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The effects of solar drying methods [Cabinet direct (CDD), cabinet mixed mode (CMD) and tunnel (TD)
drying] on total phenolic content (TPC) and antioxidant capacities of commonly consumed fruits and
vegetable in Tanzania were investigated. The TPC and FRAP in mangoes (Mangifera indica cv. Dodo,
Viringe and Kent), bananas (Musa acuminata, cv. Kisukari, Kimalindi and Mtwike), pineapples (Ananas
comosuss cv Smooth cayenne) and tomatoes (Lycopersicum esculentum cv. Tanya, Cal J and Onyx)
were evaluated using Folin-Ciocalteu reagent and ferric reducing antioxidant power (FRAP) methods,
respectively. There were significant (p<0.05) variations in TPC (mg GAE/100 g DM) and FRAP (umol/100
g DM) among the fresh fruit and vegetable samples. The highest TPC was in tomato (476.6+8.6 - 538.9+
1.4) and lowest in banana (139.3+2.3 - 189.2+2.7). Drying methods had significant (p<0.05) effect on TPC
and antioxidant values of the samples. All fresh samples had higher TPC levels but declined
significantly in dried samples with the exception of tunnel dried tomatoes. Among the dried samples,
the tunnel dried samples had less TPC loss (6-16%) than the cabinet dried samples (17-42%). The
cabinet direct and mixed mode samples were not statistically different (p>0.05) from each other.
However, tunnel dried samples had less FRAP loss (6-13%) which were statistically different (p<0.05)
from the cabinet dried samples (14-56%). Percentage TPC and FRAP recoveries (%) differed
significantly (P<0.05) between the varieties within the fruits/vegetable for both drying methods. A strong
correlations between TPC and FRAP in both fresh (R?= 0.970) and dried samples (R°=0.8636) suggests
that solar drying methods have significant effects on total phenolic contents and antioxidant activities
of fruits and vegetables with tunnel drying method giving significantly less effects.

Key words: Mango, banana, pineapple, tomato, solar drying, total phenolic content (TPC), antioxidant activity,
FRAP.
INTRODUCTION

Fruit and vegetables are both major food products and They contain many essential vitamins, minerals, fibre and
key ingredients in many processed foods (Jongen, 2007). phytochemicals such as phenolic compounds and
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caretonoids, many of which are antioxidants (Yahia and
Berrera, 2009). Various epidemiological studies have
demonstrated a strong correlation between adequate
consumption of fruits and vegetables with reduced risk of
some major diseases such as cardiovascular, diabetes,
hypertension, certain types of cancer and some of the
degenerative diseases (Segura-Carretero et al., 2010). It
has been reported that, up to 2.7 million lives could
potentially be saved each year with sufficient intake of
fruits and vegetables (WHO/FAO, 2003). The protective
role against mutagenicity and cytotoxicity provided by
fruits and vegetable has been attributed to the presence
of phytochemicals, mainly the phenolic compounds linked
with their antioxidant capacity (Rodriguez-Medina et al.,
2009; Bennet et al., 2011). The ability of antioxidants to
scavenge free radicals in the human body and thereby
decrease the amount of free radical and damage to
biological molecules like lipids and DNA may be one of
their protective mechanisms (Prior et al., 2004). These
free radicals and reactive oxygen species (ROS) are
generated endogenously through anaerobic respiration
and are potent genotoxins, causing mutation, oxidative
damage to DNA, protein and lipids in vitro and in vivo
(Perry et al., 2007). Phytochemicals are also known to
protect and regenerate other dietary antioxidant and
chelate pro-oxidant metal ions (Segura-Carretero et al.,
2010). Therefore, adequate daily consumption of fruits
and vegetable is an important health-protecting factor
(Wijngaard et al., 2009).

However, despite their nutritional and health benefits,
many fruits and vegetables are highly seasonal and
perishable resulting into huge postharvest losses (Idah
and Aderibigbe, 2007). Post-harvest loss of 30-40% is
estimated in developing countries, like Tanzania (Karim
and Hawlader, 2005) mainly due to poverty, inadequate
postharvest handling techniques, improper processing
technology and storage facilities, poor infrastructure as
well as poor marketing systems (Perumal, 2007). Drying
of fruits and vegetables remains an important method of
food preservation. It reduces the moisture content of food
to a level, which allows safe storage over an extended
period, and prevents the growth of mould and fungi and
thus minimizing microbial degradation (Chong and Law,
2010; Doymaz, 2011). Furthermore, it brings about
substantial reduction in weight and volume, and in
packaging, storage and transportation costs (Chan et al.,
2012).

Among all the drying methods, sun drying is a well-
known method for drying agricultural commodities in
tropical and sub-tropical. However, it has many disadvan-
tages such as long drying time, exposure to contami-
nation from dust, soil, sand particles and insects
(Folaranmi, 2008). Consequently the quality of sun dried

products may adversely be affected, failing to meet the
required local and international standards (lvanova and
Andonov, 2001). To overcome these problems, it is
necessary to use alternative drying methods. Solar
energy is one of the most promising renewable energy
sources in the world because of its abundance,
inexhaustible and non-pollutant in nature compared with
higher prices and shortage of fossil fuels (Basunai and
Abe, 2001). Condori et al. (2001) reported that, attrac-
tiveness of solar dryers is further enhanced by its ability
to dry the product rapidly, uniformly and hygienically to
meet national and international standards with zero
energy Ccosts.

