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Abstract

Dextrinization of sweet potato and its effect on physicochemical and sensory quality of mango-sweet potato
leathers was studied. Sweet potatoes were dextrinized in an oven at different temperatures (150-200°C) and time
(2, 2.5 and 3.0 h) for optimization using completely randomized design. Maximum dextrin of 19.41 was formed at
190-200°C. Water activity and pH ranged from 0.61-0.63 and 4.2-4.33 respectively and vitamin C increased with the
addition of sweet potato. The overall acceptability was high (1.58-1.63) but non-significant (p < 0.05) with the amount
of sweet potato added. The mouth feel was disliked slightly (4.06-4.40) by panellists but colour, smell and taste
were rated high (1.00-0.97). Dextrinization of sweet potatoes could be considered as an excellent substitute in food
applications like fruit leathers production and hence provide alternative products for health conscious consumers.

Keywords: Dextrinization; Mango; Physico chemical; Postharvest;
Sensory; Sweet potatoes

Introduction

Mangoes (Magnifera indica L, keitt variety) are produced in
considerable quantities and consumed locally, but are seldom processed.
Alzamora et al. [1] reported that about 30-50% of fruits and vegetables
in developing countries like Ghana are never consumed due to losses
during storage and transportation. Mangoes (Magnifera indica) have
shelf life of 3 to 4 weeks in good condition at low temperature of 10-
12°C. Nonetheless, World trade in fresh mango fruit is restricted by
the highly perishable nature [2,3] and as such reduces availability
and increases per unit cost of transport and marketing [4]. Therefore
without processing, the losses will even rise with increased production
rates.

The sweet potato (Ipomoea batatas L.) is also an important source
of carbohydrate, taking the fourth place after rice, corn, and cassava.
Generally, the tubers are consumed in fresh form, cooked by frying or
boiling and can also be used as a raw material for the feed industry [5].
Nutritionally it contains beta carotene, vitamin C, niacin, riboflavin,
thiamin, and minerals [6]. Extended shelf life for sweet potatoes can be
obtained when dextrinized and added to mangoes in the production
of fruit leathers. This will also increase the market visibility of sweet
potatoes.

Dextrinization, also known as pyroconversion, refers to partial
depolymerization achieved through hydrolysis and recombination
in a branched manner. Dextrinizing sweet potatoes through baking
causes hydrolysis of starch by endogenous enzymes into maltose [7]
and longer chain polysaccharides. The extent of hydrolysis is normally
expressed in terms of the “dextrose equivalent” (DE), which is the
measure of the total reducing power of the sugars present relative to a
dextrose (D-glucose) standard, on a dry mass basis. In the dextrinized
form, the sweet potato can be useful as binding and “sweetening” agent
[8] in fruit leather production.

Fruit leathers are made by drying fruit puree or a mixture of fruit
juice concentrate and other ingredients on a flat surface in an oven or in
direct sunlight [9-11]. In the preparation of fruit leathers, additives such
as starch, high fructose corn syrups and sugar are used [12]. According
to Xuguang and Fu-Hung [13], these additives are known to cause
deterioration of quality parameters during storage and increase caloric

content of leathers. To meet the needs of health conscious consumers,
it has become necessary to introduce dextrinized sweetpotoes which is
“natural” into the production of fruit leathers.

Hence the objective of this work was to determine the extent
of sweet potato starch dextrinization and its effect on the physico-
chemical and organoleptic quality characteristics of infra-red dried
fruit leathers.

Practical applications

Although mangoes can be used during different stages of growth,
maturity and ripening by processing industries in Ghana, export of
fresh mangoes is continuously increasing. The Export Development
and Investment Fund aimed at supporting farmer-based organizations
to facilitate the cultivation of mango for export across four regions in
the country could be channelled into producing fruit leathers. Making
fruit leathers from mangoes and sweet potatoes would reduce the
export weight and increase export returns than when whole mangoes
are exported. The result of the study on manufacturing of mango-sweet
potato leather will improve on the marketability of mango and sweet
potato which will improve the financial status of farmers. Nutritionally,
children and adults alike will have access to instant energy. Health
conscious individuals will have a choice for low calories snack like
mango-sweet potato leather.

