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Abstract
Fruits, due to high moisture content, deteriorate quickly when not adequately preserved. Drying,
a common preservation method, will affect quality of final product if not properly controlled.
Pretreatments prior to drying have been established as a way of retaining product qualities. This
study investigated the effect of pretreatments on the qualities of dried African star apple flesh.
African star apple fleshes were sliced (2, 4, 6 and 8 mm) and subjected to pretreatments
[blanching (80 °C for 8 min), lime juice (100%), ascorbic acid and salt solution (1:25 w/v)7].
Untreated samples served as control. Samples were dried in cabinet dryer (50, 55 and 60 °C) at 2
m/s constant air flow-rate, monitored at intervals, until constant weight was obtained. Ascorbic
acid and colour measurement of the fresh and dried sample were determined using standard
method. The moisture contents of the African star apple flesh were observed to reduce from a
mean value of 70.44%, 71.55% and 73.24% to 2.38%, 1.91% and 3.23% at temperatures of 50, 55
and 60 °C, respectively. The total drying time ranged between 7 to 8 h. Colour of the dried
African star apple was significantly preserved by the pretreatments used, and low overall color
change (AE) was obtained at the lowest drying temperature (500C). The ascorbic acid and lime
pretreatments however had better colour overall. Lime pretreatment for 2 mm thick at 50°C gave
the best result in terms of ascorbic acid retention. Hence, lime juice pre-treatment has potentials

of retaining quality of dried fruits.
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Contribution of this paper to the literature
This study contributes to existing literature by investigating the effect of pretreatments on the qualities
of dried African star apple flesh.

1. Introduction

The preservation of fruits and vegetables are essential for extending the shelf life and quality of the product.
Preservation technologies include drying, canning, dehydration and others. Among these, drying (dehydration) is
especially suited for developing countries with inadequate facilities. It offers a highly effective and practical means
of preservation which reduces post-harvest losses and off-set shortages in supply [17]. African star apple
(Chrysophyllum albidum) is a forest fruit tree commonly found throughout tropical Africa. It has a fleshy flesh of the
fruits which is popularly consumed. The flesh can taste either very sweet or sour. The variation of the fruit colour
is said to be correlated with the flesh taste.

The covering of the sweet fruits are seen to be yellow while that of the sour ones are usually a mix of yellow
and green colours when mature [27. It is of great economic value due to its diverse industrial, medicinal and food
uses. The fruits are not only consumed fresh but also used to produce jam, jellies, stewed fruit, marmalade, syrup
and several types of soft drinks. It is also used for medical purposes due to properties of stalk and fruits. The leaves
and seed of some of these fruits and vegetables are used in pharmaceuticals [37.

Pretreatment of fruits prior to drying is highly recommended because it helps to keep light-coloured fruits
from enzymatic browning during drying and storage. It also speeds the drying of fruits with tough skins, such as
grapes and cherries [47]. Different pretreatment methods have been developed for fruit drying, amongst which are
lemon juice, salt solution, honey dip, ascorbic acid, sulfuring, osmotic pre-treatment and blanching [57. The
objectives of this study were to investigate the effects of pretreatments on the qualities (colour and ascorbic acid
contents) of dried African star apple flesh.

2. Materials and Methods
2.1. Experimental Procedure

The African star apples were sorted to remove over-ripe and damaged ones. The fruits were thoroughly
washed and peeled before cutting into slices for drying. The flesh of the fruits was cut, using a simple improvised
grater, into thin slices of 2, 4, 6 and 8 mm thicknesses. The average initial moisture content of the tropical almonds
was determined using AOAC [67] methods as 71.74 %, wet basis.

2.2. Pretreatment of the Samples

The samples were pre-treated according to the methods of Tunde-Akintunde [77] and Doymaz [87. The
Completely Randomized Design (CRD) was used for the drying experiments with the four pretreatments and one
control replicated three times to ensure the consistency of the results. The pretreatments used on the fruit samples
were on a weight per volume basis with 1 part of the solute in 25 parts of distilled water (1:25 w/v for 10 min)
except for hot water blanching where no solute was added to the distilled water. The pretreatments were coded as
shown below:

e CON: No pre-treatment solution.

e BLA: blanched in water bath (80 °C for 3 min), removed and cooled immediately by placing in a large
quantity of tap water for another 8 min to remove excess heat. It is drained in a metal sieve and the excess
water blotted oft before further processing.

e ASC: 1 part of ascorbic acid in 25 parts of distilled water (1:25 w/v for 10 min).

e LIM: 1 part of lime juice in 25 parts of distilled water (1:25 w/v for 10 min).

e SAL: 1 part of salt in 25 parts of distilled water (1:25 w/v for 10 min).