Recently, harnessing of solar energy for fruits and
vegetable preservation as an alternative to open sun
drying and unaffordable mechanical dryers in Tanzania is
increasing (Ringo, 2008). Dried fruits and vegetables
represent a relatively concentrated form of fresh fruits
with higher total energy, nutrient density, fibre content
and often significantly greater antioxidant activity
(Bennett et al., 2011). According to Vinson et al. (2005),
the plasma antioxidant activity may be significantly
elevated by consumption of dried fruits, demonstrating
bio-availability of antioxidant species. However, drying
has been reported to affect the antioxidant activity of
fruits and vegetables diversely (Chantaro et al., 2008;
Kuljarachanan et al.,, 2009). Enzymatic and non-
enzymatic processes that may occur during drying of
fresh plant tissues may lead to significant changes in the
composition of phytochemicals (Capecka et al., 2005).
Enzymatic browning occurs when the fruit and vegetables
polyphenoloxidase (PPO) comes into contact with the
endogenous phenolic compounds during drying
(Aydemir, 2004). Despite adequate literature review,
information on the effect of solar drying methods on total
phenolic and antioxidant activities of dried mango,
banana, pineapple, and tomatoes is limited. This study
therefore, carried out to study the effect of solar drying
methods on total phenolic compound and antioxidant
capacity of selected fruits and vegetable from Tanzania.

MATERIALS AND METHODS

Study areas

This study was carried out at Sokoine University of Agriculture
(SUA), Morogoro, Tanzania and Norwegian University of Life
Sciences (NMBU), Aas Norway. Drying activities were conducted at
SUA while chemical analyses were carried out at NMBU.

Plant materials

Three common consumed fruits: mango (cv. Dodo, Viringe and
Kent), banana (cv. Kisukari, Kimalindi and Mtwike) and pineapple
(cv. Smooth cayenne) and one vegetable; tomato (cv. Tanya, Cal J
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Plate 1. Different solar dryers used in the study: (A) Cabinet direct dryer-CDD, (B) Cabinet mixed mode dryer-CMD and (C)
Hoeinheim Tunnel dryer-TD.

and Onyx) were procured at physiological maturity and ripeness
from selected farmers in Morogoro and Pwani regions, Tanzania.

Drying equipment

Two solar cabinet dryers: direct and mixed modes were locally
fabricated and one Hoenheim solar tunnel dryer (Innotech,
German) was imported and installed in the study area. The dryers
consisted of two parts namely collector and a drying unit/tunnel. In
addition, the tunnel dryers consists small fans to provide the
required air flow over the products to be dried. The CDD had
collector dimension of (1.17 x 2.35 m) and drying section of 0.67 x
144 x 2.29 m, respectively while the d CMD had collector
dimension of 1.03 x 1.16 plus 90 x 1.16 m for extension and drying
section of 1.13 x 1.19 x 1.23 plus 0.99 x 1.23 m for extended part.
The tunnel dryer had dimension of 7.1 x 2 m and 10 x 2 m for
collector and drying chamber respectively (Plate 1). Both collector
and the drying units were covered with UV stabilized visqueen
sheets and food grade black paint was used as an absorber in the
collectors. The products to be dried were placed in trays in cabinet
dryers and a single layer on a wire mesh in the tunnel dryer.

Chemicals

Methanol, acetonitrile, acetic acids, FeCls.6H,0, FeS04.7H,0,
anhydrous sodium carbonate, were obtained from Merck KGaA
(Darmstadt, Germany), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), 2,4,6-tri(2pyridyl)-s-triazine (TPTZ) were
obtained from Fluka Chemie GMBH (Buchs, Switzeland). Folin-
Ciocalteu phenol reagent (2.0, N), 3, 4, 5,-Trihydroxybenzoic acid
(Gallic acid) were bought from Sigma-Aldrich (St Louis, MO, USA).
Liquid nitrogen was supplied by Hydro Gas and Chemicals AS
(Oslo, Norway). All chemical and gases were of analytical grade.

Research design

Completely randomized design (CRD) was used in the study and
principal factor was solar drying method (Local cabinet direct dryer
(CDD), cabinet mixed mode (CMD) and Tunnel dryer (TD). The
samples were analyzed for dry matter, total phenolic content and
antioxidant. The effect of the principal factor on these parameters
was determined. The mathematical expression is:

Yii= Mi + Ti + €ij 1)
i=1,2,..., t, j=1,2,...,ni

Where pis the overall mean, i is ith treatment effect and ¢ij is the
random effect due to jth replication receiving ith treatment.

Drying process

The drying to assess performance of the dryers in retaining
phytochemicals was done following methods described by Leon et
al. (2002). Fresh mature ripe fruit and vegetable samples were
washed, peeled and sliced to 5 mm thick and each sample divided
into three portions that were subjected in equal loading density of
2.91 kg of fresh produce/m? of solar aperture to either cabinet direct
dryer (CDD) with temperature ranging from 30-55°C for about 3
days, cabinet mixed dryer (CMD) with temperature ranging from
25-49° C for about three days and tunnel dryer (TD) with
temperature ranging from 60-73°C, for about two days. Since solar
drying solely depends on weather conditions, these temperatures
were not preset but obtained during drying process and samples
were offloaded from dryers after predetermined duration. The dried
products were packed in polyethylene bags and stored at -4°C prior
to laboratory analysis.

