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1- Introduction

Abstract
Wild and underutilized solanaceous taxa represent untapped reservoirs of

essential nutrients and functional biocompounds, yet their organ-specific nutrient
partitioning across contrasting ecological zones remains poorly characterized. This
study evaluated the proximate composition and biomass allocation patterns in
foliar and mature fruit tissues of 14 wild and cultivated Solanaceae species
harvested across diverse ecological zones of Pakistan. Dried botanical tissues
underwent standardized proximate quantification. Substantial interspecific and
inter-organ metabolic divergence was observed across all measured nutritional
fractions. Foliar tissues functioned as primary metabolic and inorganic sinks,
showing markedly higher ash (12.94 + 0.30% to 30.40 + 0.72%), crude protein
(14.00 + 0.35% to 27.13 £ 0.58%), and crude fiber (7.22 + 0.24% to 23.52
+ 0.64%) on a dryaveight basis. Peak foliar mineral reserves were sequestered by
Lycium persicum (30.40%) and Hyoscyamus muticus (30.38%), whereas
Datura innoxia and Solanum schimperianum yielded the highest protein contents
(27.13%). In contrast, reproductive fruit tissues operated predominantly as low-
mineral sink organs (ash: 0.001 + 0.00% to 1.01 + 0.03%; protein: 3.00 +
0.08% to 6.50 + 0.20%), channeling metabolic reserves into total carbohydrates
(82.75 £ 0.50% to 89.08 + 0.28%) and moderate lipid fractions (1.01 + 0.03%
to 5.00 = 0.15%). Moisture remained low across both dried leaves (5.74-8.35%)
and  fruits (2.904.20%), indicating favorable stability for post-harvest
valorization. These findings demonstrate pronounced sourcesink physiological
differentiation in Solanaceae and identify P. angulata, S. villosum, and L.
persicum as promising candidates for dietary diversification, nutraceutical
extraction, and indigenous bioresource valorization.

2024). Several members of this family, including

The family Solanaceae is one of the most
economically and pharmacologically important
plant families, comprising approximately 98

2,700 species distributed
worldwide particularly in tropical and subtropical

genera and over

regions (Kushwaha and Tiwari, 2025; Jan et al.,

Capsicum annuum, Solanum spp., and Physalis
angulata, are widely utilized as food crops, while
others such as Datura spp., Hyoscyamus muticus,
and Withania somnifera are recognized for their
medicinal properties. In addition to their
ethnobotanical significance, Solanaceous species
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are rich source of bioactive compounds, including
alkaloids, flavonoids, and phenolics, which
contribute to their nutritional and therapeutic
value (Yadav and Koshi, 2022; Ralte et al., 2021).
Proximate analysis is a fundamental approach for
evaluating the nutritional composition of plant
materials, providing essential information on
major constituents such as moisture, ash, crude
protein, crude fat, crude fiber, and carbohydrates.
These parameters are critical for assessing the
dietary potential of plant species and their
suitability for use in food, pharmaceutical, and
industrial application. Variation in proximate
composition are influenced by multiple factors,
including  species  diversity, plant organ,
environmental conditions, and geographical
distribution (Shahid et al., 2023; Quadri et al,,
2021).

The flora of Solanaceae is diverse and adapted to
wide range of ecological zones, from arid and semi-
arid regions to more humid environments.
Despite the abundance and traditional utilization
of many solanaceous species in Sudanese
communities, comprehensive data on their
nutritional composition remain limited (Bhatla
and Kathpalia; Uzoekwe, and Ezenwajiugo, 2023).
This gap is particularly evident for wild and
underutilized ~ species. ~ Whose  potential
contributions to food security and nutritional
health have not been fully explored.

Leaves and fruits represent two functionally
distinct plant organs with differing metabolic
roles, which is often reflected in their chemical
compositions (Aguirre et al., 2018). Leaves are
generally associated with higher protein, mineral
(ash), and fiber contents due to their involvement

in photosynthesis and metabolic activity (Kumar et
al., 2022), whereas fruits tend to accumulate
carbohydrates and water to support seed
development and dispersal (Crang et al., 2018;
Parolin et al, 2010). Therefore, comparative
analysis of these organs provides valuable insights
into the nutritional allocation strategies of plants.
The present study aims to evaluate the proximate
composition of leaves and fruits of selected
Solanaceous species collected from different
regions using standard AOAC methods. By
comparing the nutritional profiles of these species,
this work seeks to highlight their potential as
alternative source of nutrients and contribute to
the growing body of knowledge on Pakistanies
plant resources.