2.3.Drying Procedures

For the drying experiments, 0.2 kg of fresh pretreated and untreated African star apple fleshes was spared on a
single layer inside a perforated tray and dried at temperatures of 50 °C, 55 °C and 60 °C respectively. The drying
was accomplished using an air-convective cabinet dryer of Rhong Machinery Manufacturing Limited series cabinet
dryer (model RCD-5) designed to dry food materials under controlled conditions. The temperature of the air in the
drying chamber was controllable to suit the drying temperature desired. The air velocity in the drying chamber
was controlled by a fan speed controller (adjustable air valve at air inlet and exhaust) constant at 2 m/s flow-rate.
Also, there was a time controller to monitor drying time. The moisture loss of the flesh during drying was
measured at 5 minutes intervals for the first hour, 10 minutes for second hour and at 15 minutes intervals
thereafter during the drying process. This was measured using a Gallenkamp electronic balance (model MP
10001), which has 0 - 1,000 g measurement range with a reading sensitivity of £0.01 g. The drying processes were
stopped when the weight loss became negligible. The experiments were replicated three times and the average
results were recorded. After drying, samples were packed and sealed in black polythene to prevent exposure to
light and stored until further analyses.

2.4. Determination of Ascorbic Acid

Ascorbic acid was determined using the AOAC [67] method. An aliquot (10 g) of the sample was diluted to a
fixed volume (100 ml) with 3% HPOs and then titrated with 2, 6-dichlorophenolindophenol. A standard ascorbic
acid solution of 5 mL was added to 5 mL of 3% HPO; and titrated with dye solution to a pink colour, which
persisted for 15 s. Ascorbic acid (mg/100g) of reconstituted juice was calculated using the formula:

Ascorbic acid (mg/100ml) = _TT/D::Vl )
2 3

where, T = titre; DF = Dye factor; 7, = volume made up (100 ml); /, = aliquot of extract taken for estimation (10
g) and V3= volume of sample taken for estimation (10 ml).
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2.5. Colour Measurements
The fresh and dried fruit colour was determined by direct reading using a colorimeter (MINOLTA model CR-
200; Minolta Camera Co., Ltd., Osaka, Japan) to obtain the colour values: L* (brightness/darkness), a*
(redness/greenness) and b* (yellowness/blueness) as described by Ashebir, et al. [97. The instrument was
calibrated using standard white and black plates before each color measurement. The measurements were taken
from randomly selected fresh fruits at three different parts (around halfway from the blossom end) of a fruit and the
mean of three readings at these random locations on the sample was used. It should be noted that these same fruit
parts were dried and subject to colour measurement after drying.
The fresh African star apple was taken as the ideal sample. The total colour change (AE) parameter is
calculated as follows:
AE = [(L* — L™)? + (a* — a™)? + (b* — b™)?]%> (2)
where;
AE = indicates the total colour change of a sample in comparison to colour values of an ideal sample
having colour values of L*, a* and b*.
L* = the lightness of fresh samples; L** = the lightness of dried samples
a* = the redness of fresh samples; a** = the redness of dried samples
b* = the yellowness of fresh samples and b** = the yellowness of dried samples.

2.6.Statistical Analysis

All experiments were performed in triplicate, and the results were expressed as means * standard error (SE).
Analysis of variance (ANOVA) was carried out to determine any significant differences in measurements using the
SPSS statistical software (SPSS 20.0 for Windows; SPSS Inc., Chicago, IL, USA) and considering the confidence
level of 95%. The significance of the difference between the means was determined using the Duncan Multiple
range test, and the differences were considered to be significant at p< 0.05.