Materials and Methods
Sample preparation

Freshly harvested mangoes (Keitt variety) were obtained from the
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Faculty of Agriculture, KNUST and sweet potatoes (Faraa variety) from
the Kumasi Central Market. Sweet potatoes were wrapped in black
polythene bags and exposed to the sun with mean solar irradiance of
413.75 W/m? [14]. The sweet potato (2 kg) was baked in an oven for
2 h, 2.5 h and 3 h at 150-220°C to convert the starch to dextrins. The
edible portion was scooped after cooling to 30°C and homogenized
in an electric blender (Philips Co. Ltd. Model HR2021). Fully ripe
mangoes (1 kg) were washed, peeled and manually cut into pieces with
a knife. The sample was pureed with 1tablespoonful (2 ml) of lemon
juice, 0.1% sodium benzoate and 0.2% citric acid at low speed using a
blender (Philips Co. Ltd. Model HR2021). Afterwards, it was poured
into a stainless steel container and placed in a water bath at 80°C for 30
min to deactivate the enzymes.

Development of mango-sweet potato leather

The mango puree and the sweet potato slurry were mixed in the
following ratio: 70:30 g, 80:20 g and 90:10 g were added respectively to
obtain a homogenous mixture of 100g. The mixture was then poured
into aluminum trays of 7 mmx7 mm which had previously been
washed, dried and coated with glycerol. Drying was done in triplicates
in a Bruest Flameless Gas Infrared Catalytic Heater (Catalytic
Industrial Group, model SR-12) at 45°C, 50°C and 55°C. However,
physico-chemical analyses were conducted on leathers dried at 50°C
due to energy considerations. The leathers were rolled in an Al foil and
packaged in cellophane film for analyses.

Dextrins determination

Dextrins were determined as material insoluble in 80% (v/v)
ethanol. Alcohol insoluble solids were measured on 25g samples of
slurry extracted twice with 100 ml of hot 80% ethanol in water bath at
65°C. The sample was left overnight and alcohol decanted followed by
drying of the residue at 95°C in an oven according to the methods used
by Walter, Purcell and Walter [15,16]. The percentage dextrinization
(Dex) of starch was calculated as:

Weight of material insoluble in alcohol y
Weight of fresh sample

%Dex = 100

Determination of total soluble solids (°Brix)

Total soluble solids were determined using the analogue hand held
refractometer (Atago Co. Ltd. Model Master-Pa,) with accuracy of Brix
+0.2% (10 to 30°C). Distilled water and test solution of known sucrose
concentration was used to calibrate the instrument. Readings were
done in duplicates and averaged for analysis.

Determination of dextrin’s DE-value

To 1 g of slurry, 50 ml distilled water was added and filtered. An
aliquot of the filtrate was transferred to a tube containing 0.5ml of
3,5-dinitrosalicylic acid to measure the content of reducing sugar with
glucose as standard [16,17]. DE value was calculated using the equation

Reducing sugar content( glucos e) 100
X

DE(%) =
Total solids content

Proximate analysis

The proximate analysis on the fresh and dried samples was
conducted on wet basis at the Department of Biochemistry and
Biotechnology Laboratory at the Kwame Nkrumah University of
Science and Technology. The moisture content, crude protein, crude
fat, crude fibre, carbohydrate and ash were determined according to
AOAC methods [18].

Determination of vitamin C (total ascorbic acid) content

Metaphosphoric acid-acetic acid solution (5 ml) was pipetted and
added to 2 ml ascorbic acid standard solution in Erlenmeyer flasks
in triplicates. Blanks as well as the sample (2 ml) were prepared from
indophenol dye solution titrated against the standard ascorbic solution
in the flask until a distinct rose-pink colour formed and persisted for
more than 5s. This was done in triplicates and the initial and final
readings of the burette was taken and used to calculate the average titre
of dye used [19].

Measurement of colour

Fully dried leathers were evaluated for color using the
chromameter (Minolta Co. Ltd., model CR 310) at the Food Research
Institute laboratory in Accra. The chromameter was calibrated using
a white tile which gave L*=76.5, b*=3.23 and a=5.45 as standards. Six
measurements were performed on each sample at different positions
and the mean values used.

Sensory evaluation procedure

Sensory evaluation was conducted using 50 untrained panelists
recruited from within and around the Kwame Nkrumah University of
Science and Technology campus. The panelists were introduced to the
sample and individual five point hedonic rating scale for four attributes
viz., colour, aroma, taste and overall acceptability. They were allowed
to chew samples, as each desired and rinse the mouth with water in-
between tasting. Panellists scored using a five point hedonic scale, in
which I: represented like very much, 2: like slightly, 3: neither like nor
dislike, 4: dislike slightly and 5: dislike very much.

Results and Discussion

Dextrin and dextrose equivalent (DE) values determination

The DE of sweet potatoes before curing was found to be 10.32 with
no dextrins and after curing this value increased to 11.86. According
to Nabubuya et al. [20] curing and storing sweet potatoes at ambient
conditions generally register the highest amylase activity. Further
findings reported by other researchers show that curing under direct
sunlight (28-30°C, 85-90% relative humidity) increase amylolytic
activity [21,22]. This explains the increases in DE observed after curing
sweet potatoes.