2- Materials and Methods

2.1. Collection Sites and Botanical Sampling
Fresh foliar and mature fruit samples of 14
representative Solanaceae species were collected
during their peak vegetative and fruiting
phenophases across diverse ecological zones of
Pakistan as depicted in Figure 1. For each taxon,
healthy disease-free specimens were harvested in
triplicate from randomized multi-point sampling
plots to obtain representative pooled biomass.
Taxonomic identities were confirmed by plant
taxonomists using the Flora of Pakistan, and
authenticated voucher specimens were deposited
in the herbarium for future reference.
Georeferencing of each collection locality was
executed on-site using a handheld GPS receiver
(Garmin Montana 700; accuracy +3 m) configured

to the WGS-84 datum.
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Withania somnifera (L.) Dunal

d fruit morphotypes of the fourteen Solanaceae species

collected across diverse ecological zones of Pakistan

Table 1. Collection sites, ecological zones, and geographic coordinates of the studied Solanaceae species in

Pakistan.
Solanaceae Species Localities Ecological Zone  Coordinates (WGS-84) Elevation
(m a.s.l.)

Capsicum annuum L. Multan (Punjab) [rrigated 30°11'52" N, 124
agricultural zone 71°28'11" E

Datura ferox L. Rawalpindi (Punjab) Subtropical 33°35'50" N, 508
wasteland 73°03'45" E

Datura innoxia Mill.  Bahawalpur (Punjab)  Arid wasteland 29°23'44" N, 116
71°40'38" E

Datura stramonium L. Abbottabad (Khyber Temperate- 34°09'22" N, 1,256
Pakhtunkhwa) subtropical 73°13'18" E
foothills

Hyoscyamus muticus Sibi (Balochistan) Hyper-arid stony 29°33'12" N, 134
L. plains 67°52'44" E

Lycium persicum Chaghi Xeric desert plains 28°53'40" N, 845
Miers (Balochistan) 64°24'15" E

Nicotiana glauca Islamabad (ICT) Disturbed riparian 33°43'16" N, 540
Graham slope 73°04'22" E

Physalis angulata L. Faisalabad (Punjab) Cultivated field 31°25'16" N, 184
borders 73°04'41" E

Solanum americanum Lahore (Punjab) Subtropical 31°32'59" N, 217
Mill alluvial plain 74°20'37" E

Solanum dubium Lasbela Coastal desert 25°52'18" N, 45
Fresen. (Balochistan) 66°35'49" E
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Solanum incanum L. Chakwal (Punjab) Pothohar plateau 32°56'02" N, 498
72°51'30" E
Solanum Khuzdar Subtropical dry 27°48'11" N, 1,230
schimperianum (Balochistan) rocky terrain 66°36'52" E
Hochst.
Solanum villosum Swat (Khyber Sub-Himalayan 34°46'24" N, 980
Mill. Pakhtunkhwa) valleys 72°21'45" E
Withania somnifera Jhelum (Punjab) Semi-arid open 32°55'43" N, 234
(L.) Dunal scrub 73°43'41" E

2.2. Plant Materials

Healthy leaf and mature fruit samples were
collected in triplicate from natural populations
across designated ecological zones of Pakistan
(Table 1). Preliminary identification was executed
in the field using standard diagnostic taxonomic
keys from the Flora of Pakistan. Definitive botanical
verification was established by cross -referencing
authenticated voucher sheets at the National
Herbarium of Pakistan (RAW), Islamabad.
Validated voucher specimens were assigned
specific accession codes and deposited in the
herbarium for permanent reference.

2.3. Proximate Analysis

The proximate analysis (carbohydrates, fats,
proteins, moisture and ash) of all plant samples
were determined by using AOAC methods
(AOAC, 2019).

2.3.1. Determination of Moisture

Three gram of dry plant material was taken in a
Petri plate and placed in oven at about 105 °C for
6 hours as described by Arif et al. (2026), cooled
in desiccator and moisture content was calculated
using the following formula;

Weight of fresh sample — Weight of dry sample

Moisture (%) =

X 100

Weight of sample

2.3.2. Determination of Ash

1 g. of dried plant materials was taken in a weighted crucible and burnt over low flame. The crucible was then

placed in furnace at 550 °C for 3 hours until white ash was obtained. The percent ash was calculated as;
Weight of sample after ashing

X 100

Ash (%) =

Weight of sample

2.3.3. Determination of Fats

Soxhlet extractor was used to get fat content of the sample. 5gm of plant material were put on paper thimble
and run for six hours on heating mantle. The percent crude fat was determined by using formula (AOAC,

2019).

