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Production of tomato powder by drying of tomatoes can help to reduce postharvest losses;
however, maintaining the quality of the powder may be challenging. In order to improve the
quality of tomato powder, fresh tomato slices were exposed to different pre-drying treatments:

2% sodium benzoate, 2% calcium chloride and 0.25% sodium metabisulphite. The quality
of the tomato powder produced after drying and blending was studied. Pre-treatment with
sodium benzoate improved the protein, ash, fiber, total soluble solids, lycopene, vitamin C

and colour of tomato powder better compared to pretreatment with calcium chloride and

Keywords . : ) ) . . . .

sodium metabisulphite. Sodium metabisulphite treated powder retained the highest amount of
Tomato powder carbohydrate while fat was highest in the powder without any treatment. In conclusion, pre-
Pre-drying treatments drying treatments have the potential to enhance the quality of tomato powder.
Quality © All Rights Reserved
Introduction puree, ketch-up and juice; these products are sold in

Tomato (Lycopersicon esculentum) as a vegetable
and fruit occupy an important place in healthy daily
diet. Tomato and its products are excellent source
of minerals, vitamins and antioxidants. It is rich in
vitamin C and antioxidant such as lycopene, carotenes
and phenolics (Giovanelli and Paradiso, 2002). The
consumption of beta-carotene and lycopene, which
are available in tomato has been linked to lower
incidence of cardiovascular disease and prostate
cancer (Ishida and Chapman, 2004; Rao and Rao,
2007).

Nigeria produces about 6 million tons of tomatoes
annually (Idah et al., 2007). However, many (20-
50%) of these produce are lost after harvest (FAO,
1977; Olorunda and Aworh 1983; Nwajiuba, 2002).
Post-harvest losses in horticultural fruit crops are
mainly related to handling, from harvest to retail.
Losses are caused by mechanical injuries, inadequate
storage, unsuitable handling and transport, and on-
display time in the retail market (Ferreir et al., 2005).
The major step towards achieving a greater level of
food increase and security therefore is to prevent food
losses between harvest and consumption. Tomatoes
can be processed into different forms and preserved
for longer periods.

Tomato has several downstream products such as

*Corresponding author.
Email: connecttolaide@yahoo.com

stores throughout the country thereby making tomato
available all year round. However, these products
require high cost technology for development of
good quality products. The development of low cost
and community adaptable preservation methods will
be beneficial to farmers and consumers. Sun-drying
is one of the most economical methods of food
preservation. Sundried tomato powders have become
a choice ingredient in developed countries and is
commonly used in the food service segment (CSD,
1997). However, the maintenance and consistency of
quality of sun-dried tomato powder is challenging;
hence the need for pre-treatments. The aim of this
study, therefore, was to access the quality attributes
of tomato powder as influence by different treatments
before sun-drying.

Materials and Methods

Preparation of the raw material

Mature and ripe tomatoes (royal variety) were
bought from Sasha market, a popular tomato market
in Ibadan, Oyo-State, Nigeria. The tomatoes were
sorted to remove the damaged ones, washed in a
clean water and weighed. The tomatoes were then
subjected to hot water blanching for 3-5 minutes
and were allowed to cool afterwards. The blanched
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tomatoes were cut into small slices (one cm in length)
using sharp sterilized stainless steel knives.

Pre-drying treatments of tomato slices

The tomato slices were divided into four and
treated as follows: (a) Dipping in 2% Sodium
benzoate (C7H,NaO,) solution at room temperature
for 5 min. (b) Dipping in 2% Calcium chloride
(CaCl,)) for 5 min. (c) Dipping in 0.25% Sodium
metabisulphite (Na,S,O,) for 5 min. (d) This served
as the control; tomato slices were not subjected to
any pre-treatment.

Dehydration/drying of Tomato Slices

The tomato slices were spread on perforated
stainless steel trays (34 cm wide, 50 cm long and
about 5 cm height. Tomato slices were loaded on
perforated stainless steel trays and was allowed to
sun-dry.

Preparation of tomato powder

The dried tomato slices were collected and
ground using clean household grinder and stored in
sealed plastic containers prior to further analysis.

Proximate analysis

The moisture content, protein, fat, ash, total
fibre and carbohydrate contents of the samples were
determined by the method of AOAC (2000).

