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ABSTRACT

Research background: Tomato (Solanum lycopersicum) is a widely consumed vegetable known for its nutritional value and numerous
health benefits. In Ghana, substantial postharvest losses occur during peak harvest due to its high moisture content. This study compared
fresh and dried tomato powder from greenhouse and open-field systems to assess lycopene and antioxidant preservation.
Experimental approach: Four tomato varieties (505, 520, 101, and Prostar F1) were harvested from greenhouse cultivation, while
three varieties (Rano, Asante, and Cocoa ABA) were obtained from open-field farms in the Asante Region of Ghana. All samples
were harvested at the red ripe stage, homogenized, and analyzed for physicochemical properties, proximate composition, and
lycopene content to characterize their chemical profiles. Varieties exhibiting high lycopene levels were selected for further
evaluation of total phenolic content (TPC) and DPPH radical scavenging activity in both fresh and dried states. Drying was
conducted at 40°C for 72 h.

Results and conclusions: Lycopene content varied significantly among fresh samples (p < 0.05), with Asante, Prostar F1, and 101
recording high values of 2.832 mg/g, 2.101 mg/g, and 1.985 mg/g, respectively. TPC increased after drying, notably in Prostar F1
(from 630.95+8.65 to 1445.13 +8.00mg GAE/100 g), whereas antioxidant activity declined across varieties, with Asante
maintaining the highest activity (95.67 £ 0.37 to 83.63 = 0.30%). These findings underscore the potential of the Asante variety for
developing antioxidant-rich dried tomato products. The Asante variety may be suitable for industrial applications due to its high
lycopene and antioxidant activity, while the other varieties are more appropriate for fresh consumption.

Novelty and scientific contribution: This study reveals the Asante variety as optimal for preserving lycopene and antioxidants in
dried tomatoes. This study could have promising applications in the food industry and in ensuring food security.

1 | Introduction

Tomato (Solanum lycopersicum) is a widely consumed vegetable,
globally valued for its nutritional benefits and versatility in
various culinary applications [1]. It is used both raw and cooked
in a variety of dishes across cultures. Belonging to the family

Solanaceae, which includes many other economically important
crops, the tomato is widely cultivated in warm temperate and
tropical regions [2]. Certain planting practices such as re-
juvenation pruning, weeding, irrigation, and frost protection can
enable the tomato plant to behave as a perennial or
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semiperennial. However, they are generally cultivated as an
annual crop in commercial settings [2], and their climacteric
nature makes them highly perishable [3].

Tomato plants can be cultivated in diverse geographic regions,
either in open fields or greenhouses. In several countries,
greenhouse systems are employed for large-scale tomato pro-
duction [4]. Tomatoes can be harvested manually or mechan-
ically, depending on the scale of production. Greenhouse
cultivation provides a controlled environment that protects the
crop from extreme weather conditions and pests, leading to
improved yield and better-quality produce compared to open-
field cultivation [5, 6]. It also ensures year-round productivity
and maximizes the use of land, making it more efficient than
traditional farming methods [6].

Tomato fruits contain approximately 95% water, making them
highly perishable. The remaining 5% consists of carbohydrates,
fiber, niacin, calcium, and other nutrients essential for human
metabolism [6]. Tomatoes are also excellent sources of vitamins
A, C, and E, as well as minerals that support immune function
and disease prevention [7]. Additionally, they contain over 600
carotenoids, including lycopene [8]. Lycopene, a red-colored
hydrocarbon carotenoid (C4oHsg) of particular interest due to
its potent antioxidant activity, is responsible for many of tomato’s
health-promoting properties [9, 10].

In Ghana, tomatoes are among the most widely cultivated and
consumed vegetables, particularly in regions such as Ashanti, which
is a key tomato-producing zone. However, despite high production
levels, postharvest losses remain a major challenge, largely due to
poor handling practices, limited storage infrastructure, and in-
adequate processing facilities. According to recent studies, over 30%
of harvested tomatoes in the Ashanti Region are lost before reaching
consumers, posing significant economic and nutritional implica-
tions [11]. Enhancing postharvest processing, such as drying into
tomato powder, could reduce waste, extend shelf life, and support
food security in the region (Figure 1).

Drying is one of the most widely used food preservation tech-
niques, especially in developing countries. It reduces moisture
content, inhibits microbial and enzymatic activity, and extends
shelflife [12]. Additionally, drying reduces weight and packaging
needs, thereby lowering transportation costs [13, 14]. However,
the drying temperature can influence the nutritional and func-
tional qualities of the final product. For example, oven drying at
55°C has been shown to retain lycopene and vitamin C, pro-
ducing safe and stable tomato powder with a shelf life of up to
2 months [15]. In contrast, higher temperatures (e.g., 70°C-80°C)
may degrade heat-sensitive nutrients such as antioxidants [7].
Although freeze-drying retains more nutrients, hot air oven
drying remains a more accessible and cost-effective method for
regions with limited resources [16].

This study evaluated greenhouse and open-field tomato cultivars
for proximate composition, physicochemical properties, lyco-
pene content, and antioxidant activity, assessing the effects of
drying (40°C for 72h) on lycopene levels and antioxidant ca-
pacity with the objective of determining which cultivation system
confers superior retention of nutritional and antioxidant prop-
erties, with implications for postharvest processing strategies and
food security initiatives in Ghana.

Tomato postharvest loss in Ghana
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FIGURE 1 | Postharvest losses of tomatoes in Ghana: causes, im-

Tomato powder

pacts, and drying to powder as a mitigation strategy.

2 | Materials and Methods

2.1 | Materials and Reagents

Ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and
Folin-Ciocalteau were purchased from Sigma Aldrich (MO,
USA). Sodium hydroxide (NaOH), ethanol, acetone, hexane,
petroleum ether, and sulfuric acid (H,SO,) were of
analytical grade.