Dextrins, which are made up of mixtures of polymers of D-glucose
units linked by la>4 or la>6 glycosidic bonds are formed during
hydrolysis of starch. The results of the amount of dextrin formed and
dextrose equivalent (DE) are presented in table 1. Generally, dextrin
formation was affected significantly (p<0.5) by temperature and time
of baking. From table 1, dextrin formation increased at all temperature
ranges except for 200-210°C and 210-220°C where dextrin formation
was found to decrease with increased time of roasting. Dextrin and
dextrose equivalent values were optimal (32.91 and 19.49 respectively)
at 190-200°C. However no significant differences (p<0.05) were found
for DE values within the temperature range of 200-220°C. Optimum DE
values were obtained at 190-200°C. This result is quite similar to earlier
research by Walter [16] who found that the optimum temperature for
dextrinizing sweet potato starch through roasting is 191°C for 2.5h.
Baking temperatures above 200°C resulted in burnt outer skin of
roots and partial cooking of inner portions. This was associated with
water leaching from tubers. This leaching, according to literature is
accompanied with soluble amylose which resulted in cohesiveness of
such tubers Alais and Linden, Hoover, Moorthy [23-25].
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Temperature (°C) Time (h) Dextrins (%) @ Dextrose equivalent

2.0 15.96 + 0.5° 14.21 £ 0.22

150-160 25 16.34 £ 0.2° 14.05 + 0.22
3.0 16.22 + 1.6° 14.52 + 0.5°

2.0 14.45 + 2.0° 14.57 + 0.4°

160-170 25 17.38 £ 0.7° 14.60 £ 0.1°
3.0 18.00 £ 1.3° 14.81 £ 0.8°

2 16.97 £ 0.9° 15.50 + 0.6°

170-180 25 18.43 £0.2° 15.78 £ 0.4°
3.0 20.65+2.1° 15.80 £ 0.1°

2 19.45 + 0.4° 17.77 £ 0.3°

180-190 25 21.67 £1.7° 17.54 £ 0.7°
3.0 23.23+2.5° 17.89 £ 0.4°

2.0 32.89+0.3° 19.08 £+ 0.22

190-200 25 32.91+0.8° 19.49 £ 0.7°
3.0 32.90+0.42 19.56 + 0.5°

2.0 30.50 + 2.8° 19.00 £+ 0.3°

200-210 2.5 30.01+0.3° 19.43+0.3°
3.0 27.80 +0.9° 19.20 + 0.8°

2.0 27.83+2.1° 19.30 +0.3°

210-220 25 27.29+1.8° 18.06 + 0.12
3.0 27.00 £ 0.9° 19.22+0.12

Means in the same column followed by the same letter are not significantly different
from each other at p< 0.05.

Table 1: Effect of temperature and time on dextrin formation and dextrose
equivalent values of baked roots.

The DE values obtained in table 1 indicate that maltodextrins were
formed [26]. Maltodextrin is classified as a complex carbohydrate, but
acts like a simple carbohydrate in the body [27]. This suggests that
mango-sweet potato leathers will provide immediate source of energy
to consumers.

Physicochemical parameters of infra-red dried leathers

Infra-red dried leathers were evaluated for pH, acidity, water
activity, colour and vitamin C content and the results represented in
tables 2 and 3. Water activity values were within the range of 0.61-0.63.
Water activity affects the shelf life, safety, texture, flavour, and smell
of foods and is a key factor in microbial growth [28]. The minimum
water activity required for microbial growth is 0.60 [29] and the values
obtained in this study are non-significant (p<0.05) from this value. This
suggests that leathers produced by infra-red catalytic dryer in this study
will not allow bacterial growth but may have mould or yeast growth
with increased storage period (Table 4).

The pH of the leathers ranged from 4.20-4.33 but was nonsignificant
(p< 0.05). An increase in pH was recorded for all the samples with
increase in sweet potato substitution. This shows that the pH of the
sweet potato mash (Table 5) influenced the overall pH of the mixture
with differing amounts of the mash. The acidity values ranged from
0.37 and 0.44 as observed in table 2. Several shelf stable fruit leathers
have been reported in literature with similar values for pH and acidity.
These include, guava; pH, 3.57-3.98 and acidity, 0.42-0.48 [30, 31] and
mango with pH value of 3.8 and acidity of 0.3-0.75 [32].