Analysis physicochemical properties

Total soluble solids (TSS) were determined for
each sample according to AOAC (2005) method
using an Atago DR-Aldigital refractometer (Atago
Co. Ld., Japan) at 25°C and expressed as percentage.
Titratable acidity (TA) was obtained by titrating 5 ml
of tomato powder with 0.1 N NaOH up to pH 8.1.
The result was expressed as grams of citric acid per
100 g of dry tomato weight.

The pH was measured using Hanna pH meter
at ambient temperature 27+.0 5. Five grams of the
raw material and equivalent weight in grams of the
soluble matter in the raw material of tomato dried
powder considering moisture content differences,
The samples were dissolved in 50 ml distilled water
and filter through Whatman filter paper No.l1. Then
the pH of the samples was measured in triplicates.

Determination of lycopene content

Lycopene estimation was done by using (AOAC,
1990). 5 to 10 g sample was repeatedly extracted
with acetone until the residue became colorless.
The acetone extract was transferred to a separating
funnel containing 10 to 15 ml petroleum ether and

then 5% sodium sulphate solution was added. The
lower acetone phase was repeatedly extracted with
petroleum ether similarly, until it became colorless.
The upper petroleum ether extract was pooled and its
volume was made up to 50 ml with petroleum ether
and the color was measured in a 1 cm cell at 503 nm
in spectrophotometer (Systronics UV-VIS double
beam spectrophotometer 2201) using petroleum
ether as blank. The results are reported as;

3.1206 x Ax D = 100
1 =W = 1000

Lycopene content (mg/100g sample) =

Where, A = absorbance at 503 nm; D = dilution of
extract to 100 ml; W = weight of sample taken.

Colour measurement

Color of tomatoes and dried products were
measured by hunter color difference meter (Color
Quest XE, Hunter Lab), calibrated with a white tile.
“L” represents the lightness index (“0” for black
to “100” for white), “a” represents greenness and
redness (“+100” for red and “-80” for green) while,
“b” represents for yellowness and blueness (“+70”
for yellow and “-80” for blue). Three replications
of each of the five tomato varieties were analyzed in
triplicate.

Determination of total carotenes

About 0.2 -0.3 g of chopped and homogenous
samples were extracted with cold Acetone which
was later partitioned with petroleum ether. The ether
phase was passed through Neutral Alumina (activity
III) packed column. The column was eluted with
petroleum ether and the first band was collected into
25 ml volumetric flask. The extract was read at 450
mm and total carotenoid content calculated are as
follows;

C (ng/g) = A x Volume (ml) x 104
A x 1cm x sample weight (g).

Where A= Absorbance, A' % = absorption coefficient
of —carotene in PE (2592) (Rodriguez-Amaya and
Kimura 2004).

Determination of ascorbic acid (Vitamin C) content
About 5 ml of standard solution of ascorbic acid
was pipetted into 100ml conical flask. 10ml of oxalic
acid was added and the solution titrated against
the dye (V1 ml) until a pink colour persisted for
15 seconds. The dye consumed is equivalent to the
amount of ascorbic acid. Also, 0.5 g of the sample
was extracted in 4% oxalic acid and made up to
100ml. The solution was filtered. 10 ml of oxalic acid
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was added to 5 ml of the filtrate above. The solution
was then titrated against the dye solution (2, 6 —
dichlorophenol indophenol). The volume of dye used
was recorded as (V2 ml) (Ibitoye, 2005).

Ascorbic acid (mg/100g) = 0.5 mgxV2x 100 ml x 100
VI1x5 mIxW

Where W = sample weight

Microbial counts

The microbial contamination was estimated by
analyzing microbial load in tomato powder by using
Nutrient Agar(NA) for bacteria and Martins Rose
Bengal Agar (MRBA) for mould count following the
dilution pour plate method. 102, 107 and 10 were
the three dilutions used for analyzing bacteria and
mould. The microbial assays were carried within one
week of production of the tomato powder.

Statistical analysis

Determinations were done in triplicates and all
data were subjected to analysis of variance (ANOVA)
and the mean separated using Duncan’s multiple
range test (DMRT) using Statistical Package for
Social Sciences (SPSS) version 18.0.