Seven (7) varieties of tomatoes used for this experiment were
obtained from two types of farms, the open field and the
greenhouse farms. The open-field varieties (Rano, Asante, and
Cocoa ABA) were purchased from a tomato seller at the Kwame
Nkrumah University of Science and Technology (KNUST)
commercial area market. The greenhouse varieties (520, 505, 101,
and Prostar F1) were obtained from the Department of Horti-
culture, KNUST. All tomatoes were purchased or harvested at
their fully red-ripe stage and authenticated at the Department of
Horticulture, KNUST. The samples were transported in an
opaque sealed container to the laboratory at the Department of
Food Science and Technology (KNUST), followed by sorting the
defective ones and washing them thoroughly with clean, flowing
tap water. The samples were portioned in Ziploc bags and stored
at —20°C until further analysis.

2.2 | Experimental Design

Both open-field and greenhouse tomato varieties were screened
for proximate composition, physicochemical properties, and
lycopene content. The highest-lycopene varieties, Asante, 101,
and Prostar F1, were selected. Briefly, 100 g of the selected va-
rieties were homogenized and pretreated with 1 g of ascorbic acid
to prevent browning [9]. The mixture was then dried in a hot air
oven at 40°C for 72 h to produce a powdered form. Subsequently,
lycopene, color, total phenolic content (TPC), and DPPH radical
scavenging activity were determined using appropriate standard
methods.

2.3 | Proximate Analysis

Moisture content was determined according to the method de-
scribed by Fssai [17]. Briefly, 5.0 g of both fresh samples were
accurately weighed into predried and tared moisture dishes. The
dishes were then placed in a hot air oven maintained at 105 + 2°C
for 4h or until a constant weight was attained. After drying, the
dishes were cooled in a desiccator and reweighed. The moisture
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content (%) was calculated as follows: Moisture content (%) =
(W2-W1)/W1 x100/1.

Where W2 is the initial weight of the sample (g), and W1 is the
weight after drying (g)

The method described by Nielsen [18] was used in determining
the ash content. Briefly, 5.0 g of fresh samples were weighed into
tared crucibles and incinerated in a muffle furnace at 600°C for
6 h until a light gray ash was obtained. After cooling to 250°C,
crucibles were carefully removed, cooled in a desiccator, and
weighed. The recorded weights were used to calculate the ash
content as follows:

(W3 —W1)/(W2 - W1) %1

5 00, ¢Y)

Ash (%) =

(sample — blank) X 0.014 x 0.1N.HCI x 100 X 6.25)/(weightof sample) <1

where W1 is the weight of the empty crucible, W2 is the weight of
the crucible plus the sample before ashing and W3 is the weight
of the crucible plus ash after ashing.

Protein content was determined by the Kjeldahl method [2, 18].
Briefly, 0.2 g of both fresh samples were weighed into Kjeldahl
digestion tubes. H,SO,4 (10 mL) and a catalyst were added to digest
the samples until clear. The digested samples were cooled, diluted
with distilled water, and 10 mL of the diluted solution was neu-
tralized with excess NaOH. Subsequently, 10 mL of 4% boric acid
was placed in a 250 mL conical flask, into which 100 mL of the
neutralized sample was distilled. The distillate was titrated with
0.0239 M hydrochloric acid using two drops of mixed indicator.
Protein content was calculated using the formula as follows:

00, @)

protein(%) =

where sample and blank are the titrant volumes (mL).

Fat content was determined by the standard continuous solvent
extraction method using petroleum ether (Goldfish method) as
described by Nielsen [18]. Samples were accurately weighed into
preweighed extraction thimbles and placed in the extraction ap-
paratus. Petroleum ether was used as the extraction solvent and
allowed to reflux continuously over the samples for 4 h. Following
extraction, the solvent was evaporated by drying the extraction flask
at 100°C for 30 min. The flask was then cooled in a desiccator and
weighed. Fat content (%) was calculated as follows:

w2-W2-wn o 3)

fat(%) = G mpleweight(g) < 0%

where W2 and W1 represent the weights of the extraction flask
before and after fat extraction, respectively.

Crude fiber was determined according to the standard Soxhlet
extraction method [19]. Briefly, 5.0g the samples were boiled
with 100 mL of 1.25% H,SO, under reflux for 30 min. The
mixture was filtered and washed with distilled water until acid-
free. The residue was then boiled with 100 mL of NaOH solution
under reflux for another 30 min, filtered using a preweighed
crucible, and washed until neutral. The crucible was oven-dried
at 110°C for 2 h, cooled in a desiccator, and weighed. It was then
ignited in a muffle furnace at 600°C for 30 min, cooled, and
reweighed. The crude fiber content (%) was calculated based on
the difference in weight before and after ashing.

(W2 —W1)

crudefiber (%) = (W1 X 100Y

“
where W1 is the weight of the sample, W2 is the weight of the
crucible and dried residue and W3 is the weight of the crucible
and ash.

2.4 | Physicochemical Analysis

The pH was measured using a calibrated Mettler Toledo
pH meter (model: Seven Compact pH/S220). Dried samples were
reconstituted and analyzed using the same procedure. The
pH readings were taken in triplicates.

3

Total soluble solids (TSSs) were determined using a Reichert
AR200 digital refractometer. Briefly, homogenized filtered fresh
samples and reconstituted dried samples were applied to the
illumination plate, and the Brix values were recorded in
triplicate.

Color parameters of fresh and dried tomato samples were
measured using a Chroma Meter CR-410 (Konica Minolta Inc.,
Japan) based on the Hunter Lab scale. The L* value denotes
lightness (0 =black, 100 = white), a* indicates red-green in-
tensity, and b* represents yellow-blue intensity [19]. The total
color difference AE was calculated as

AE = \/ ({(L*)2 + (@) + (b*)? }) )

where L*, a* and b* represent the lightness, red-green, and
yellow-blue values, respectively.