3. Results and Discussion
3.1.Drying Characteristics

The drying experiments gave different values for the moisture contents of the African star apple fruits at
different temperatures and thicknesses. IFigures 1 — 3 show the drying curves for drying the flesh of African star
apple of 2, 4, 6 and 8 mm thicknesses at temperatures of 50, 55 and 60 °C. For drying carried out at 50 °C, the
equilibrium moisture content was attained in 8 h. Also, for drying carried out at 55 °C, the equilibrium moisture
content was also attained in 8 h. On the other hand, for drying carried out at 60 °C, the equilibrium moisture
content was attained in 7 h. The moisture contents of the African star apple flesh were observed to reduce from a
mean value of 70.44%, 71.55% and 73.24% to 2.38%, 1.91% and 3.28% for temperatures of 50, 55 and 60 °C,
respectively. In this drying operation, a relative reduction in moisture content with increase in drying time was
observed. This also resulted in the drying curve obtained showing a downward curve.
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Figure-1. Drying Curves for African Star Apple Flesh of 2 mm, 4 mm, 6 mm and 8 mm Thicknesses Dried at 50 °C.
Source: Authors’ Findings.
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Figure-2. Drying Curves for African Star Apple Flesh of 2 mm, 4 mm, 6 mm and 8 mm Thicknesses Dried at 55 °C.
Source: Authors’ Findings.
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Figure-3. Drying Curves for African Star Apple Flesh of 2 mm, 4 mm, 6 mm and 8 mm Thicknesses Dried at 60 °C.

Source: Authors’ Findings.

The downward trends of the drying curves show that moisture content reduces with increasing drying time.
The highest moisture loss was observed at the early period of drying due to the removal of free water present at
the surface of the fruits. Over the course of the drying period, the moisture removal was observed to reduce; the
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temperature of drying not commensurate to the amount of moisture being removed. At no point in the drying
operations was the moisture removal at a constant rate. This confirms that the whole drying operation of the fruit
samples largely took place in the falling rate period. This is in line with the results of Taiwo and Adeyemi [107]
and Tunde-Akintunde [117] on banana slices and chilli peppers, respectively.

The slice thicknesses of the samples and higher drying temperatures were also observed to have effects on the
rate of moisture removal; which invariably affected the overall drying process. Faster drying rates were observed at
2 mm and 4 mm thicknesses compared to the 6 mm and 8 mm thicknesses for drying of the African star apple. This
result corroborated with Hussein, et al. [127] findings in which the drying time reduced significantly as the
thickness of slices decreases, because the resistance to moisture movement is relatively higher in thicker slices than
in thinner ones. Also, the rate of drying at 60 °C was faster as shown in Figure 8. This was due to high temperature
gradients created by higher temperature which ease the migration of water from the inner part to the surface to get
evaporated. The ease of this migration depends on the porosity of the samples, drying temperatures and the surface
area available as reported by Hussein, et al. [127]. The study also confirmed the reports of Tunde-Akintunde and

Oke [137 and Sobukola [147] on plantain and apple thin layer drying, respectively. This was explained as higher
temperatures leading to faster removal of moisture from food materials.

3.2.Effects of Temperature and Pretreatments on Drying Rate

The moisture contents of the fruits were observed to reduce with increase in the drying time. The drying rates
of the pretreated samples were higher than the drying rates of the control sample in most of the drying conditions.
However, these were not in all cases as the pretreatments were not significant in some drying conditions. Figure 4
— 6 show the drying rate curves for the African star apple flesh. From the figures, the drying rates of the pretreated
African star apple flesh were observed to consistently having higher drying rates; with the blanching pretreatment
being more predominant. This may be attributed to the softer and looser structure of the flesh of the fruit, an
observation reported by Doymaz [157] on carrot pomace. The effect of blanching increasing moisture loss and
drying rates of agricultural materials has also been reported by Taiwo and Adeyemi [107]. Kaymak-Ertekin [167]
reported that blanching improves the drying rates of carrots because blanching increases the porosity of cell walls,
leading to faster movement of water away from the food. This observation is also in agreement with the work of

Akintunde, et al. [177] on the blanching of green pepper; that blanching operation generally increases the drying
rate.
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Figure-4. Drying Rate Curves for 2 mm, 4 mm, 6 mm and 8 mm African Star Apple Flesh Dried at 50 °C.
Source: Authors’ Findings.
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Figure-6. Drying Rate Curves for 2 mm, 4 mm, 6 mm and 8 mm African Star Apple Flesh Dried at 60 °C.
Source: Authors’ Findings.