Determination of dry matter

Dry matter contents of fresh and dried products were determined in
triplicate according to the standard methods of AOAC (1995). About
5 g of samples were put in pre-weighed crucibles and oven dried at
105°C for 24 h until constant weight was achieved.

Sample extraction and preparation for phytochemical analyses

Three grammes of each sample was diluted in 30 ml of methanol
and sonicated at 0°C for 15 min in an ultrasonic bath (Model 2510,
Branson Ultrasonics Corp, USA). The sample was then flushed with
nitrogen in order to prevent oxidation and stored frozen at -20°C
prior to analysis. During analysis, the homogenate was centrifuged
at 31,000 g for 10 min at 4°C using a Beckman J2-21M/E centrifuge
(GMI Inc., Ramsey, MIN, USA). The supernatant was decanted and
subjected to analysis of total phenols and antioxidant power. All
samples were extracted in duplicate and analyzed in triplicate.
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Table 1. Dry matter content (%) of fresh and dried fruits and vegetable varieties of three solar drying methods.

Drying method

Fruit/veg. Variety Fresh CDD CMD TD
DM (%) DM (%) DM (%) DM (%)
Dodo 21.0+0.0° 83.5+0.01° 84.0+0.02° 86.0+0.49°
Mango Viringe 20.9+0.3% 83.6+0.01" 83.8+0.02" 85.9+0.06°
Kent 19.1+0.29° 82.2+0.0° 82.51+ 0.01° 85.0£0.13°
Kisukari 29.2+0.5% 83.4+0.17" 83.3+0.16" 86.1+1.5°
Banana Kimalindi 28.3+0.46% 82.2+0.09" 82.2+0.24° 86.0+2.3°
Mtwike 28.6+0.62° 82.3+0.10° 82.9+0.03° 84.7+2.12°
Pineapple Smooth cayenne 19.4+0.31% 81.4+0.01° 81.2+0.00" 84.8+0.28°
Tanya 7.8+0.13? 85.5+0.01° 85.8+0.02° 88.9+0.00°
Tomatoes calJ 7.7+0.00? 85.6+0.00° 85.4+0.00° 88.3+0.01°
onyx 8.0+ 0.00% 85.7+0.00° 85.1+0.14° 88.9+ 0.01°

Data presented as arithmetic means + SD (n = 3). Means in row with different small letter are significantly different (p<0.05) between

drying methods for the same variety.

Determination of total phenolic contents (TPC)

Total phenolic content was determined using a Konelab 30i
(Thermo Electron Corp., Vantaa, Finland) clinical chemical
analyser. The procedure was based on using the Folin-Ciocalteu
reagent (FCR), as described by Singleton et al. (1999). A 20 pl
sample were added to 100 pl FCR (diluted 1:10 with distilled water),
mixed and incubated at 37°C for 60 s prior to addition of 80 pl 7.5%
(w/v) sodium bicarbonate solution. The samples were again mixed
and incubated at 37°C for 15 min prior to absorbance reading at
765 nm. TPC were assessed against a calibration curve of gallic
acid, and the results presented as mg gallic acid equivalents (GAE)
per 100 g dry weight (DW).

Determination of ferric reducing antioxidant power (FRAP)

Antioxidant activity in the samples was measured using the ferric
reducing ability of plasma (FRAP) assay described by Benzie and
Strain (1996) using the KoneLab 30i (Kone Instruments Corp,
Espoo, Finland). Briefly, 200 pl of the FRAP reagents (3.0 mM
acetate buffer, 10 mM TPTZ in 40 mM HCI, 20 mM FeCl;.6H,0,
ratio 10:1:1) were automatically pipette separately and mixed in the
cuvettes; 8 pl of sample were added and mixed and left to incubate
at 37°C for 10 min and absorbance read at 595 nm. Trolox (Vitamin
E analogue) was used as a control. The antioxidant activity in the
samples was calculated as mmol Fe?* per 100 g dry matter.

Statistical analysis

Data obtained was analyzed in triplicates using analysis of variance
by R statistical software ((R Development Core Team, Version 3.0.0
Vienna, Austria). One way analysis of variance (ANOVA) was done
to determine significant differences between factors. Means were
separated by Turkey Honest Significant Difference (THSD) at
p<0.05. Pearson correlation coefficient was done to determine the
relationship between TPC and FRAP.

RESULTS AND DISCUSSION
Dry matter content

Contents of dry matter in fresh and dried samples are
shown in Table 1. The results showed significant
variations in dry matter contents between fresh and dried
samples and within the drying methods. Dry matter
contents of all fresh samples increased significantly
(p<0.05) and the increase was more pronounced in
tunnel dried samples for all fruits and vegetables. Cabinet
direct and mixed mode dryers were not significantly
different in terms of performance for both food products
(p>0.05). Drying significantly reduces moisture contents
of food materials and causes changes in dry matter
contents. Lefsrud (2008), reported that the moisture
content within biological samples changes during drying
and can result in the release of organic compounds,
volatile organic compounds (VOCs), destruction of
pigments, and changes in chemical composition. The
higher dry matter content in tunnel dryer than in cabinet
dryers could be associated with its high drying
temperature, which caused more moisture release in
addition to the release of other of organic compounds.