2.5 | Extraction and Quantification of Lycopene

The quantification of lycopene in both fresh and dried tomato
samples was carried out using a spectrophotometric method as
described by Fish et al. [20], with slight modifications. Briefly,
0.6 g of the homogenized tomato sample was accurately weighed
into a test tube, followed by the addition of 5 mL of acetone, 5 mL
of 95% ethanol, and 10 mL of hexane. The mixture was vortexed
for 15 min while kept in an ice bath to enhance extraction ef-
ficiency. Subsequently, 3 mL of distilled water was added and
vortexed for 5min. The sample was allowed to stand at room
temperature for 5 min to facilitate phase separation. The upper
hexane layer, containing the lycopene extract, was carefully
collected. The absorbance was measured at 503 nm using hexane
as the blank.

2.6 | Antioxidant Activity

Fresh and dried homogenized tomato samples were extracted
using 50% acetone. One gram (1 g) of each sample was placed in
a test tube, mixed with 10 mL of 50% acetone, vortexed for 2 min,
and kept in the dark for 10 min. This extraction was repeated
twice, yielding a total volume of 30 mL. The mixture was then
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centrifuged at 4000 rpm for 4 min, and the supernatant was
obtained for subsequent experiments [21].

TPC was measured using the Folin-Ciocalteu method [22].
Sample extracts (100xL) were mixed with 0.2mL of
Folin-Ciocalteu reagent and 2.0 mL of distilled water, then in-
cubated at room temperature for 3 min. Subsequently, 1.0 mL of
20% sodium carbonate was added, and the mixture was incubated
for 1h at room temperature. Absorbance was measured at
765nm using a spectrophotometer (Mettler Toledo UV5). The
TPC was calculated from a standard curve of gallic acid (R? =
0.9946), and the results are expressed as gallic acid equivalents
(GAE), in milligrams per 100 g of dry matter.

The antioxidant activity of the extracts was evaluated using the
DPPH radical scavenging assay [23]. Briefly, 3mL of tomato
extract was mixed with 1mL of 0.1 mM DPPH solution in
methanol. The mixture was incubated at 37°C for 30 min in the
dark, after which the absorbance was measured at 517 nm
against a methanol control using a spectrophotometer. The
percentage of inhibition was calculated by comparing the ab-
sorbance of the sample to that of the control using the following
equation:

(Ao — A1)

7T 100,  (6)

DPPHscavengingactivity (%) =
where Ao 1s the absorbance of the control and Al is the ab-
sorbance of the sample.

3 | Results and Discussion

The proximate composition analysis of the seven tomato varieties
revealed notable variability in moisture, ash, protein, fat, and
crude fiber content, reflecting inherent genetic and environ-
mental influences on their nutritional profiles (Table 1).

Moisture content, ranging from 94.35% to 96.86%, was within the
typical range reported for fresh tomatoes [24]. The higher
moisture levels observed in varieties such as Rano and Cocoa
ABA could influence their postharvest shelf life and susceptibility
to microbial spoilage, emphasizing the need for effective drying
or preservation methods to reduce postharvest losses, which are
significant in Ghanaian tomato production systems [11].

Ash content, indicative of total mineral content, was relatively
uniform across varieties, suggesting comparable mineral accu-
mulation despite differences in cultivation systems. This aligns
with findings from other studies reporting minor variation in
mineral content among tomato cultivars [25]. The slightly higher

ash content in variety 505 may suggest marginally better mineral
nutrition, potentially advantageous for dietary mineral intake.

Protein levels varied considerably, with varieties 520 and 101
exhibiting higher protein content (2.13% and 2.29%, respectively).
Though tomatoes are not primary protein sources, this variability
may contribute modestly to nutritional value, especially in diets
relying on plant-based foods [26].

Fat content was low across all varieties, consistent with the
known low lipid profile of tomatoes [27]. However, variations
were noted, with 505 and Prostar F1 showing relatively higher fat
content, which may influence sensory properties like flavor and
mouthfeel.

Dietary fiber is crucial for digestive health, and higher fiber
content enhances the functional value of tomatoes [28]. Crude
fiber content showed significant differences, particularly with
Asante and Rano varieties containing notably higher fiber levels
(1.9% and 1.27%, respectively). The differences might also affect
texture and drying characteristics, as fiber contributes to water
binding and structural integrity.

These compositional differences underline the importance of
variety selection based on the desired nutritional profile and
intended use. For example, varieties with higher fiber and
moderate moisture, such as Asante and Rano, might be better
suited for drying into powders or functional food ingredients due
to potentially improved drying efficiency and retention of health-
promoting components. Conversely, varieties with higher pro-
tein content, like 101 and 520, may appeal more for fresh con-
sumption, where nutritional diversity is prioritized. Moreover,
understanding these compositional parameters aids in opti-
mizing processing conditions to maximize nutrient retention,
particularly for bioactive compounds such as lycopene and
phenolics, which are sensitive to moisture and thermal degra-
dation during drying [29]. Such insights are valuable for reducing
postharvest losses and enhancing the value addition of tomatoes
in Ghana.

Tomatoes possess valuable physicochemical properties, in-
cluding pH, titratable acidity, TSSs, and color attributes, all of
which influence processing quality, shelf life, and consumer
acceptance.

Low pH and moderate acidity contribute to natural preservation
and flavor enhancement in tomatoes [30]. This study revealed
a significant difference in the pH values among the fresh tomato
varieties, likely due to variations in their citric acid content [31].
The pH values ranged from 3.815 (Rano) to 4.485 (505),

TABLE 1 | Proximate analysis of different fresh tomato cultivars.
Variety %Moisture %Ash %Protein %Fat %Crude fiber
505 94.345 + 0.22° 0.611 +0.02* 1.020 £ 0.00% 1.117 £ 0.09° 0.310 £ 0.07°
520 96.025 + 0.01° 0.379 +0.02* 2.13 £ 0.00° 0.792 +0.01° 0.268 + 0.01%°
101 96.095 + 0.06™ 0.374+0.12% 2.292 + 0.00° 0.689 +0.07° 0.033 +0.00*
Prostar F1 95.546 4 0.02° 0.355 +0.12? 1.216 + 0.12° 0.904 £ 0.07" 0.068 & 0.00*°
Rano 96.860 + 0.18° 0.375 + 0.00* 1.465 + 0.06* 0.057 % 0.00° 1.273 £ 0.06°
Asante 96.454 4 0.03% 0.443 +0.02% 1.308 £ 0.19* 0.094 + 0.01° 1.886 + 0.00°
Cocoa ABA 96.818 + 0.01¢ 0.385 + 0.00* 1.158 & 0.04* 0.083 + 0.01° 1.226 £ 0.07°