The other pretreatment methods had slightly higher rates than the control samples, but not as predominant as
the blanched samples. A similar observation was also made by Abano [47] on drying of pineapples with different
pretreatments. It was reported that there was an initial faster rate of drying with ascorbic acid pretreatment which
was later reduced due to the leaching eftects of ascorbic acid. Salt pretreatment was also found to have a high
drying rate in the study. The high drying rate was observed to be as a result of common salt made of sodium

chloride in an acid-base reaction thus, heating caused the loss of moisture. The high drying rate of the salt
pretreatment was attributed to this reaction.
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3.3. Effect of Temperature and Pretreatment on Ascorbic Acid Retention

In the drying experiments, the fruits were dried by the reduction of their moisture contents; however, this was
in tandem with the loss of valuable nutrients such as ascorbic acid content of the fruits. An important indicator of
the efficient drying of the fruits is the ascorbic acid retention of the drying process. The results for the ascorbic acid
retention of the drying experiments are shown in Table 1. The total ascorbic acid content of fresh flesh was found
to be 24.37 mg/100 g. The total ascorbic acid retention showed a consistent trend of samples pretreated with lime
having highest values, followed by ascorbic acid, control and salt solution respectively. The values ranged from
14.75 mg/ 100 g to 19.17 mg/100 g at 50 °C, 14.02 mg/100 g to 18.48 mg/100 g at 55 °C and 13.72 mg/100 g to
18.15 mg/100 g at 60 °C. The results also showed that there was higher ascorbic acid retention at lower
temperatures and smaller thicknesses compared to higher temperatures and larger thicknesses. This was
highlighted by the highest ascorbic acid retention at 50 °C and 2 mm thickness compared to the lowest at 60 °C and
8 mm thickness.

Table-1. Ascorbic Acid Content of Dried African Star Apple Flesh.

Ascorbic acid content (mg/100 g
Temperature | Pretreatment 2 mm 4 mm 6 mm 8 mm

50 °C Control 17.29 £ 0.11¢ 16.89 + 0.08¢ 16.61 + 0.08¢ 15.89 £ 0.07°
Blanched 16.79 + 0.24b 16.38 + 0.2 16.39 + 0.08 15.49 £ 0.29b

Ascorbic 18.10 £ 0.074 17.68 £ 0.084 17.12 £ 0.084 16.59 + 0.07¢

Lime 19.17 £ 0.17¢ 18.83 £ 0.08¢ 17.568 £ 0.07¢ 17.17 £ 0.084

Salt 16.21 £ 0.082 15.81 £ 0.122 14.74 £ 0.082 14.75 £ 0.782

55 °C Control 16.94 + 0.04¢ 16.51 * 0.08°¢ 16.18 + 0.25°¢ 15.58 + 0.08°¢
Blanched 16.76 £ 0.08P 16.33 £ 0.06° 15.49 £ 0.07° 15.81 £ 0.16°

Ascorbic 17.88 £ 0.094 17.44 £ 0.07d 16.84 £+ 0.08d 16.46 £ 0.074

Lime 18.48 £ 0.08¢ 18.07 £ 0.09¢ 17.82 £ 0.06¢ 16.81 £ 0.09¢

Salt 15.84 £ 0.212 15.49 £ 0.082 14.87 £ 0.082 14.02 + 0.112

60 °C Control 17.64 £ 0.02¢ 16.39 £ 0.09¢ 15.89 £ 0.63¢ 15.48 £ 0.07¢
Blanched 16.67 £ 0.08> 16.19 £ 0.05" 15.25 £ 0.09° 15.25 £ 0.09"

Ascorbic 17.64 + 0.02°¢ 17.19 £ 0.074 16.74 £ 0.074 16.21 + 0.07d

Lime 18.15 £ 0.07¢ 17.78 £ 0.084 17.19 £ 0.07¢ 16.63 £ 0.07¢

Salt 15.25 £ 0.082 14.79 £ 0.06% 14.15 £ 0.092 18.72 £ 0.78%

Note: Means within the same column at the same temperature with different alphabet(s) are significantly different at p <0.05.
Source: Authors’ Findings.’

The results showed a significant reduction in the ascorbic acid content of the dried samples, with increasing
temperature and thickness also having great significance. The heating foods at higher temperatures cause losses of
ascorbic acid because it is heat labile. The findings of Gupta, et al. [187] corroborates this claim, where drying at
temperatures above 60 °C resulted in substantial ascorbic acid losses in the drying of cauliflower. It was also
reported that prolonged exposure to higher temperatures destroys compounds in fruits. An explanation on the
variations in ascorbic acid was given by Garba and Kaur [197] where the variations were attributed to the different
pre-treatments used. Joshi, et al. [207] also proposed that the ascorbic acid losses during most drying methods
could be as a result of oxidation of ascorbic acid at high temperatures, which also supports the results of these
drying operations.