Total phenols

The mean total phenolic compounds (TPC) of fresh and
dried fruit and vegetable varieties are shown in Table 2.
Significant differences (p<0.05) in TPC among the fresh
fruits/ vegetable were observed. The highest TPC
contents (g/100 g DM) were found in tomato cv. Onyx
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Table 2. Total phenolic contents (mgGAE/100g DM) of fresh and dried fruits and vegetable varieties of three solar drying methods.

Drying method

Fruit/Veg Variety FR CDD CMD TD
Mean (%) Mean (%) Mean (%) Mean (%)
Dodo 315.3+5.4 (100)* 261.3+6.7 (83)° 263.4 + 3.1 (84)° 291.8 + 5.4 (93)°
Mango Viringe 311.4+1.5 (100) 261.6 + 1.3 (84)° 259.2 + 3.8 (83)° 292.9 + 0.6 (94)°
Kent 239.4+7.9 (100)* 184.3 +1.8 (77)° 181.1+ 0.8 (76)" 201.5 + 4.4 (84)°
Kisukari 139.3+2.3 (100)® 81.2+ 0.5 (58)" 83.0 + 0.8 (59)° 105.96 + 2.1 (76)°
Banana Kimalindi 189.2+2.7 (100)® 116.9 + 0.8 (62)° 118.1+ 1.5 (62)° 145.90 + 6.4 (77)°
Mtwike 173.6+4.2 (100)* 98.5 + 0.4 (57)" 100.3 + 1.8 (58)° 133.70 + 4.4 (77)°
Pineapple Smooth cayenne 282.9+4.2 (100) 226.7 + 3.1 (80)° 232.8+4.6(82)° 262.5+ 4.5 (92)°
Tanya 476.6+8.6 (100)? 448.2 + 0.8 (94)° 454.6 + 3.1 (95)" 587.2 + 1.3 (123)°
Tomato CalJ 448.2+5.8 (100)? 418.1 + 4.8 (79)° 415.7 + 2.8 (79)° 588.1 + 5.8 (112)°
Onyx 538.9+1.4 (100) 512.9 + 0.9 (95)° 511.6 + 1.7 (95)° 675.5 + 1.5 (125)°

Data presented as arithmetic means + SD (n = 3). Data in parentheses represent percent recovery relative to untreated. Means within fruit/
vegetable in row with different superscript letters are significantly different (p<0.05).

followed by mango cv. Dodo pineapple cv. Smooth
cayenne and the lowest in banana cv. Kisukari. The level
of polyphenolic compounds present in fruits and
vegetable depends on cultivar, growth condition (soil,
fertilizer, temperature, and cultivation techniques),
storage and transport conditions and processing
technology (Bennett et al., 2010). The effect of drying
methods on TPC was significant (p<0.05) with all fresh
samples having higher TPC levels but declined
significantly in dried samples with exception of tunnel
dried tomatoes. No significant differences were found
between the cabinet direct and mixed modes of drying
(p>0.05). These findings suggest that drying has variable
effects on TPC contents of plant samples. It could result
in little or no change, significant declines or enhancement
of the TPC (Hamroun-Sellami et al., 2012). Chan et al.
(2009) found that, all methods of thermal drying
(microwave, oven and sun drying) resulted in sharp
decline in TPC in dried leaf vegetables. The decline is
attributed to degradation of phenols during drying
(Suvarnakuta et al.,, 2011). Bennett et al.,, (2010)
explained that, the phenolics present in fresh fruit and
vegetables are susceptible to oxidative degradation by
polyphenol oxidase (PPO) during drying, which leads to
intermolecular condensation reactions and their level
decreased. Similar decline in polyphenolic content after
drying has been reported in prune (Caro et al., 2004),
persimmons (Park et al., 2006), mulberry leaves
(Katsube et al., 2009), apricots (Madrau et al., 2009),
olive mill waste (Obied et al., 2008) and ginger leaves
(Chan et al., 2009). Among the dried samples, the tunnel
dried samples had less loss (6-16%) than cabinet dried
samples (17-42%). This difference might be ascribed to
greater enzymatic degradation by PPO as direct and

mixed mode dryers took comparatively longer time for
drying compared to tunnel drier resulting to additional
enzymatic reactions (Chan et al., 2009).

The higher TPC contents in tunnel dried tomato than
fresh samples and generally lower decline in TPC for
other tunnel dried samples could be attributed to the
release of more bound phenolic compounds from
breakdown of cellular constituents due to high drying
temperature (Randhir et al 2007; Boateng et al., 2008;
Vega-Galves et al., 2009; Marshall et al., 2000). Along
with that, the application of temperature in the 70-90°C
range associated with faster dehydration reduces the
opportunity for PPO oxidation process that accompanies
drying (Uhlig and Walker, 1996). This is consistent with
the findings of this study.Similar increase in polyphenolic
contents after drying has been reported in sweet potatoes
(Mao et al., 2010), prune (Caro et al., 2004) tomatoes
(Dewanto et al. 2002; Chang et al., 2006) and Shitake
(Lentinus edodes) mushroom (Choi et al., 2006). In
general, the significant effect of different drying methods
on total phenolic compound of fruits, vegetables and
herbs has widely been reported (Hamrouni-Sellami et al.,
2012; Zhang et al., 2012).