The vitamin C content of leathers with 30% sweet potato (444)
was found to be significantly different from only mango, 10% and 20%
sweet potato (p > 0.05). This indicates that sweet potatoes, with vitamin
Cvalue of 8.3 + 1.7 mg/100 g (Table 5) increased the vitamin C content
of the leather. Comparatively, the difference in initial and final contents
of vitamin C (initial: 25.6 + 2.5 mg/100 g, final: 17.49 + 0.90 mg/100 g)
content in leathers is lower than other values recorded for banana [30]
using sun drying and pawpaw and guava leathers using the oven dryer
[33]. This shows that the shorter drying time that accompanies infra-
red drying results in high vitamin C retention in leathers.

The L* values obtained for leathers in table 2 were not significant
at p<0.05. Comparing these values to the standard (L=76.5, b=3.23,
a=5.45), the L* values decreased slightly (59.01-61.88), b* values
increased drastically (38.98-47.08) and a* values increased by a factor
of about 2. This shows that the leathers had a bright yellow colour
which is in conformity with the values reported in literature [34,35].
In general, the values obtained indicate that the leathers are of quality
in terms of vitamin C content, colour (yellowness) and water activity.

Consumer affective testing on mango-sweet potato leathers

From Table 4, the colour of the fruit leather was not significant
(P<0.05). Incorporation of 10-30% sweet potato did not have much
effect on colour as was indicated by respondents (Table 4; Plate 1). On
average, the colour of the fruit leather with 10, 20 and 30% dextrinized
sweet potato was liked very much by all respondents. Higher values
(4.06-4.40) recorded for mouth feel indicates panelists disliked slightly.
This is because, most panelists commented it was their first time taking

Colour
Sample code T a* b*
444 61.88°+0.17 12.992 £ 0.03 38.98% +0.42
908 61.08°+ 0.09 13.66° £ 0.08 43.97° +0.23
648 59.372 £ 0.10 14.90°+ 0.12 44.08° +0.19
183 59.012 + 0.56 14.082 + 0.10 47.77° £ 0.35

L: lightness, a: redness, b: yellowness Standard (L=76.5, b= 3.23, a= 5.45).

Table 2: Colour parameters of mango and mango-sweet potato leathers.

S‘a:::’r.:e pH Water activity Acidity (9/100g) Vitamin C (mg/100g)
444 420+2.8* 0.61+3.8° 0.37 +5.20° 17.49 £ 2.11°
908 4.32+0.22| 0.62+4.2° 0.40 + 0.55° 16.60 + 0.722
648 430+04* 0.63+3.9 0.44 +0.53* 16.58 + 1.342
183 433+0.3* 0.61+3.0° 0.42+0.722 16.00 + 0.90°

Values in the same column followed by the same letter are not significantly different
(Turkey; p < 0.05). 183: only mango; 908: Mango + 10 % SP; 648: mango + 20 %
SP; 444: mango + 30 % SP

Table 3: Physicochemical stability of mango and mango-sweet potato (sp) leathers.

Sample code Sensory attribute
Colour Mouthfeel Taste = Smell Overall acceptability
908 1.00¢ 4.44° 1.972 | 1.72° 1.582
648 1.20¢ 4.06° 190  1.59° 1.522
183 1.30¢ 3.952 1.008 = 1.84° 1.672
444 1.00 2 4.24> 1.67° | 1.55° 1.632

Values in the same column followed by the same letter are not significantly different
(Tukey; p < 0.05). 183: only mango; 908: Mango + 10 % SP; 648: mango + 20 %
SP; 444: mango + 30 % SP

Table 4: Effect of dextrinized sweet potato on sensory qualities of leather.

183: only mango; 908: mango+10%SP; 648: mango+20%SP; 444:
mango+30%SP

Plate 1: Mango and mango-sweetpotato leathers.
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pH TSS (°Brix) Acidity
10 20 10 20
Percent SP 30 30 10 20
MSP 43+21 44+07 182%1.2 20.0%31 04+08 044+0.4
4.6 £0.3 231%0.8 0.43%2.0
MP 42+01 15.5+1.0 0.37+1.8
SP (Fresh) 6.4 0.1 9.3%22 0.39%0.3
SP (Baked) 6.4 0.2 17.6 0.39%0.6

MP: mango pulp, MSP: mango-sweet potato pulp, SP: sweet potato pulp.

Vitamin C (mg /100 g) Protein (%) Fibre (%) Ash (%) Moisture (%)

30 10 20 30

17.52+3.217.94%29

18.08 3.6
0.38

17.3+£25 0.62+0.3 0.33+0.2 0.2 88.32+0.6
041+

8.3%17 0.78+0.2 04420 0.9 62.67 £ 1.1
0.40 =

55+0.6 0.77+£27 04413 0.5 48.42+0.4

Table 5: Physico-chemical properties of fresh mango, baked sweet potato and sweet potato pulp.