Weight of beaker with fat — Weight of empty beaker

Crude Fat (%) =

X 100

Weight of original sample

2.3.4. Determination of proteins

Plant sample was added to the digestion mixture
(copper sulphate: Potassium sulphate: ferrous
sulphate: 1:18.5:0.25 (w/w/w) and 20 mL of
concentrated sulphuric acid was added to the flask
and boiled for 2 hours. The digest was transferred
to the distillation assembly and 10 mL of 40%

sodium hydroxide solution was added to the digest
in the assembly. This process was followed by
titration to remove the ammonium borate formed
in distillation process as described by Nagvi et al.
(2025). The percent protein was calculated by the
following formula;

1.4 X 6.25 x 0.1N HCl x Vol of H2 SO4

Protein (%) =

X 100

Weight of sample
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2.3.5. Determination of Carbohydrates
Carbohydrate was determined by using the
formula;

Carbohydrate % = 100 - (% moisture content + %
crude fat + % crude fiber + % Ash + % Protein)

2.4. Statistical Analysis

All proximate determinations and experimental
assays were executed in triplicate (n = 3), and
results were expressed as mean + standard
deviation (SD) on a dry weight basis as described
by Urooj & Asif (2026a) and Shabbir et al. (2026).
The generated proximate datasets were subjected
to one-way ANOVA using Statistix (version 8.1) to
test the significance of differences among the
studied solanaceous taxa. Pairwise comparison of
treatment means was accomplished using Tukey's
Honest Significant Difference (HSD) post-hoc test
at a significance of p < 0.05.

3- Results and Discussions

3.1 Proximate composition of leaves

The proximate composition of leaves across the 14
investigated solanaceous species demonstrated
substantial interspecific variation on a dry weight
basis as shown in Table 2 and Figure 2,
representing taxon-specific metabolic allocation
and physiological divergence.

Moisture content in dried leaf samples ranged
from 5.74% in Hyoscyamus muticus to 8.35% in
Physalis angulata, indicating generally low residual
moisture favorable for post-harvest preservation
and reduced microbial susceptibility. Ash content,
serving as an index of total mineral matter, was
remarkably high throughout the taxa, spanning
from 12.94% in Solanum schimperianum to
exceptional levels exceeding 30% in H. muticus
(30.38%) and Lycium persicum (30.40%). Such
elevated foliar ash values align with established
physiological patterns where vegetative organs
serve as principal accumulation sinks for macro-
and  micro-elements  translocated via the
transpirational stream (Lu et al., 2024; Song et al.,
2024; Bhatla and Kathpalia, 2023). In particular,
the values recorded in L. persicum and H. muticus
highlight their strong inorganic ion sequestration
capacity relative to other Solanaceae (Achuenu et

al., 2024; Okoli et al., 2024).

Crude protein constituted a major organic
fraction, ranging between 14.00% in H. muticus
and 27.13% in both Datura innoxia and S.
schimperianum, with D. ferox (26.41%), P. angulata
(26.25%), and D. stramonium (25.38%) displaying
comparably rich profiles. The concentration of
crude protein in leafy tissues corresponds directly
to their active role in photosynthetic apparatus
maintenance, high-turnover enzymatic systems
(such as RuBisCO), and primary nitrogen
assimilation (Staveckiené et al., 2024; Tejada-
Alvarado et al., 2023; Han et al,, 2021). The
prominent protein levels in D. innoxia, S.
schimperianum, and P. angulata underscore their
nutritional  significance  as  concentrated
nitrogenous biomass, provided toxic alkaloids
typical of certain taxa (notably Datura) are properly
accounted for.