Note: Data are represented as mean + SEM (n = 2). Values in the same column with different alphabetical superscripts are significantly different at p < 0.05.
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indicating typical acidity levels for ripe tomatoes [32]. Varieties
Rano and Asante had notably lower pH values (3.815 and 3.940,
respectively), suggesting higher acidity, which can influence
taste, microbial stability, and shelf life. Higher acidity is often
preferred in tomato products to enhance flavor and act as
a natural preservative. Conversely, varieties 505, 520, and Prostar
F1I had higher pH values above 4.3, which might result in milder
taste profiles. According to Akbudak et al. [33], pH levels below
4.5 are beneficial for product quality, as they inhibit the pro-
liferation of microorganisms during industrial processing. The
low pH observed in the dried tomato powder suggests microbial
safety and shelf stability, making them suitable for cost-effective
preservation and industrial processing.

TSSs are closely associated with the sweetness and nutritional
quality of tomato fruit, reflecting the concentration of sugars and
organic acids in the pulp [30, 34]. The highest TSS values were
recorded in Rano (4.7°Brix) and Asante (4.6°Brix), indicating
these varieties are likely sweeter and more flavorful. The lowest
TSS was found in 520 (3.0°Brix), with other varieties ranging
between 3.2 and 3.6°Brix. Higher TSS indicates sweetness and is
generally preferred for fresh consumption and industrial pro-
cessing into sauces or concentrates [35].

Color is a critical quality parameter influencing consumer
preference for tomatoes and tomato-derived products [35]. All
varieties had similar brightness levels (AL) (34.8-39.4), with
Rano, Asante, and Cocoa ABA exhibiting slightly higher values
(39.2), suggesting these varieties may appear visually brighter or
lighter. However, Prostar F1 showed the highest redness value
(16.26), significantly higher than other varieties, indicating
a more intense red color, which is desirable in tomatoes. Other
varieties had Aa values ranging from 10.18 to 14.45. The redness
is a key visual quality parameter, as it is associated with lycopene
content and ripeness [36]. The highest yellowness was observed
in Rano (6.7) and Asante (6.38), whereas varieties like 520 (3.98)
and 101 (4.5) had lower yellowness. Yellowness can influence
perceived ripeness and consumer preference [37].

This study reveals that Rano and Asante have lower pH and
higher TSS, suggesting that they could offer a sweeter and more
acidic flavor profile favorable for fresh consumption and pro-
cessing [32]. Prostar F1, on the other hand, has higher redness
(Aa), indicating strong color appeal, potentially linked to higher
lycopene levels, making it suitable for markets valuing visual
quality (Table 2). The variation in color parameters among

TABLE 2 | Physicochemical analysis of different fresh tomato cultivars.

TABLE 3 | Lycopene content of different fresh and dried tomato
cultivars.

Lycopene (mg/g)

Variety -
Fresh Dried

505 1.339 £0.21* ND

520 1.060 £0.12* ND

101 1.985 +0.22° 0.44 4+ 0.06*
Prostar F1 2.101 + 0.00° 0.510 +0.01*
Rano 1.481 £+ 0.24* ND
Asante 2.832 4+0.03¢ 0.896 + 0.06°
Cocoa ABA 1.424 £0.01* ND

Note: Data are represented as mean + SEM (n = 2). Different superscript letters
indicate significant differences (p < 0.05). Values in the same column with different
alphabetical superscripts are significantly different at p < 0.05.

Abbreviation: ND =not determined.

varieties could also influence their processing behavior and
product appeal.

Antioxidants are vital compounds that protect the body from
damage caused by oxidative stress and free radicals. Antioxidant-
rich foods, including tomatoes, contribute to overall health and
reduce the risk of many chronic diseases. Phenolic compounds
and lycopene are examples of antioxidants that contribute sig-
nificantly to the nutritional quality of foods [38]. These com-
pounds, particularly phenolic acids, are metabolic intermediates
that typically accumulate in plant vacuoles. Due to the presence
of hydroxyl groups, they exhibit strong antioxidant activity by
neutralizing reactive oxygen species (ROS) [39].

Lycopene is a potent antioxidant carotenoid predominantly
found in tomatoes, capable of efficiently neutralizing ROS due to
its extended system of conjugated double bonds. In this study, the
lycopene content of fresh tomatoes from open-field and green-
house systems ranged from 1.060 +0.12 to 2.832 £ 0.03 mg/g.
The highest concentrations were recorded in Asante (2.832 +
0.03 mg/g), Prostar F1 (2.101 4 0.01 mg/g), and 101 (1.985+
0.22 mg/g) varieties (Table 3). The open-field variety Asante
exhibited the highest lycopene level, suggesting that its genetic
makeup, cultivation techniques, and environmental conditions
may have contributed to increased lycopene biosynthesis [4, 6].
The high-lycopene varieties were dried in a hot-air oven at 40°C
for 72h. Lycopene content decreased across all varieties after
drying, likely due to thermal degradation. This aligns with

Color
Varie H TSS (Brix
ty P (Brix) AL Aa Ab

505 4.485 4 0.01¢ 3.600 % 0.00° 35.540 & 0.722 13.785 4 0.26% 5.040 £ 0.128%¢
520 4.405 £ 0.01¢ 3.000 + 0.00° 37.040 &+ 0.17% 10.185 4 0.16% 3.980 + 0.05°
101 4.340 £ 0.01° 3.550 & 0.01° 35.985 + 1.09% 12.750 £ 0.67% 4.505 +0.27%°
Prostar F1 4.450 +0.01¢ 3.200 + 0.00%° 34.850 & 2.372 16.260 & 2.18° 5.625 + 0.85%%¢
Rano 3.815 £ 0.01° 4.700 + 0.00° 39.415 £ 0.10% 13.985 4 0.35%° 6.705 4 0.01°
Asante 3.940 +0.02° 4.600 £ 0.20° 39.160 & 0.05% 14.445 £ 0.02%° 6.380 £ 0.03%
Cocoa ABA 3.985 +0.04° 3.300 £ 0.10%° 39.250 & 0.14% 12.270 & 0.10%° 4.675 4 0.01%°

Note: Data are represented as mean + SEM (n = 2). Values in the same column with different alphabetical superscripts are significantly different at p < 0.05.
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TABLE 4 | Antioxidant activity of different fresh tomato cultivars.