The effect of varieties in percentage TPC recovery of
dried products in each drying methods are shown in
Figure 1. There were significant differences (p<0.05) in
recoveries between the fruits and vegetable products and
between the varieties within the species in each dryer.
The highest recoveries between the species were found
in mango varieties (77-94.06%) and the lowest in banana
varieties (56.8-77.1%). The highest recoveries between
the varieties within the species for all drying methods
were found in Dodo and Viringe for mango (83.2-
94.06%), Kimalindi for banana (61.8-77.10%) and Onyx
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Figure 1. Recoveries of TPC in varieties of Mango (A), Banana (B) and Tomato (C) in three drying methods
(meanzSD, n=3). Bars with different letter indicates means are significantly different at p<0.05 for varieties in

each drying method.

and Tanya for tomato (94-125%). Kent, Kisukariand Cal J
varieties of mango, banana and tomato had the lowest
percentage recoveries in all drying methods. These
findings suggest that, amongst other factors, such as
maturity stage and light exposure, phenolic composition
varies with cultivars (Segura-Carretero et al., 2010).
Similar variation in TPC between varieties of the fruits
were reported in dried apricot (Madrau et al., 2009), palm
(Piga et al., 2005) and mango (Ribeiro, et al., 2007).

Ferric reducing antioxidant power (FRAP)

The mean ferric reducing antioxidant power (FRAP) of
fresh and dried fruits and vegetables varieties are shown
in Table 3. Significant differences (p<0.05) in FRAP
between fresh fruits/vegetable were observed. The

highest FRAP contents (umol/100 g DM) were found in
tomato cv. Tanya followed by mango cv. Viringe
pineapple cv. Smooth cayenne (and the lowest in banana
cv. Kisukari). The differences in the antioxidant activities
among the fruits and vegetables samples could be
attributed to their polyphenol contents and composition
and to other non-phenolic antioxidants present in
samples such as vitamin C, vitamin E, Mallard reaction
products, B-carotene and lycopene (Hassanien, 2008; Ali
et al., 2010). Fresh samples had higher FRAP levels than
dried samples. However, these decreased significantly in
dried samples for all drying methods. Tunnel dried
samples had significantly less FRAP loss (6-13%) than
cabinet dried samples (14-56%), confirming the finding
that the two drying methods were statistically different
(p<0.05). However, the direct and mixed dried samples
were statistically similar (p>0.05) in antioxidant activity.
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Table 3. Ferric Reducing Antioxidant Power (FRAP) (umol/100 g DM) of fresh and dried fruits and vegetable varieties of three solar drying

methods.
Drying method
Fruit Variety Fresh Direct Mixed Tunnel
Mean (%) Mean (%) Mean (%) Mean (%)

Dodo 27.3+0.3 (100  21.3+0.2°(79) 21.6 + 0.1°(80) 25.1 + 0.4°(93)

Mango Viringe 28.5 + 0.4 (100)? 24.2 +0.5°(86) 24.1+0.1° (86) 26.9 +0.5° (96)
Kent 23.1+0.4 (100  15.1+0.2°(65) 14.9 + 0.2° (64) 20.3 +0.2° (88)
Kisukari 10.8+0.1 (100)? 5.7 +0.1°(53) 6.0 + 0.2° (55) 8.5+0.2°(78)

Banana Kimalindi 15.8+0.2 (100)? 8.6 + 0.0° (55) 8.9+ 0.0°(57) 12.6 + 0.5° (80)
Mtwike 14.5+0.2 (100)? 6.4 + 0.0° (44) 6.7+0.0° (46) 13.1 + 0.3° (90)

Pineapple Smooth cayenne 24.8+0.5 (100)* 18.4 +0.2° (74) 18.2 +0.1° (73) 23.1+0.3°(93)
Tanya 46.8+0.5 (100)* 27.9+0.3" (60) 28.3+0.4" (60) 43.00.4° (92)

Tomato CalJ 44.6+1.6 (100)* 23.8+0.5" (53) 24.4+0.3" (55) 39.2+0.4° (88)
onyx 44.6+ 0.3 (100)* 26.5:0.2 °(59) 25.7+0.6" (58) 38.6+ 0.3°(87)

Data presented as arithmetic means + SD (n = 3). Data in parentheses represent percent recovery relative to untreated. Means within fruit/vegetable

in row with different superscript letter are significantly different (p<0.05).

Drying affects the antioxidant activity of fruits and
vegetables differently (Kuljarachanan et al., 2009;
Chantaro et al., 2008; Choi et al., 2006). Chemical and
enzymatic processes during drying and/or storage can
lead to either loss of phenolic-related antioxidant capacity
or may generate chemical derivatives with little or no
change, significant declines or enhancement in
antioxidant capacity (Bennet et al., 2011).Nevertheless,
the best drying method leads to the least alteration in
phenolic content and enhances antioxidant activity of the
sample. Madrau et al. (2009) found that, high drying
temperature gave a product with better polyphenol
content with enhanced antioxidant activity. Similar effect
of drying on antioxidant capacity of fruits and vegetable
has been reported in apple (Anwar et al., 2012), sage
(Hamrouni-Sellami et al., 2012) and Enicostemma
littorale (Blume) (Sathishkumar et al., 2009).