Crude fat levels were modest across all species,
varying from 1.74% in Solanum dubium to 5.86%
in  Nicotiana glauca, followed by P. angulata
(4.50%). These low lipid contents are typical for
non-oleaginous  vegetative foliage, primarily
representing membrane phospholipids,
galactolipids, and cuticular waxes rather than
storage triacylglycerols (Ozcan et al., 2020;
Konopka et al., 2023). Crude fiber exhibited wide
variation, ranging from 7.22% in D. innoxia to
peak values of 21.10% in S. schimperianum and
23.52% in Solanum villosum. This variation reflects
structural cellwall carbohydrate accumulation
predominantly cellulose, hemicellulose, and lignin
which contributes essential dietary roughage (Ma
et al, 2023; Zhang et al, 2020). Total
carbohydrates represented the predominant dry-
matter component in most species, reaching from
24.21% in L. persicum to 40.54% in both Solanum
americanum and Solanum incanum, serving as the
primary source of metabolizable calories. Overall,
the compositional diversity among the studied
species underscores the combined effects of
genetic  heterogeneity and  regional eco-
geographical adaptation across Sudan's flora
(Garcia et al., 2025; Imran et al., 2024). The
foliage of these solanaceous plants demonstrates
substantial  nutritional  potential,  marked
especially by high crude protein in Datura and
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specific Solanum species, pronounced mineral ash
reserves in L. persicum and H. muticus, and
substantial dietary fiber fractions in S. villosum.

Table 2: Proximate composition of leaves of the studied Solanaceae species (% on dry weight basis)

Solanaceae Moisture Ash (%) Crude Crude Fat Crude Total
species (%) Protein (%) (%) Fiber (%)  Carbohydrates
(%)

Capsicum 5.79 19.86 + 23.63 357+ 9.52 + 37.64 + 0.78b

annuum 0.18f 0.45¢ 0.524 0.12¢ 0.31h

Datura ferox 7.80 % 14.01 2641 3.90 + 10.21 39.25 + 0.85%
0.22b 0.38f 0.612 0.15be 0.28¢h

Datura innoxia 6.30 + 14.94 + 27.13 330+ 7.22+0.24" 38.12+0.72%
0.15¢ 0.32¢f 0.582 0.10¢d

Datura 7.76 £ 14.10 + 25.38 £ 2.61 + 11.18 + 38.98 + 0.69ab

stramonium 0.21° 0.29fe 0.49be 0.09de 0.35%

Hyoscyamus 5.74 + 30.38 + 14.00 + 2.64 + 11.70 + 35.54 +0.81«

muticus 0.14f 0.652 0.35¢ 0.08de 0.41f

Lycium 7.34 + 30.40 + 20.13 2.03 + 15.90 + 24.21 £ 0.63f

persicum 0.19¢d 0.722 0.44¢ 0.07¢f 0.464

Nicotiana 6.24 + 19.80 + 21.00 £ 5.86 + 11.19 £ 3591 £0.74¢

glauca 0.16¢ 0.41¢ 0.50¢ 0.18 0.33f

Physalis 8.35 + 16.11 + 26.25 + 450 + 10.35 ¢ 34.44 £ 0.704

angulata 0.252 0.364 0.55b 0.14° 0.30gh

Solanum 7.14 + 18.39 + 17.50 = 2.19 + 14.24 + 40.54 + 0.892

americanum 0.20d 0.48¢d 0.42f 0.08¢f 0.39¢

Solanum 6.08 + 20.33 + 20.13 1.74 + 19.65 + 32.08 £0.68¢

dubium 0.17¢f 0.51b¢ 0.46¢ 0.06f 0.52¢

Solanum 7.14 + 18.39 17.50 + 2.19 £ 14.24 + 40.54 £ 0.822

incanum 0.184 0.39¢d 0.38f 0.07¢f 0.44¢

Solanum 7.65 + 12.94 + 27.13 2.61 + 21.10 £ 28.57 + 0.66f

schimperianum 0.23b¢ 0.30¢ 0.622 0.09de 0.58b

Solanum 7.54 + 16.87 + 18.38 + 2.01 + 23.52 31.69 £0.71¢

villosum 0.200b¢ 0.444 0.41f 0.07¢f 0.642

Withania 7.38 + 14.22 22.75 2.42 + 16.45 + 36.78 + 0.77%

somnifera 0.19< 0.33% 0.514 0.08¢ 0.474

3.2 Proximate composition of fruits Across all taxa, fruit moisture levels were

The proximate composition of fruits across the 12
investigated solanaceous taxa exhibited distinct
interspecific patterns on a dry weight basis as
presented in Table 3 and Figure 3, demonstrating
how reproductive sink tissues allocate metabolic
reserves.