TPC mg GAE/100g

% DPPH scavenging activity

Variety ; X
Fresh Dried Fresh Dried
101 833.90 + 0.65% 879.63 + 0.60% 95.07 + 1.60° 82.61 + 1.60°
Prostar F1 630.95 =+ 8.65° 1445.13 + 8.0° 93,17 £ 0.25° 80.52 =+ 0.20°
Asante 756.36 & 9.42° 1188.64 +9.0° 95.67 + 0.37° 83.63 £ 0.30°

Note: Data are represented mean & SEM (n = 2). Values in the same column with different alphabetical superscripts are significantly different at p < 0.05.

findings by Srivalli et al. [9], who observed substantial lycopene
degradation and isomerization during conventional air drying,
possibly due to prolonged exposure to heat and oxygen. Similarly,
Srivalli et al. [9] reported a significant reduction (p < 0.05) in
lycopene content in dried tomato powder using the same drying
method. In contrast, Yusufe et al. [31] observed an increase in
lycopene content when tomatoes were dried at higher temper-
atures (70°C-90°C) for 8 h, which may reflect varietal differences
and processing conditions. Our study suggests that conventional
hot air drying at low temperatures still led to significant lycopene
degradation due to prolonged heat exposure and oxidation.

All varieties showed an increase in TPC after drying. Prostar F1
exhibited the most significant increase, with TPC rising from
630.95 to 1445.13 mg GAE/100g, more than doubling its phenolic
concentration. Asante and 101 also showed increased TPC after
drying, reaching 1188.64 and 879.63 mg GAE/100g, respectively.
This increase may be primarily due to moisture loss during
drying, which concentrates phenolic compounds per unit weight
[32]. Additionally, drying can enhance the extractability of bound
phenolics by breaking down cell walls [40] or through ascorbic
acid pretreatment.

All 3 varieties of tomatoes showed high free radical scavenging
activity, which ranged from 93% to 95%, with Asante recording
the highest scavenging activity (95.67 +0.37). According to
Chang et al. [41], tomato has tremendous scavenging activity,
ranging from 87.7% to 99.7%. Despite the increase in TPC,
antioxidant activity measured by DPPH scavenging decreased
after drying in all varieties (Table 4). Fresh samples of Asante
and 101 showed high antioxidant activity (95%), while Prostar
F1 was slightly lower (93%). After drying, activity dropped to
approximately 80%-83%, with Asante retaining the highest
activity (83.63%), followed by 101 (82.61%) and Prostar F1
(80.52%). This reduction suggests that some phenolic com-
pounds or other antioxidants may degrade or lose efficacy
during the drying process [42]. A study by Diaz-Moreno [43]
reported much lower antioxidant activity (0.15%-0.17%) in
tomato samples dried at higher temperatures (50°C-70°C),
highlighting the need to consider drying temperature as
a critical factor in preserving antioxidant properties. This study
demonstrated that the Asante variety retained relatively high
TPC and antioxidant activity following drying, highlighting its
potential as a promising candidate for products aimed at
preserving antioxidant properties.

4 | Conclusions

This study revealed significant variations among tomato varieties
in their nutritional and physicochemical characteristics. Open-
field tomatoes exhibited higher fresh-state lycopene levels, which

may be attributed to increased solar radiation and environmental
stress stimulating carotenoid biosynthesis. In contrast, green-
house cultivation produced more stable lycopene concentrations
and enhanced protein and crude fat content under controlled
conditions, whereas open-field conditions promoted higher
crude fiber and moisture content. Drying notably reduced ly-
copene content and antioxidant activity but concentrated total
phenolic compounds. Among the varieties tested, the open-field
Asante variety demonstrated superior retention of lycopene and
antioxidant capacity postdrying, highlighting its potential for
industrial processing and functional food development. Con-
versely, the other varieties were better suited for fresh con-
sumption. These findings underscore the importance of varietal
selection in optimizing both the nutritional quality and pro-
cessing performance of tomato products, while also contributing
to food security in Ghana by reducing postharvest losses and
extending tomato shelf life.

Funding

There are no funding sources for this research work.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. T. J. Gaware, N. Sutar, and B. N. Thorat, “Drying of Tomato Using
Different Methods: Comparison of Dehydration and Rehydration Ki-
netics,” Drying Technology 28, no. 5 (2010): 651-658, https://doi.org/
10.1080/07373937.2021.1910832.

2. H. K. Maurya, R. Lata, S. Sundar, D. Mitra, H. Singh, and G. Yadav,
“Scientific Advances in Tomato (Solanum lycopersicum L.) Cultivation,
Agronomic Innovation and Genetic Improvement: A Comprehensive
Review,” Journal of Advances in Biology & Biotechnology 28, no. 10 (2025):
781-803, https://doi.org/10.9734/jabb/2025/v281103103.

3. I. Dominguez, J. L. Del Rio, V. Ortiz-Somovilla, and E. Cantos-Villar,
“Technological Innovations for Reducing Tomato Loss in the Agri-Food
Industry,” Food Research International 203 (2025): 115798, https://
doi.org/10.1016/j.foodres.2025.115798.

