mois-
ture contents in some vegetables. Based on this
principle, one would have expected the rate of
decrease in brightness and the rate of non-
enzymatic browning in plantain slices packaged
in the polyethylene pouches te be better correlated
than those in the polypropylene pouches. The
fact that the values for brightness (represented
by the chroma in Table 2) and trends in non-
enzymatic browning (Fig. 3) show otherwise may
be attributed to several factors.

Firstly, the water activity of the plantain slices
in the polypropylene pouches during 6 months
storage only managed to reach the intermediate
range (Table 1). For most dehydrated foods, the
rate of non-enzymatic browning is at its maxirmusm
around a, = 0.65 (Labuza, 1984). The relatively
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TABLE 2

Colour Parameters a*, b*, Chroma and Hue Angles for Dehydrated Plantain Slices
Stored in Two Packaging Materials at 37 °C and 75 % RH

Storage
time Polypropylene Polyethylene No packaging
(week) a* b* Chroma Hue a* b* Chroma Hue a* b* Chroma Hue

angle angle angle

0 (initial) 4.51 24.8 253 79.7 451 2438 25.3 79.7 4.51 24.8 253 79.7

0.5) (L.5) 0.5) (1.5 0.5 (1.5

2 481 249 252 791 4.89 227 232 77.8 521 222 228 768
0.4) (2.5 0.3) (1.5) 0.5 (2.1)

4 485 242 247 788 498 213 219 768 5.86 202 209 73.8
(02) (2.3) (1.1 (1.8 0.8) (2.2)

8 521 232 238 775 501 209 21.5 765 6.46 18.7 197  70.9
02) 3.1 0.7y (1.6) (1.1)  (2.6)

12 6.47 227 236 741 583 189 19.7 72.8 7.45 16.5 18.1  65.6
0.5) (2.9 0.3) (1.8) (12) (2.2)

16 6.85 222 232 729 6.26 161 173 68.8 812 12.5 149 57.0
02) (2.3 0.8) (1.3) (1.1)  (2.4)

20 7.14 22,1 232 720 652 157 169 674 848 9.5 127 483
0.3) (2.3) 0.3) (1.4) (1.3)  (1.9)

24 722 219 231 718 693 155 169 659 894 89 12.6 449
0.2) (1.1 0.5 1.4 (1.3) (1.5)

Chroma = (a*? + b*?) and Hue angle = tan"' b*/a* (MacDougall, 1988). Values in bracket ( ) are the standard
deviations. Chroma = Brightness and Hue angles = Yellowness of the dehydrated plantain slices.

high amounts of moisture absorbed by the plantain  stored in polyethylene will absorb moisture easily,
slices stored in the polyethylene as compared to  those stored in polypropylene may be
those in the polypropylene pouches may have  unacceptable because of non-enzymatic browning
caused a dilution effect reducing the extent of  after 4 months.
browning (Labuza, 1984), and perhaps
minimizing the decrease in brightness. 3 T T e T T e e
. ) . O~ Polycthylene i
Secondly, the decrease in brightness 1s s o Polypropylene i
probably not directly related to the
development of non-enzymatic browning in
the plantain slices, but rather to some other
biochemical reactions. Brightness and
browning are two important quality indices
which will influence the acceptability of
dehydrated plantain products. This
observation suggests that polypropylene is a 0 . RS
better packaging material than polyethylene 0z 4 6 B 0 12 M 16 W w2 ou
for increasing the shelf-life of dehydrated Svorace Time (week)
plant.a.m S|lC(.§S,' at normal ambient tropical Fig. 3. Non-enzymatic browning in dehydrated plantain
conditions, within the first 4 months of storage. slices stored in polyethylene and polypropylene
Because whilst dehydrated plantain slices pouches at 37 °C and 75 per cent RH.

—&— No-packaging

0.D. 420 nm /g d.s x 102
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The total acidity and pH of the dehydrated
plantain slices from the three treatments remained
almost constant at 3.2 and 5.3 mEq, respectively.
This means that no fermentation or rancidity
occurred during the storage. The microbial status
of the plantain slices did not also change. This
indicates that the potassium sorbate at the
concentration used during the pre-treatment was
adequate for preserving the plantain slices.

The ascorbic acid content of the fresh plan-
tain reduced from an iniial value of 260 pg/g dry
weight basis of the plantain to 95 ug/g just after
dehydration. This is because most of the
thermolabile ascorbic acid leached out during the
pre-treatment by moist-infusion. It was noted that
the type of packaging did not significantly
(P>0.01) affect the content of the remaining ascor-
bic acid during storage. It is not clear why this
happened, because the increase in a_ during
storage should have further reduced the ascorbic
acid content. Labuza (1972) has suggested that
elevated a  may act to lower the activation energy
for ascorbic acid destruction. Perhaps the short
duration for storage did not allow significant
decreases in ascorbic acid content to be detected.
However, the potential for further reduction is
worrying, because the recommended daily
allowances of ascorbic acid for humans range from
I'5 to 60 mg, depending on age, sex, and
physiological status (Pyke, 1979). Thus, if the
dehydrated plantain slices are, for example, to be
used in the preparation of weaning foods for
babies, the preparation may be fortified with a
rich source of ascorbic acid.

Conclusion
The study showed that some adverse physico-
chemical changes that dehydrated plantain slices
may undergo during storage can be minimized by
packaging in pouches of either polypropylene or
polyethylene. Both packaging materials can

significantly reduce the rate of moisture gain, the

decrease in firmness, the tendency to become
blackish red, and the extent of non-enzymatic
browning. They therefore enhance the overall

acceptability of dehydrated plantain.
Polypropylene packaging material, which has a
lower film permeability, reduces the changes in
these properties much better than polyethylene
of the same thickness and dimensions.
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