The influence of varieties in percentage FRAP
recoveries within each fruit/'vegetable samples in each
drying method was significant (p<0.05) as indicated in
Figure 2. The highest recoveries were found in Viringe for
mango (85.6-95.8%), Kimalindi and Mtwike for banana
(54.6-56.5 and 89.9% respectively) and for tomato
(81.88-90.62%). The influence of varieties in antioxidant
capacity of dried fruits has also been reported in apricot
(Madrau et al., 2009).

Correlation analysis between total phenolic contents
and FRAP

The correlation analysis between total phenolic and
antioxidant activity of the fresh and dried fruits and
vegetable are shown in Figure 3. There was a strong
positive correlation between both the TPC and

antioxidant activities in fresh (R*=0.9709) and dried
samples (R°= 0.8636). This finding implies that, the
antioxidant activity of plants materials including fruits and
vegetables is strongly correlated to the TPC contents
(Anwar et al., 2012; Zhang et al., 2012). Similar
correlation between total phenols and antioxidant activity
in plants have been reported (Ichuen et al., 2010;
Sreeramulu et al, 2010; Mao et al., 2010).

Conclusion and recommendations

Solar drying has significant effect on total phenolic
contents and antioxidants activities of dried mango,
banana, pineapple and tomato which varies depending
on the method used. Tunnel dried samples have lower
decline in TPC and antioxidant activities than cabinet
dried samples due to higher drying temperature and
shorter drying rate. Moreover, the percentage recoveries
of total phenols and antioxidant capacities of dried fruits
and vegetables differ according to varieties. Finally, the
antioxidant capacities of plants materials including fruits
and vegetables are strongly depend on the total phenolic
compounds present. Based on the better performance of
the tunnel dryer over local ones in retaining and
enhancing TPC associated with higher antioxidant
activities, then its use in drying and extending shelf life of
agricultural produces is highly recommended and should
be advocated in Tanzania and in developing countries at
large.

Conflict of interests

The authors did not declare any conflict of interest.



298 Afr. J. Food Sci.

A B
125 100 3

100 -

|
(%3]

LA
&
Recovery (%]

Recovery (%)

]
Ln

=

Direct Mixed Tunnel Direct Mixed Tunnel
Drying method Drying method

# Dodo [Viringe EKent # Kisukari OMalindi @AMtwike

100

)]
=

Recovery (%)
&

Direct Mixed Tunnel
Drying method
#Tanya OCal)] B Onyx
Figure 2. Recoveries of FRAP in three varieties of Mango (A), Banana (B) and Tomato (C) in three drying

methods (mean+SEM, n=3). Bar means with different letter are significantly different at p<0.05 for varieties
in each drying method.

60 50
= (A) 3 (B) .
1] oo 40 - .
S 45 S
Z R?=0.9709 < 5 -
S °
g 30 A g
‘g Tg‘ 20 -
[ ©
= > 4
& 15 2 10
3 § &
0 T T T
0 . . 0 200 400 600 800
0 2(_]0 400 500 Total phenolic content (mg GAE/100 g
Total phenolic content (mg GAE/100 g DM) DM)

Figure 3. Correlation between total phenolic contents and FRAP in Fresh (A) and Dried (B) Fruits and vegetable.



ACKNOWLEDGEMENTS

This research was supported by DANIDA through the
Development of Enterprise in Solar Drying of Fruit and
Vegetables for Employment Creation project between
Sokoine University of Agriculture, Tanzania and Aalborg
University, Denmark. The technical assistance from the
Department of Chemistry, Biotechnology and Food
Science, Norwegian University of Life Sciences (UMB) is
highly appreciated. Kari Grgnnergd, at the fruit lab, UMB
is acknowledged for her valuable assistance.

REFERENCES

Ali AM, Devi IL, Nayan V, Chanu KV, Ralte L (2010). Antioxidant activity
of fruits available in Aizawl market of Izoram, India. Inter J. Biol.
Pharm. Res. 1(2):76-81.

Anwar F, Sultana, B., Ashraf M, Saari N (2012). Effect of drying
techniques on the total phenolic contents and antioxidant activity of
selected fruits. J. Med. Plants Res. 6(1):161-167.

AOAC (1995). Official Methods of Analysis, 15" Ed., Association of
Official Analytical Chemists, Washington, D. C. 138pp.

Aydemir T (2004). Partial purification and characterization of polyphenol
oxidase from artichoke (Cynara scolymus L.) heads. Food Chem.
87:59-67

Basunai MA, Abe T (2001). Thin layer solar drying characteristics of
rough rice under natural convection. J. Food Eng. 47(4):295-301.

Bennett LE, Jegasothy H, Konczak |, Frank D, Sudharmarajan S,
Clingeleffer PR (2011). Total polyphenolics and anti-oxidant
properties of selected dried fruits and relationships to drying
conditions. J. Funct. Foods 3:115-124.

Benzie IF, Strain JJ (1996). The ferric reducing ability of plasma (FRAP)
as a measure of “antioxidant power”: The FRAP assay. Anal.
Biochem. 239(1):70-76.

Boateng J, Verghese M, Walker LT, Ogutu S (2008). Effect of
processing on antioxidant contents in selected dry beans (Phaseolus
vulgaris L.). LWT - Food Sci. Technol. 41:1541-1547.