4. M. Dorais, A. P. Papadopoulos, and A. Gosselin, “Greenhouse Tomato
Fruit Quality,” Horticultural Reviews 26 (2002): 239-319, https://doi.org/
10.1002/9780470650806.ch5.

5. J. Chacha, M. Thirumalai, O. Idawa, et al., “Greenhouse and open-field
Tomato Farming. A Comparison Through Yield and Growth Parameters
Investigated in Dar es Salaam,” Innovations in Agriculture 6 (2023):
€32876, https://doi.org/10.25081/ia.2023-02.

6 of 8

Journal of Food Quality, 2026

85U8017 SUOWIWOD /181D (el (dde au Aq peusenob afe sejonre O 8sn Jo seini Joj AriqiT8uluO 8|1 UO (SUORIPUOD-pU-SWLR}W0D" A3 1M Afeiq el |UO//:SANY) SUORIPUOD pUe Swie 1 8y} 89S *[9202/90/LT] Uo AriqiTaulluo 8|1 Bi00Y -Bueys Jo A1seAluN Aq 90ETY09/b4/SSTT 0T/10p/W0D A8 |im Aleiq Ul U/ SNy WOy pepeoumod ‘T ‘9202 ‘5609


http://doi.org/10.1080/07373937.2021.1910832
http://doi.org/10.1080/07373937.2021.1910832
http://doi.org/10.9734/jabb/2025/v28i103103
http://doi.org/10.1016/j.foodres.2025.115798
http://doi.org/10.1016/j.foodres.2025.115798
http://doi.org/10.1002/9780470650806.ch5
http://doi.org/10.1002/9780470650806.ch5
http://doi.org/10.25081/ia.2023-02

6. R.Rawal, D. M. Gautam, R. B. Khadka, et al., “Fruit Quality Characters
of Tomato (Solanum lycopersicum) Genotypes Differed by Maturity
Stages,” in In5th International Conference on Agriculture, Environment
and Biological Sciences (ICAEBS-16) (2016), https://doi.org/10.17758/
TAAST.A0416069.

7.J. O. Olaniyi, W. B. Akanbi, T. A. Adejumo, and O. G. Akande,
“Growth, Fruit Yield and Nutritional Quality of Tomato Varieties,”
African Journal of Food Science 4, no. 6 (2010): 398-402.

8. C. S. Marques, M. J. Lima, J. Oliveira, and E. T. Lemos, “Tomato
Lycopene: Functional Proprieties and Health World Academy of Science,
Engineering and Technology,” International Journal of Biological, Bio-
molecular, Agricultural, Food and Biotechnological Engineering 9, no. 10
(2015): 1089-1099, https://doi.org/10.14257/ijsh.2015.9.10.19.

9. R. Srivalli, B. A. Kumari, K. U. Maheswari, B. Prabhakar, and
W. J. Suneetha, “Physicochemical Properties of Three Different Tomato
Cultivars of Telangana, India and Their Suitability in Food Processing,”
IRA-International Journal of Applied Sciences 4, no. 3 (2016): 482-489,
https://doi.org/10.21013/jas.v4.n3.p12.

10. L. Sandei, A. Aldini, C. Leoni, F. D. Sio, and R. Tamburini, “Effect of
Storage Conditions on Lycopene Content in Tomato Purees Obtained
with Different Processing Techniques [Pilot plants-Emilia-Romagna],”
Industria Conserve 74, no. 4 (1999).

11. C. A. Wongnaa, E. D. Ankomah, T. O. Ojo, E. Abokyi, G. Sienso, and
D. Awunyo-Vitor, “Valuing Postharvest Losses Among Tomato Small-
holder Farmers: Evidence From Ghana,” Cogent Food & Agriculture 9,
no. 1 (2023): 2187183, https://doi.org/10.1080/23311932.2023.2187183.

12. G. V. Barbosa-Canovas, Jr A. J. Fontana, S. J. Schmidt, and
T. P. Labuza, eds., Water Activity in Foods: Fundamentals and Appli-
cations (John Wiley & Sons, 2020), https://doi.org/10.1002/
9781118765982.

13. A. M. Saad, A. Ibrahim, and N. El-Bialee, “Internal Quality As-
sessment of Tomato Fruits Using Image Color Analysis,” Agricultural
Engineering International: CIGR Journal 18, no. 1 (2016): 339-352.

14. 1. Marcu, G. L. Radu, and A. M. Dancild, “Analysis of the Antioxidant
Capacity of Whole-Fruit Tomato Powder Using the Ferric Reducing
Antioxidant Power (FRAP) Assay—An Eco-Friendly Approach for the
Valorization of Horticultural Products,” Horticulturae 11, no. 9 (2025):
1145, https://doi.org/10.3390/horticulturae11091145.

15. J. Surendar, D. M. Shere, and P. D. Shere, “Effect of Drying on Quality
Characteristics of Dried Tomato Powder,” Journal of Pharmacognosy and
Phytochemistry 7, no. 2 (2018): 2690-2694.

16. M. Minuye, A. Yenasew, and S. Belew, “Effect of Drying Method on
the Nutritional and Antioxidant Properties of Mango, Avocado, and
Tomato,” Journal of Horticultural Research 32, no. 1 (2024): 43-50,
https://doi.org/10.2478/johr-2024-0008.

17. M. Fssai, “Manual of Methods of Analysis of Foods,” Methods 16
(2015): 56-61, https://fssai.gov.in/cms/food-safety-and-standards-regula
tions.php.

18. S. S. Nielsen, “United States Government Regulations and In-
ternational Standards Related to Food Analysis,” In Food Analysis 2010
(Boston, MA: Springer US), 15-33, https://doi.org/10.1007/978-1-4419-
1478-1.

19. N. Alam, R. Amin, A. Khan, et al., “Nutritional Analysis of Cultivated
Mushrooms in Bangladesh-Pleurotus Ostreatus, Pleurotus sajor-caju,
Pleurotus Florida and Calocybe indica,” Mycobiology 36, no. 4 (2008):
228-232, https://doi.org/10.4489/MYCO.2008.36.4.228.