Results

Tomato slices were dried to a stable moisture
content (<10% wet basis) after three days. The result
showing the effect of pre-treatments on proximate
composition of sun-dried tomato powder is presented
in Table 1. The moisture content of fresh tomato
slices was 91.00% while that of tomato powder
under different pre-treatments ranged between
8.27% - 8.87%. The protein, carbohydrate, fat, ash
and fiber content of tomato powder was significantly
(p<0.05) higher than fresh tomatoes. Among
tomato powder pretreated before drying, the ones
pretreated with sodium benzoate had the highest
protein, ash and fiber content (25.67+0.61, 3.00+0.1,
35+0.47 respectively) compared to those pretreated
with  calcium  chloride  (protein=23.24+0.23,
ash=2.20+£0.10, fibre=33.00+0.46) and sodium
metabisulphite (protein=24.43+0.12, ash=2.02+0.01,
fiber=33.93+0.21). However, carbohydrate content
was highest in the one pretreated with sodium
metabisulphite (CHO=11.89+0.06) and fat was
highest in the one pretreated with calcium chloride
(fat=21.534£0.45). Tomato powder that was not
exposed to any pre-drying treatment had lower
nutrients (protein=22.40+0.26, CHO=11.20+0.10,
ash=2.55+0.05 and fiber=33.61+£0.40) than those

exposed to pretreatment except for fat content.

Table 2 displays the effect of pre-treatments
on physico-chemical properties of tomato powder.
The pH value of the fresh tomato (3.85+0.15) was
significantly lower than tomato powder pretreated
with sodium benzoate, calcium chloride, and
sodium metabisulphite (4.07+0.11, 4.10+£0.10, and
4.00+0.00 respectively). But, there was no significant
difference in the pH of tomato powder under
different pretreatments. The TA and TSS of tomato
powder pretreated with sodium benzoate (1.30+0.20
and 4.10%0.00) were significantly higher than those
pretreated with calcium chloride (0.89+0.04 and
4.00+0.00) and sodium metabisulphite (0.88+0.04
and 4.00+£0.00). The titratable acidity of tomato
powders increased significantly (p<0.05) compared
to fresh tomatoes while total soluble solids decreased
in tomato powders compared to fresh tomato.

Table 3 shows the effect of pretreatments on
lycopene, carotene and vitamin C content of tomato
powder. The lycopene content of tomato powder
under different pretreatment (13.70 mg/100g, 10.13
mg/100g, and 11.91 mg/100g for sodium benzoate,
CaCl, and sodium metabisuphite respectively)
was significantly (p<0.05) higher than that of fresh
unprocessed tomatoes (9.60mg/100g). Following the
same trend as reported for lycopene, the total carotene
content of tomato powder under different pretreatment
(1.70 mg/100g, 1.50 mg/100g, and 1.56 mg/100g for
sodium benzoate, CaCl, and sodium metabisulphite
respectively) was significantly (p<0.05) higher than
that of fresh unprocessed tomatoes (1.33 mg/100g).
The reverse was the case for vitamin C; it reduced
significantly in tomato powder as compared to fresh
unprocessed tomato but, pretreatment retained more
vitamin C in the tomato powder (29.93 mg/100g, 28.59
mg/100g, and 27.45 mg/100g for sodium benzoate,
CaCl, and sodium metabisulphite respectively) when
compared to tomato powder that was pretreated at all
(20.5 mg/100g).

Table 4 represents the effect of pretreatments
on colour attributes of tomato powder. The mean
a’/b" values were significantly higher for tomato
powder pretreated with sodium benzoate (0.69)
as compared to those pretreated with CaCl, (0.39),
sodium metabisulphite (0.34) and control (0.32).
Microbial population of tomato powder reduced
drastically compared to fresh tomatoes (Table 5).
Tomato powder made from tomatoes pretreated
with sodium benzoate had the lowest microbial load
compared to pretreatment with calcium chloride
and sodium metabsulphite. No mould growth was
observed in tomato powders that were pretreated
with sodium benzoate, calcium chloride and sodium
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Table 1. Proximate composition (g/100g) of fresh tomato and tomato powder under
different pretreatments

Treatments Moisture  Protein Carbohydrate Fat Ash Fiber

Fresh tomato 9100 050° 128:008° 28920068 007+026° 089:007° 297%060°

C:HsNaO: B27+021°  2567+0615 7.30+122° 206040538 300+011° 3563+0.47°

caCl 8B87+015° 2348  + 1117:032°  2153:045% 220:010° 33.004046°
0.23°

Na:5:0s BA47+031° 244310129 1180+006%  1943:040° 202+007° 3393021

Control 840+010° 2240:026= 1120+010% 2186+ 027° 255:005¢ 3361040

Any two Mean + SD values that do not carry similar superscript in a column are significantly

different (P<0.05) according to DMRT.