The ascorbic acid reduction of the fruit samples was consistent across the samples with pretreatments and
control samples. This showed that hot air drying resulted in ascorbic acid degradation in all the samples. The
higher values of ascorbic acid retention recorded for the lime and ascorbic acid pretreatment could be due to them
being high sources of ascorbic acid. This could reduce the degradation kinetics of the ascorbic acid in the fruits
during the drying operation. The control samples showed higher ascorbic acid retention than the blanched and salt
pretreatments. This may be due to enzymatic and chemical degradation as well as leaching and heating operations,
a similar observation noted by Wawire, et al. (217 and Toor and Savage [227]. The results of these experiments
were higher than the results reported by Ruvini, et al. [287 on similar drying operations with similar
pretreatments. The observations made by Demiray and Tulek [247] on ascorbic acid retention in fruits at
temperatures below 70 °C also support the ascorbic acid retention values for these experiments. The lower values
for the salt pretreated samples across the fruits may be due to the inhibiting effect salt has on ascorbic acid [25,
267].

3.4. Effect of Temperature and Pretreatment on Colour Retention

The final colour of the dried fruits is of great importance to the consumers. Colour is one of the subjective
quality characteristics which indicate the level of effects of the drying methods, the pretreatment effects or
conditions. Hence, colour is of great importance in deciding the preference of consumers [277]. Tables 2 — 5 show
the colour changes in the dried African star apple. The tables display the values for L¥, a*, b* and AE which
indicate the lightness, redness, yellowness and change in colour values respectively. The L*, a*, b* and AE values
for African star apple were 40.29, 15.69, 18.54 and 37.78. The dried fruits all showed considerably lower values for
all the parameters compared to the fresh samples. This is an indication that the slice thickness and pre-treatments
were not significant because the colour changes were random and no specific sequence could be ascertained. The
best colour retention for the African star apple were salt pre-treatment at 50 °C for 2 mm, salt at 50 °C for 4 mm,
ascorbic at 50 °C for 6 mm and salt at 50 °C for 8 mm.
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Table-2. Colour Chan
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oes for Dried African Star Apple Flesh of 2 mm Thickness.
Temperature Pre-treatment L* a* b* AE

50 °C Control 28.29 + 0.62P 11.44 + 0.90¢ 5.95 +0.87P 18.52 + 1.34b°
Blanched 24.93 £ 0.972 9.63 £ 0.64> 4.17 £ 1.38b 16.33 £ 1.772b

Ascorbic 28.28 £ 3.60P 7.12 £ 0.172 1.90 + 1.432 16.22 + 3.562b

Lime 24.83 + 0.662 6.64 * 1.012 1.90 + 1.844 13.14 + 1.982

Salt 32.31 £ 1.61°¢ 7.70 £ 0.522 5.74 £ 0.07> 21.57 £ 1.03°¢

55 °C Control 27.66 £ 2.77° 11.29 £ 0.76 5.32 £ 1.944 17.71 £ 3.16>
Blanched 24.37 + 0.602 7.32 £ 0.532 2.04 + 0.48 13.54 + 0.582

Ascorbic 26.62 £+ 0.98® 6.59 £ 0.472 1.45 £ 0.772 14.48 + 1.042

Lime 26.61 £ 1.653 6.96 + 0.444 3.23 + 0.49bc 15.65 + 1.282b

Salt 28.36 £ 0.81P 6.99 £ 1.042 3.65 £ 0.27¢ 17.17 £ 0.49>

60 °C Control 28.62 + 1.78¢ 7.96 £ 0.61° 4.31 + 0.70¢ 16.45 + 18.594
Blanched 26.54 £ 0.26% 6.79 £ 0.062 2.84 £ 0.60P 18.57 + 0.58b

Ascorbic 24.97 £ 0.622 6.77 £ 0.152 1.88 + 0.302 11.84 + 0.662

Lime 26.82 £ 1.76abc 8.27 £ 0.52b 3.86 £ 0.138¢ 14.95 + 1.11¢

Salt 28.39 £ 1.13bc 7.90 £ 0.44b 4.51 £ 0.09¢ 16.30 £ 0.824

Note: Means within the same column at the same temperature with different alphabet(s) are significantly different at p < 0.05.
Source: Authors’ Findings.