20. W. W. Fish, P. Perkins-Veazie, and J. K. Collins, “A Quantitative
Assay for Lycopene that Utilizes Reduced Volumes of Organic Solvents,”
Journal of Food Composition and Analysis 15, no. 3 (2002): 309-317,
https://doi.org/10.1006/jfca.2002.1069.

21. J.Moore, J. J. Yin, and L. Yu, “Novel Fluorometric Assay for Hydroxyl
Radical Scavenging Capacity (HOSC) Estimation,” Journal of

Agricultural and Food Chemistry 54, no. 3 (2006): 617-626, https://
doi.org/10.1021/jf052282i.

22. OA. Giimiisay, A. A. Borazan, N. Ercal, and O. Demirkol, “Drying
Effects on the Antioxidant Properties of Tomatoes and Ginger,” Food
Chemistry 173 (2015): 156-162, https://doi.org/10.1016/
j.foodchem.2014.09.162.

23. C. R. Kiran, Y. Madhavi, and T. R. Rao, “Evaluation of Phyto-
chemicals and Antioxidant Activities of Ceiba pentandra (Kapok) Seed
Oil,” Journal of Bioanalysis & Biomedicine 4 (2012): https://doi.org/
10.4172/1948-593X.1000065.

24. S.R. Sinha, A. Singha, M. Faruquee, et al., “Post-Harvest Assessment
of Fruit Quality and Shelf Life of Two Elite Tomato Varieties Cultivated
in Bangladesh,” Bulletin of the National Research Centre 43, no. 1 (2019):
185, https://doi.org/10.1186/s42269-019-0232-5.

25. C. O. Anie, E. L. Adushoke, O. T. Egbon, and C. M. Enemchukwu,
“The Physicochemical and Microbiological Quality of Fresh Tomatoes
Juice Tomatoes Paste Sold in Abraka Market,” International Journal of
Innovative Research in Science, Engineering and Technology 7, no. 8
(2022): 2456-165, https://doi.org/10.3390/foods10010045.

26. Q. Gascuel, G. Diretto, A. J. Monforte, A. M. Fortes, and A. Granell,
“Use of Natural Diversity and Biotechnology to Increase the Quality and
Nutritional Content of Tomato and Grape,” Frontiers of Plant Science 12,
no. 8 (2017): 652, https://doi.org/10.3389/fpls.2017.00652.

27. A. S. Oyelakin, Z. O. Omotosho, F. O. Oyelakin, et al., “Variation in
Phytochemical, Proximate, Mineral and Vitamin Contents of Some Local
Tomato (Solanum lycopersicum L.) Accessions from Nigeria,” Nigerian
Journal of Seed Science 6, no. 1 (2022): 1-3.

28. L. C. Salantd and A. C. Farcas, “Exploring the Efficacy and Feasibility
of Tomato by-products in Advancing Food Industry Applications,” Food
Bioscience 28 (2024): 105567, https://doi.org/10.1016/j.tbio.2024.105567.

29. E. Demiray, Y. Tulek, and Y. Yilmaz, “Degradation Kinetics of Ly-
copene, f-carotene and Ascorbic Acid in Tomatoes During Hot Air
Drying,” LWT-Food Science and Technology 50, no. 1 (2013): 172-176,
https://doi.org/10.1016/j.1wt.2012.06.001.

30. F. Aboagye-Nuamah, Y. A. Hussein, and A. Ackun, “Biochemical
Properties of Six Varieties of Tomato from Brong Ahafo Region of
Ghana as Influenced by the Ripening Condition and Drying,” African
Journal of Food, Agriculture, Nutrition and Development 18, no. 1
(2018): 13095-13109, https://doi.org/10.18697/ajfand.81.16975.

31. M. Yusufe, A. Mohammed, and N. Satheesh, “Effect of Drying
Temperature and Duration on Nutritional Quality of Cochoro Variety
Tomato (Lycopersicon esculentum L.),” Annals: Food Science and Tech-
nology 18, no. 2 (2017).

32. T. A. Teka, “Analysis of the Effect of Maturity Stage on the Post-
harvest Biochemical Quality Characteristics of Tomato (Lycopersicon
esculentum Mill.) Fruit,” International Research Journal of Pharmaceu-
tical and Applied Sciences 3, no. 5 (2013): 180-186.

33. B. Akbudak, H. Bolkan, and N. Cohen, “Determination of Physi-
cochemical Characteristics in Different Products of Tomato Varieties,”
International Journal of Food Science and Nutrition 60, no. 1 (2009):
126-138, https://doi.org/10.1080/09637480802446621.

34. R. B. Wills, W. B. McGlasson, D. Graham, T. H. Lee, and E. G. Hall,
Postharvest an Introduction to the Physiology and Handling of Fruit and
Vegetables (1989).

35. M. Kardas, M. Rakuta, A. Kotodziejczyk, and
W. Staskiewicz-Bartecka, “Consumer Preferences, Sensory Evaluation,
and Color Analysis of Beetroot and Tomato Juices: Implications for
Product Development and Marketing in Health-Promoting Beverages,”
Foods 13, no. 24 (2024): 4059, https://doi.org/10.3390/foods13244059.

36. P. Viskelis, J. Jankauskiene, and R. Bobinaite, “Content of Carot-
enoids and Physical Properties of Tomatoes Harvested at Different
Ripening Stages,” Food Balt (2008): 166-170.