C,H,NaO,, Sodium benzoate; Cacl,, Calcium Chloride; Na,S O, Sodium metabisulphite.

Table 2. Physico-chemical properties of fresh tomato and tomato powder under
different pretreatments.

Pretreatments pH TA(%) TSS (%)

Fresh tomato 3.83%0.15° 0.85 + 0.04® 4.25+0.01°
CrHsNaO: 4.07 £ 0.11° 1.30 £ 0.20° 4.10 + 0.00°
CaClz 4.10 £ 0.10® 0.89 + 0.042 4.00 +£0.00°
NazS:0s 4.00 + 0.00%" 0.88 + 0.042 4.00 + 0.00¢
Control 4.13 £0.05° 1.25 £ 0.05° 4.00 +£0.00°

Any two Mean + SD values that do not carry similar superscript in a
column are significantly different (P<0.05) according to DMRT.
C.H,NaO,, Sodium benzoate; Cacl,, Calcium Chloride; Na,S O, Sodium

metabisulphite.

metabisulphite. The bacterial load observed in tomato
powders under pretreatments was within safe limits
(ICMS, 2002).

Discussion

This study reports the quality attributes of
tomato powder exposed to chemical treatments
before drying. Pre-treatment with sodium benzoate,
calcium chloride and sodium metabisulphite before
drying has resulted in producing tomato powder
with satisfactory quality and nutritive value. Drying
tomatoes into powder form reduced the moisture
content drastically and concentrated the nutrients
present in tomatoes. A moisture content of 8.27%
- 8.87% reported in the present study is similar to
that obtained by (Jayathunge et al., 2012) in study
on a development of a methodology for production
of dehydrated tomato powder and the acceptability
of the product. The high moisture content in fresh
tomato slices predisposes it to microbial attack
and eventual spoilage. Sun-drying was effective in
reducing the moisture content of tomato powders
significantly (p<0.05) to below 10%. The increased
nutrient in tomato powder compared to fresh tomato
suggests that drying does not only extend the shelf

life of tomatoes but also concentrate the nutrient
contents.

Titratable acidity has been shown to increase with
drying (Owusu et al., 2012); the same was reported
in the present study. The increase in titratable acidity
with drying may be due to the organic acids in tomato
becoming more concentrated. Titratable acidity and
pH are interrelated in terms of acidity, but have
different impacts on food quality. While titratable
acidity impacts more on the flavour and taste quality
of products pH gives a measure of the strength of the
acid in food (Underhill, 1989). Lower pH confers
more protection against microbial growth (Sadler and
Murphy, 2010). The decreased total soluble solids
observed in dried tomato powders as compared to
fresh tomatoes is similar to that reported by Owusu et
al. (2012) but different from that reported by Ashebir
et al. (2009). However, the dry tomato slices in
Ashebir study were not subjected to pre-treatments
before drying.

Carotene and lycopene content of tomato powder
increased compared to fresh tomato. This is not
consistent with the result of Adubofuor et al. (2010)
who reported a reduction in carotene content of tomato
juice as compared to fresh unprocessed tomato.
Though, increase in temperature is thought to cause
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Table 3. Lycopene, vitamin ¢ and carotene content of fresh tomato and
tomato powder under different pretreatments

Pretreatments Lycopene Vitamin C Total Carotene (mg/100g)
(mg/100g) (mg/100g)

Fresh tomato 9.60 £ 0.19% 40.50 + 2.18°2 1.33+0.10%

CrHsNaO: 13.70 £ 0.18° 29.93 £ 0.12% 1.70 + 0.06°

CaClk 10.13 +0.18° 28.59 £ 0.51*>  1.50 + 0.02°

Na2S20s 11.91 £ 0.13¢ 27.45 1+ 0.42% 1.56 + 0.04¢

Control 11.1 £ 0.14¢ 20.5 + 0.50°° 1.66 + 0.02%

Any two Mean + SD values that do not carry similar superscript in a column are
significantly different (P<0.05) according to DMRT.