Table-3. Colour Changes for Dried African Star Apple Ilesh of 4 mm Thickness.

Temperature Pre-treatment L* a* b* AE

50 °C Control 27.01 £ 0.62ab 10.16 + 0.90P 4.67 + 0.873b 17.24 £ 1.842
Blanched 26.21 + 0.972 10.91 + 0.64b 5.45 + 1.8 17.61 £ 1.772

Ascorbic 29.56 + 3.60P 8.40 £ 0.173 3.18 + 1.4 17.50 £ 8.563

Lime 25.61 + 0.662 7.92 £ 1.012 3.18 £ 1.84a 14.42 + 1.982

Salt 33.59 + 1.61¢ 8.98 £ 0.521 7.02 £ 0.07¢ 22.85 £ 1.08b

55 °C Control 26.38 + 2.772 10.01 + 0.76P 4.04 = 1.94ab 16.48 *+ 3.163b
Blanched 25.65 £ 0.602 8.60 + 0.532 3.32 + 0.48b 14.82 + 0.582

Ascorbic 27.90 + 0.98ab 7.87 +0.472 2.78 + 0.792 15.76 £ 1.042

Lime 27.89 £ 1.653b 8.24 £ 0.444 4.51 + 0.49b 16.93 £ 1.28ab

Salt 29.64 + 0.81P 8.27 + 1.042 4.93 £ 0.27b 18.45 + 0.49b

60 °C Control 27.834 + 1.73¢ 6.68 £ 0.61 3.08 £ 0.70¢ 15.17 £ 0.974
Blanched 25.26 + 0.263b 5.51 + 0.062 1.56 + 0.60P 12.30 £ 0.58b

Ascorbic 23.69 + 0.62a 5.50 + 0.152 0.59 + 0.302 10.56 £ 0.662

Lime 25.54 £ 1.76abc 6.99 * 0.52b 2.58 £ 0.138¢ 18.67 £ 1.11¢

Salt 27.11 £ 1.18be 6.62 * 0.44b 3.23 £ 0.09¢ 15.02 £ 0.824

Note: Means within the same column at the same temperature with different alphabet(s) are significantly different at p <0.05.
Source: Authors’ Findings.

Table-4. Colour Changes for Dried African Star Apple Ilesh of 6 mm Thickness.

Temperature Pre-treatment L* a* b* AE

50 °C Control 28.78 + 1.24a 8.94 + 0.40P 5.74 £ 1.972 18.51 + 2.182
Blanched 30.00 + 8.692 8.16 £ 0.183 4.66 + 1.744 18.55 £ 8.753

Ascorbic 29.53 £ 2.082 7.80 + 0.792 5.52 +0.131 18.60 £ 1.322

Lime 26.52 + 0.23a 8.15 £ 0.253 3.59 + 0.51a 15.86 £ 0.303

Salt 26.88 £ 1.822 7.58 £ 0.192 3.8 £ 2.21a 15.25 + 2.652

55 °C Control 24.66 + 0.763 6.49 * 0.683 1.68 * 1.462 12.28 £ 1.653
Blanched 27.75 £ 1.06° 5.72 + 0.442 2.24 £ 0.713b 14.66 + 1.342b

Ascorbic 24.22 + 0.172 7.22 + 0.213b 2.95 + 0.273b 13.07 £ 0.273b

Lime 27.79 + 1.86" 8.62 + 0.27b 4.78 £ 0.78b 17.14 £ 1.71b

Salt 27.68 £ 3.32b 6.86 = 1.91a 4.02 + 8.48ab 15.98 + 5.12ab

60 °C Control 27.97 £ 0.54¢ 4.72 £ 0.692 0.64 £ 0.492 13.78 £ 0.362
Blanched 24.90 + 0.71a 6.08 + 1.78b 1.76 + 1.81a 12.44 £ 2.163

Ascorbic 26.39 £ 0.372 5.09 + 0.38ab 1.66 + 0.432 13.11 £ 0.522

Lime 26.68 + 1.70bc 4.88 + 0.313b 4.09 *+ 4.622 18.26 £ 1.544

Salt 25.80 + 1.073b 6.28 + 0.57b 1.82 £+ 0.471 12.59 + 1.172

Note: Means within the same column at the same temperature with different alphabet(s) are significantly different at p <0.05.
Source: Authors’ Findings.