Capecka E, Mareczeek A, Leja M (2005). Antioxidant activity of fresh
and dry herbs of some Lamiaciae species. Food Chem. 93:223-226.
Caro AD, Piga AP, Pinna I, Fenu PM, Agabbio M (2004).Effect of drying
conditions and storage period on polyphenolic content, antioxidant
capacity, and ascorbic acid of prunes. J. Agric. Food Chem. 52:4780-

4784

Chan EWC, Lim YY, Wong SK, Lim KK, Tan SP, Lianto FS, Yong MY
(2009). Effects of different drying methods on the antioxidant
properties of leaves and tea of ginger species. Food Chem.
113(1):166-172.

Chan EWC, Lye PY, Tan LN, Eng SY, Tan YP, Wong ZC (2012).
Effects of drying method and particle size on the antioxidant
properties of leaves and teas of Morus alba, Lagerstroemia speciosa
and Thunbergia laurifolia. Chem. Ind. Chem. Eng. Q. 1: 1-17

Chang CH, Lin HY, Chang CY, Liu YC (2006). Comparisons on the
antioxidant properties of fresh, freeze-dried and hot air- dried
tomatoes. J. Food Eng. 77:478-485.

Chantaro P, Devahastin S, Chiewchan N (2008). Production of
antioxidant high dietary fiber powder from carrot peels. LWT - J.
Food Sci. Technol. 41:1987-1994.

Choi Y, Lee SM, Chun J, Lee HB, Lee J. (2006). Influence of heat
treatment on the antioxidant activities and polyphenolic compounds
of Shitake (Lentinus edodes) mushroom. Food Chem. 99:381-387.

Chong CH, Law CL (2010). In: Drying of Exotic Fruits, Vegetables and
Fruits— Vol. 2. S.V. Jangam, C.L. Law, A.S. Mujumdar, Eds. ISBN -
978-981-08-7985-3, Singapore. pp. 1-42.

Condori M, Echazu R, Saravia L (2001). Solar drying of sweet pepper
and garlic using the tunnel greenhouse drier. J. Renew. Energy
22:447-460.

Dewanto V, Wu X, Adom K, Liu RH (2002). Thermal processing
enhances the nutritional value of tomatoes by increasing total

Mongi et al. 299

antioxidant activity. J. Agric. Food Chem. 50: 3010-3014.

Doymaz | (2011). Drying of green bean and okra under solar energy.
Chem. Ind. Chem. Eng. Q. 17: 199-205.

Folaranmi J (2008). Design, construction and testing of simple solar
maize dryer. Electronic J. Pract. Technol. 13:122-130.

Hamrouni-Sellamil M, Rahali F, Rebey BI, Bourgou S, Limam F,
Marzouk F (2012). Total Phenolics, Flavonoids, and Antioxidant
Activity of Sage (Salvia officinalis L.) Plants as Affected by Different
Drying Methods. J. Food Bioprocess Technol. 6 (3): 806-817.

Hassanien MAR (2008). Total antioxidant potential of juices, beverages
and hot drinks consumed in Egypt screened by DPPH in vitro assay.
Grasas Y Aceites 59(3):254-259.

Idah PA, Aderibigbe LA (2007). Quality changes in dried tomatoes,
stored in sealed polythene and open storage systems. Electronic J.
Pract. Technol. 10: 123-136

Ivanova D, Andonov K (2001). Analytical and experimental study of
combined fruit and vegetable dryer. J. Energy Convers. Manage. 42:
975-83

Jongen W (2007). Fruit and vegetable processing: Improving quality.
Woodhead Publishing Limited, Abington Hall, Abington, Cambridge,
CB21 6AH, England. 350 pp.

Karim MA, Hawlader MN (2005). Mathematical modeling and
experimental investigation of tropical fruits drying. Int. J. Heat Mass
Transf. 48:4914-4925

Katsube T, Tsurunaga Y, Sugiyama M, Furuno T, Yamasaki Y (2009).
Effect of air-drying temperature on antioxidant capacity and stability
of polyphenolic compounds in mulberry (Morus alba L.) leaves. Food
Chem. 113:964-969

Kuljarachanan T, Devahastin S, Chiewchan N (2009). Evolution of
antioxidant compounds in lime residues during drying. Food Chem.
113:944-949.

Lefsrud M (2008). Dry Matter Content and Stability of Carotenoids in
Kale and Spinach during Drying. Hortscience 43 (6):1731-1736

Leon AM, Kumar S, Bhattacharya SC (2002). A comprehensive
procedure for performance evaluation of solar food dryers. Renew.
Sustain. Energy Rev. 6(4):367-393.

Madrau M.A, Piscopo A, Sanguinetti AM, Caro AD, Poiana M, Romeo
FV, Piga A (2009). Effect of drying temperature on polyphenolic
content and antioxidant activity of apricots. European Food Research
and Technology 228:441-448.

Mao LC, Yang J, Chen JF, Yu-ying Zhao YY (2010). Effects of Drying
Processes on the Antioxidant Properties in Sweet Potatoes. China J.
Agric. Sci. 9:1522-1529

Marshall MR, Kim J, Wei C (2000). Enzymatic browning in fruits,
vegetables and seafoods. FAO report, Rome Italy
[http://www.fao.org/ag/ags/agsi/ ENZYMEFINAL] site visited on
09.09.2014

Obied HK, Bedgood DR, Prenzier PD, Robards K (2008). Effect of
processing conditions, prestorage treatment, and storage conditions
on the phenol content and antioxidant activity of olive mill waste. J.
Agric. Food Chem. 56: 3925-3932

Park KH, Park YD, Han JM, Lin KR, Lee BW, Jeong 1Y(2006).
Antiatherosclerotic and anti-inflammatory activities of catecholic
xanthones and flavonoids isolated from Cudrania tricuspidata. Bioorg.
Medic. Chem. Lett. 16: 5580-5583.