Journal of Food Quality, 2026

7 of 8

85U8017 SUOWIWOD /181D (el (dde au Aq peusenob afe sejonre O 8sn Jo seini Joj AriqiT8uluO 8|1 UO (SUORIPUOD-pU-SWLR}W0D" A3 1M Afeiq el |UO//:SANY) SUORIPUOD pUe Swie 1 8y} 89S *[9202/90/LT] Uo AriqiTaulluo 8|1 Bi00Y -Bueys Jo A1seAluN Aq 90ETY09/b4/SSTT 0T/10p/W0D A8 |im Aleiq Ul U/ SNy WOy pepeoumod ‘T ‘9202 ‘5609


http://doi.org/10.17758/IAAST.A0416069
http://doi.org/10.17758/IAAST.A0416069
http://doi.org/10.14257/ijsh.2015.9.10.19
http://doi.org/10.21013/jas.v4.n3.p12
http://doi.org/10.1080/23311932.2023.2187183
http://doi.org/10.1002/9781118765982
http://doi.org/10.1002/9781118765982
http://doi.org/10.3390/horticulturae11091145
http://doi.org/10.2478/johr-2024-0008
https://fssai.gov.in/cms/food-safety-and-standards-regulations.php
https://fssai.gov.in/cms/food-safety-and-standards-regulations.php
http://doi.org/10.1007/978-1-4419-1478-1
http://doi.org/10.1007/978-1-4419-1478-1
http://doi.org/10.4489/MYCO.2008.36.4.228
http://doi.org/10.1006/jfca.2002.1069
http://doi.org/10.1021/jf052282i
http://doi.org/10.1021/jf052282i
http://doi.org/10.1016/j.foodchem.2014.09.162
http://doi.org/10.1016/j.foodchem.2014.09.162
http://doi.org/10.4172/1948-593X.1000065
http://doi.org/10.4172/1948-593X.1000065
http://doi.org/10.1186/s42269-019-0232-5
http://doi.org/10.3390/foods10010045
http://doi.org/10.3389/fpls.2017.00652
http://doi.org/10.1016/j.fbio.2024.105567
http://doi.org/10.1016/j.lwt.2012.06.001
http://doi.org/10.18697/ajfand.81.16975
http://doi.org/10.1080/09637480802446621
http://doi.org/10.3390/foods13244059

37. R. Arias, T. C. Lee, L. Logendra, and H. Janes, “Correlation of Ly-
copene Measured by HPLC with the L, a, B Color Readings of a Hy-
droponic Tomato and the Relationship of Maturity with Color and
Lycopene Content,” Journal of Agricultural and Food Chemistry 48, no. 5
(2000): 1697-1702, https://doi.org/10.1021/jf990974e.

38. E. ElShamey, Y. Zeng, Y. Ding, and J. Yang, “Functional Phyto-
chemicals in Tomatoes: Biosynthesis, Gene Regulation, and Human
Health Implications,” Frontiers in Plant Science 16 (2025): 1662388,
https://doi.org/10.3389/fpls.2025.1662388.

39. I. Martinez-Valverde, M. J. Periago, G. Provan, and A. Chesson,
“Phenolic Compounds, Lycopene and Antioxidant Activity in Com-
mercial Varieties of Tomato (Lycopersicum Esculentum),” Journal of the
Science of Food and Agriculture 82, no. 3 (2002): 323-330, https://doi.org/
10.1002/jsfa.1035.

40. J. Azmir, L. S. Zaidul, M. M. Rahman, et al., “Techniques for Ex-
traction of Bioactive Compounds From Plant Materials: A Review,”
Journal of Food Engineering 117, no. 4 (2013): 426-436, https://doi.org/
10.1016/j jfoodeng.2013.01.014.

41. C. H. Chang, H. Y. Lin, C. Y. Chang, and Y. C. Liu, “Comparisons On
The Antioxidant Properties Of Fresh, Freeze-Dried And Hot-Air-Dried
Tomatoes,” Journal of Food Engineering 77, no. 3 (2006): 478-485, https://
doi.org/10.1016/j.jfoodeng.2005.06.061.

42. B. Sultana, F. Anwar, M. Ashraf, and N. Saari, “Effect of Drying
Techniques on the Total Phenolic,” Journal of Medicinal Plants Research
6 (2012): 161-167, https://doi.org/10.5897/JIMPR11.916.

43. A. C. Diaz-Moreno, “Effect of Airdrying Process on the Physico-
chemical, Antioxidant, and Microstructural Characteristics of Tomato
Cv,” Chonto. Agronomia Colombiana 35, no. 1 (2017): 100-106, https://
doi.org/10.15446/agron.colomb.v35n1.57727.

8 of 8

Journal of Food Quality, 2026

85U8017 SUOWIWOD /181D (el (dde au Aq peusenob afe sejonre O 8sn Jo seini Joj AriqiT8uluO 8|1 UO (SUORIPUOD-pU-SWLR}W0D" A3 1M Afeiq el |UO//:SANY) SUORIPUOD pUe Swie 1 8y} 89S *[9202/90/LT] Uo AriqiTaulluo 8|1 Bi00Y -Bueys Jo A1seAluN Aq 90ETY09/b4/SSTT 0T/10p/W0D A8 |im Aleiq Ul U/ SNy WOy pepeoumod ‘T ‘9202 ‘5609


http://doi.org/10.1021/jf990974e
http://doi.org/10.3389/fpls.2025.1662388
http://doi.org/10.1002/jsfa.1035
http://doi.org/10.1002/jsfa.1035
http://doi.org/10.1016/j.jfoodeng.2013.01.014
http://doi.org/10.1016/j.jfoodeng.2013.01.014
http://doi.org/10.1016/j.jfoodeng.2005.06.061
http://doi.org/10.1016/j.jfoodeng.2005.06.061
http://doi.org/10.5897/JMPR11.916
http://doi.org/10.15446/agron.colomb.v35n1.57727
http://doi.org/10.15446/agron.colomb.v35n1.57727

	Effect of Drying on the Preservation of Lycopene and Antioxidant Activity in Tomato Varieties From the Ashanti Region of Ghana
	1. Introduction
	2. Materials and Methods
	2.1. Materials and Reagents
	2.2. Experimental Design
	2.3. Proximate Analysis
	2.4. Physicochemical Analysis
	2.5. Extraction and Quantification of Lycopene
	2.6. Antioxidant Activity

	3. Results and Discussion
	4. Conclusions
	Funding
	Conflicts of Interest
	Data Availability Statement