Table-5. Colour Changes for Dried African Star Apple Flesh of 8 mm Thickness.

Temperature Pre-treatment L* a* b* AE

50 °C Control 24.42 £ 0.373 7.82 £ 0.60b 1.71 £ 0.81a 12.70 + 0.82a
Blanched 29.16 + 4.477b 7.82 + 0.24b 4.41 + 1.99b 17.70 + 4.42b

Ascorbic 24.88 £ 0.544 7.79 £ 0.60b 1.79 % 0.602 13.02 + 0.35a

Lime 28.58 + 1.82b 548 £ 0.512 2.66 + 0.592 15.568 £ 1.673b

Salt 29.24 + 1.95b 7.70 £ 1.87b 5.15 £ 0.69b 18.14 + 1.54b

55 °C Control 28.50 * 0.362 7.54 + 0.802 3.564 £ 0.75b 16.53 + 0.462
Blanched 27.15 £ 1.28a 9.21 + 0.59b 4.92 + 1.58b 17.04 + 2.08a

Ascorbic 27.12 £ 1.444 6.82 + 0.644 1.87 + 0.222 14.34 £ 1.022

Lime 27.12 £ 1.453 7.06 £ 0.682 4.22 + 1.48b 16.23 + 3.13a

Salt 27.12 £ 1.468 7.86 + 0.292 4.53 + 0.58b 16.82 + 1.982

60 °C Control 27.74 £ 2.093 7.34 % 1.16b 4.26 + 1.98b 16.31 + 3.08b
Blanched 25.66 t 3.344 6.42 + 0.862 1.08 + 0.40% 12.84 + 2.132

Ascorbic 25.04 £ 0.893 5.30 £ 0.1442 0.80 + 0.862 11.59 + 1.18a

Lime 25.46 + 0.35% 5.45 + 0.664 1.81 + 0.902 12.59 + 0.872

Salt 26.39 £ 1.844 6.17 £ 0.712b 2.49 + 1.912 13.90 + 2.34ab

Note: Means within the same column at the same temperature with different alphabet(s) are significantly different at p <0.05.
Source: Authors’ Findings.

The values recorded were lower compared to values available in literature for drying of similar foods, although
their values for fresh samples were higher. Also, comparable data on the drying of African star apple were not
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available. However, Doymaz, et al. [287] reported that higher L* and lower a*/b* values are required in dried food
materials. The results obtained for the drying in this study are in line with that observation. An explanation for the
colour changes experienced is given by Fellows [297 where it was reported that colour changes in fruits and
vegetables are caused by heat, oxidation during drying and residual enzyme activity which may cause browning
during storage. A similar observation was reported by De-Corcuera, et al. (807 on how blanching pretreatments
made samples darker with loss of yellowness which gave lower L* and b* values. This was associated to the
destruction of pigments by blanching. Ali, et al. [317] reported a similar observation in the drying of guava slices. It
was reported that the slices became darker during the drying process and it was attributed to prolonged drying
time. It was also reported that temperature increase destroys colour quality; therefore, it was suggested that drying
operations should be carried out at lower temperatures to better retain the colour of dried fruits.

4. Conclusion

The tropical African star apple fleshes were dried in the cabinet dryer. The drying rate of the African star apple
flesh samples decreased as drying rate progressed while it increased with increase in drying temperature. The slice
thickness and pretreatments were observed to affect the drying rates, with smaller thicknesses drying faster and
blanching pretreatment having the highest drying rate of all. The increase in slice thickness was observed to
reduce the drying rate and vice-versa.

The drying time of the fruits ranged between 7 to 8 h. The structures of the samples were however observed to
be differ compared to the control samples, despite significant ascorbic acid retention as a result of the
pretreatments; especially the lime and ascorbic acid. The pretreatments were observed to help reduce the effect of
ascorbic acid degradation by heat. The colour changes of the fruits were also significant as there were significant
difference between the values of the fresh samples and the dried products. The ascorbic acid and lime pretreatments
however had better colour overall. Drying at 50 °C with lime pretreatment gave the best result in terms of ascorbic
acid retention.
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