C,H,NaO,, Sodium benzoate; Cacl,,

metabisulphite.

Calcium Chloride; Na,S O, Sodium

Table 4. Colour attributes of tomato powder under different pretreatment

Pretreatments L' a’ b* ab*

CiHsNaO: 27.01£0.02° 6.65+0.28° 9.61x0.017 0.69 £0.03*
CacClz 4542 £1.19° 7.14 £0.01° 17.90+0.01° 0.39+0.00°
Naz23:0s 49.88 + 0.06° 6.79+0.03* 19.85+0.04° 0.34+0.00°
Control 46.44 £ 0.02¢ 541+0.01° 17.01£0.08° 0.32+0.00°

Any two Mean + SD values that do not carry similar superscript in a
column are significantly different (P<0.05) according to DMRT.
C,H,NaO,, Sodium benzoate; Cacl,, Calcium Chloride; Na,S O, Sodium

metabisulphite.

reduction in carotene content of tomato products, the
blanching that the tomatoes were exposed to before
drying could have played a significant role in the
retention of this nutrient.

Loss of Lycopene is dependent on the drying
technique. Destruction of Lycopene is also affected
by blanching tomatoes prior to drying. Gupta and
Nath (1984) reported that the blanched samples had
higher lycopene content than the unblanched samples.
Processing of food may improve the bioavailability
of lycopene and hence its concentration by breaking
down cell walls, which weakens the bonding forces
between lycopene and tissue matrix, thus making
lycopene more accessible and enhancing the
cisisomerization (Maguer and Shi, 2000). Lycopene
is a carotenoid with good health benefit. It is present
in a very limited number of fruits and vegetables.
The most common sources of lycopene are tomato,
watermelon, pink guava, pink grapefruit and apricot
(Rao and Agarwal, 1999). Tomato and processed
tomato products are source of lycopene. Lycopene is
one of the most efficient quencher of free radicals and
singlet oxygen species and has a potent role in the
protection of various diseases (Woodall et al., 1997).

Ascorbic acid losses during drying are results of
oxidative heat damage (Igwemmar ef al., 2013); this
influences the nutritional status of tomato powder.
The body needs vitamin C to remain in proper
working condition. Ascorbic acid is important in

Table 5. Bacterial and mould counts (10-cfu/g) of fresh
tomato and tomato powder under different pretreatments

Pretreatments Bacterial counts Mould counts
((102%cfulg) (107%cfurg)
Fresh tomato 20.33 6.00
C7H:NaO; 3.66 NG
CaCl; 7.33 NG
Naz5,0s 6.55 NG
Control 10.00 250

NG, No growth
C,H,NaO,, Sodium benzoate; Cacl,, Calcium Chloride; Na,S O,
Sodium metabisulphite.

the proper function of the immune system. As an
antioxidant, it reacts with compounds like histamines
and peroxides to reduce inflammatory symptoms. Its
antioxidant property is associated with the reduction
of cancer incidences (Lupulescu, 1990).

The value a*/b" is commonly used as an index
to report the colour quality (brightness of red
colour) of tomato (Shi et al., 1999). This variation
in redness may be due to effect of sodium benzoate
on lycopene content. Colour is an important factor
in the consumer preference of tomatoes and tomato
products (Znidar¢i¢ et al., 2003). Tomato colour
development may be described as two linked parallel
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processes; the breakdown of green components,
mainly chlorophyll, and the synthesis of red
components, mainly lycopene (Batu, 2003). Since
colour is critical in consumer preference, the effect
of chemical pretreatment prior to any dehydration
techniques must be taken into consideration.

Microbiological quality is a common criterion
used to determine the acceptability and shelf life
of dehydrated plant based products. Pre-treatments
stopped mould growth in tomato powder. The
reduction in moisture content after drying increases
storage stability of dried products (Jajathunge et al.,
2012).

Conclusion

Sun-drying is a simple technology for
dehydrating tomatoes and it has been confirmed to
enhance the quality performance of tomato powder.
Pretreatment with chemicals can further enhance the
quality of tomato powder. The present study showed
that sodium benzoate was better as compared to
calcium chloride and sodium metabisulphite in
retaining more nutrients, maintaining colour and
reducing microbial load of tomato powder produced
by sun-drying. Further studies are required to test
the sensory qualities and acceptability of pretreated
tomato powders.
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