Perry JJ, Fan L, Trainer JA (2007). Developing master keys to brain
pathology, cancer and aging from structural biology of proteins
controlling reactive oxygen species and DNA repair. Neuroscience
145:1280-1299.

Perumal R (2007). Comparative performance of solar cabinet, vacuum
assisted solar and open sun drying methods. A thesis for Award of
MSc Degree at McGill University, Montreal, Canada, 100 pp.

Piga A, Catzeddu P, Farris S, Roggio T, Sanguinetti A, Scano E(2005).
Texture evaluation of “Amaretti” cookies during storage. Food Res.
Technol. 221:387-391.

Prior RL, Wua X, Gua L, Holdenb J, David B, Haytowitz DB, Gebhardtb,
SE, Beecherb G, Ronald L (2004). Development of a database for
total antioxidant capacity in foods: a preliminary study. J. Food
Compost. Anal. 17: 407-422

Randhir R, Kwon YI, LinYT, Shetty K (2007). Effect of thermal
processing on the phenolic associated health-relevant functionality of
selected legume sprouts and seedlings. J. Food Biochem. 33:89-112.


http://www.sciencedirect.com/science/journal/16712927

300 Afr. J. Food Sci.

Ribeiro SMR, Queiroz JH, Queiroz, ME, Campos, MF, Santana PM
(2007). Antioxidant in Mango (Mangifera indica L.) Pulp. Plant Foods
Hum. Nutr. 62:13-17.

Ringo E (2008). Dried Fruit and Vegetables For Urban and Export
Markets. Sub Sector and Value Chain Analysis in Tanzania. Final
Report, 2008. Match Maker Associates Limited, Dar-es-Salaam,
Tanzania. 78pp.

Rodriguez-Medina IC, Segura-Carretero A, Fernandez-Gutiérrez
A(2009). Use of high-performanceliquid chromatography with diode
array detection coupled to electrospray-Qg-time-of-flight mass
spectrometry for the direct characterization of the phenolic fraction in
organic commercial juices. J. Chromatogr. A. 1216:4736-4744.

Sathishkumar R, Lakshmi PTV, Annamalai A (2009). Effect of drying
treatment on the content of antioxidants in Enicostemma littorale
Blume. Res. J. Med. Plant 3(3):93-101.

Segura-Carretero A, Garcia-Salas P, Morales-Soto A, Fernandez-
Gutiérrez A (2010). Phenolic-Compound-Extraction Systems for Fruit
and Vegetable Samples. Molecules 15:8813-8826.

Singleton VL, Orthofer R, Lamuela-Faventés RM (1999). Analysis of
total phenols and other oxidation substrates and antioxidants by
means of Folin— Ciocalteau reagent. Methods Enzymol. 299: 152-178

Sreeramulu RD, Kumar CV, Raghunath M (2010). Antioxidant activity of
fresh and dry fruits commonly consumed in India. Food Res. Int. 43
(1):285-288

Suvarnakuta P, Chaweerungrat C, Devahastin S(2011). Effects of
drying methods on assay and antioxidant activity of xanthones in
mangosteen rind. Food Chem. 125:240-247.

Uhlig BA, Walker RR (1996). Mode of action of the drying emulsion
used in dried vine fruit production. Il. The effect of emulsion pH.
Austr. J. Grape Wine Res. 2:91-96.

Vega-Galvez A, Di-Scala K, Rodriguez K, Lemus-Mondaca R, Miranda
M, Lopez J, Perez-Won M(2009). Effect of air-drying temperature on
physico-chemical properties, antioxidant capacity, colour and total
phenolic content of red pepper (Capsicum annuum, L. var.
Hungarian). Food Chem. 117: 647-653.

Vinson JA, Zubik L, Bose P, Samman N, Proch J (2005). Dried fruits:
Excellent in vitro and in vivo antioxidants. J. Am. Coll. Nutr. 24: 44-
50.

WHO/FAO Expert Consultation. (2003). Diet, nutrition and the
prevention of chronic diseases. World Health Organization Technical
Report Series, No. 916. Geneva, Switzerland, 164pp.

Wijngaard HH, Roble C, Brunton N (2009). A survey of Irish fruit and
vegetable waste and byproducts as a source of polyphenolic
antioxidants. Food Chem. 116:202-207.

Yahia EM, Barrera A (2009). Antioxidant Capacity and Correlation with
Phenolic Compounds and Carotenoids in 40 Horticultural
Commodities. Acta Hort. 877:1215-1219.

Zhang LW, Ji HF, Du AL, Xu CY, Yang MD, Li FF (2012). Effects of
drying methods on antioxidant properties in Robinia pseudoacacia L.
flowers. J. Med. Plants Res. 6(16): 3233-3239.


http://www.sciencedirect.com/science/journal/09639969/43/1
http://www.sciencedirect.com/science/journal/09639969/43/1