Parameter

Moisture (%)
Crude protein (%)
Crude fat (%)
Crude fibre (%)
Ash (%)
Carbohydrate (%)

Mango-sweet potato leather

Mango-leather

15.4 +1.2 15.0 £ 1.60
2.30+0.5 2.25+0.92
0.38+£2.0 0.55+ 0.03
3.06+0.4 2.82 +£0.04
2.83+0.2 2.06 £0.25
76.03 £ 0.3 77.32 +0.62

Table 6: Proximate composition of mango and mango-sweet potato leathers.

this type of snack hence, were not used to the chewy nature of the
leathers. The low sugar content of the leathers could be a factor since it
is known to increase leather chewiness, [31]. Nevertheless, respondents
stated that the sugar content was alright. The taste recorded values from
1.00 to 1.67 which represent like very much to like slightly.

The overall acceptability (1.58-1.63) of mango fruit leather was not
significantly affected (P < 0.05). This shows that 30% dextrinized sweet
potato can be used in mango leathers production without consumers
detecting any change when compared with leathers made from mangoes
only. General comments by panellists indicated that laboratory made
mango-sweet potato leather was “aesthetically appealing (Plate 1), very
fruity, and sweet”.

It will therefore be prudent for fruit leather producers to use cured
and dextrinized sweet potatoes especially in low income countries
like Ghana since it has the potential for competing with commercial
leathers when properly packaged.

Proximate composition of leathers

Foods show extended variability in composition (mainly water,
proteins, carbohydrates, fat, ash, and fibre) and structure, and can
be turned into even more complex composite materials when heated
[36] as in the case of mango-sweet potato leather. In table 5 some
physico-chemical parameters of the raw materials have been outlined.
Proximate analysis was carried out on the leather with 30% sweet
potato after sensory analysis to ascertain its moisture, protein, crude
fat, crude fibre, ash and carbohydrate composition (Table 6).

The moisture content of mango-sweet potato leather (15.4%) was
lower than that recorded for guava and mango leathers; 18.47% and
2.10% respectively as reported by Ashaye et al. [33]. Additionally,
moisture of jackfruit leathers dried in the cabinet, oven and solar dryers
respectively had moisture contents of 18.85%, 14.79% and 18.5% [37].
Comparison of these results to value obtained in this work shows the
effectiveness of the infra-red dryer in dehydration.

The protein content of the baked sweet potato (Table 5) could be
the reason for the rise in protein content of the mango-sweet potato
leather (Table 6) although the increase was not significant at p < 0.05.
The disparity in literature values of crude protein content of sweet

potatoes (0.71-0.09%) [38] could result from the variety, the growth
conditions and experimental setting.

The increase in crude fibre in leathers may be attributed to the
contribution of fibre from the sweet potato (Table 5). The amount of
fibre in the sweet potato used was higher (0.44) than literature values
(0.12-0.14%) [38], (2.01-3.87 g/100 g) [39]. Crude fibre is a measure
of the quantity of indigestible cellulose, pentosans, lignin, and other
components of this type in processed foods. These components provide
the bulk necessary for proper peristaltic action in the intestinal tract.
Hence higher value for crude fibre in mango-sweet potato leather is
expected to contribute to proper leather digestion.

The ash content ranged from 0.26-0.28% and no trend was observed
for the various temperature ranges. This implies that temperature and
the percentage of sweet potato had no effect on the ash content of
leathers. The ash content is a measure of the total amount of minerals
present within a food. High mineral contents are sometimes used to
retard the growth of certain microorganisms and can have beneficial
effects on the physicochemical properties of foods.

Overall, the initial proximate values of the raw samples had
influence on the final values of the dried leathers and can be inferred
that the quality of the raw material cannot be improved during and/or
after processing.

Conclusion

Starch in sweet potato is dextrinized at 190-200°C for 2.5 h. Baking
at temperatures above 200°C resulted in leaching of amylose along with
its natural moisture which leads to a reduction in dextrin formation.
Water activity and pH ranged from 0.61-0.63 and 4.2-4.33 respectively
and vitamin C increased with the addition of sweet potato. The overall
acceptability of mango-sweet potato leather was high (1.58-1.63) but
not significant (P < 0.05) by the amount of sweet potato added. This
research has shown that improvement of native sweet potato can
be achieved through dextrinization and hence could be considered
as an excellent alternative in food applications like in fruit leathers
production.
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