Moisture content in the dried fruit samples ranged
from 2.90% in Physalis angulata and Solanum
schimperianum to 4.20% in Solanum incanum.

consistently lower than those observed in
vegetative foliage, which is favorable for extending
post-harvest shelf life and minimizing microbial
spoilage during storage.

Ash content was consistently low across all fruit
samples, spanning from trace amounts of 0.001%
in S. schimperianum and 0.0035% in Withania
somnifera to a maximum of 1.01% (1.0095%) in S.

incanum. This minimal inorganic fraction in
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reproductive organs contrasts sharply with the
substantial foliar accumulation (>30% in leaves),
reflecting the selective physiological allocation of
macro- and micronutrients. While leaves act as
primary transpirational and metabolic sinks for
minerals, fruits prioritize organic assimilates and
non-mineral reserves to support seed maturation
and animal dispersal (Lu et al., 2024; Song et al.,
2024; Achuenu et al., 2024; Okoli et al., 2024).
Crude protein in fruits ranged from 3.00% in
Datura stramonium to 6.50% in Solanum dubium,
with Datura innoxia (6.10%), Hyoscyamus muticus
(5.50%), and Solanum americanum (5.20%) also
exhibiting notable levels. These values are
markedly lower than foliar protein contents (up to
27.13%), consistent with the physiological reality
that fruits are non-photosynthetic storage tissues
with lower concentrations of active enzymatic
machinery such as RuBisCO (Staveckiené et al.,
2024; Tejada-Alvarado et al., 2023; Mibei, 2018).
Nevertheless, species such as S
demonstrate an appreciable nitrogenous fraction
for wild fruit tissues.

Crude fat levels varied from 1.01% (1.005%) in
Solanum villosum to 5.00% in S. americanum,
followed closely by D. innoxia (4.00%), P. angulata
(4.00%), Datura ferox (3.90%), and S. incanum
(3.90%). While generally low as expected for non-
oilseed fleshy fruits (Ozcan et al., 2020)—these
lipid fractions reflect the inclusion of seed
cuticular waxes and embryo storage lipids, which
may supply valuable essential fatty acids in minor

dubium

quantities (Bahadir et al., 2024; Konopka et al.,
2023).

Crude fiber showed a narrow distribution across
all species, varying only between 2.01% in S.
incanum and 2.41% in S. schimperianum. Unlike
leafy organs, where structural cellulose and lignin
accumulate maintain  plant
architecture, fruit pericarp and pulp tissues
maintain  limited  structural lignification,
producing a uniform, low-fiber profile (Ma et al.,
2023; Zhang et al., 2020).

Carbohydrate content constituted the primary dry-
matter constituent of fruit samples, ranging from
3.00% in W. somnifera and 3.30% in D. innoxia to
a maximum of 6.60% in P. angulata, with most
species grouping between 4.90% and 5.40% (such
as Capsicum annuum, D. ferox, D. stramonium, H.

extensively  to

muticus, S. americanum, S. dubium, S. incanum, and
S. schimperianum). This pattern corresponds to the
primary functional role of fruit tissues as transient
energy-storage reservoirs designed to facilitate
frugivorous seed dispersal (Alves et al., 2021;
Bayang et al., 2021).

These proximate profiles reflect the influence of
genetic background and ecological adaptation to
Sudan’s arid and semi-arid environments (Garcia
et al., 2025; Imran et al., 2024; Buba et al., 2022).
The fruit proximate data establish that while
solanaceous fruits contribute lower protein and
mineral loads than foliar tissues, species such as P.
angulata, S. dubium, and S. americanum provide
meaningful contributions of carbohydrates and
lipids.

Table 3: Proximate composition of fruits of the studied Solanaceae species (% on dry weight basis)

Solanaceae species Moisture Ash (%) Crude Crude Fat Crude Total
(%) Protein (%) Fiber (%) Carbohydrates
(%) (%)

Capsicum annuum 4.10+0.122 1.01 = 5.00 = 2.90 = 223+ 84.76 + 0.452
0.03» 0.15b 0.09¢ 0.06°

Datura ferox 4.10£0.112 0.01 £ 450 + 3.90 £ 223+ 85.26 + 0.42»
0.001°b 0.13¢d 0.11b 0.07°

Datura innoxia 4.00 + 1.00 = 6.10 = 4.00 + 2.10 = 82.80 + 0.47¢
0.109b 0.022 0.18 0.120 0.05¢d

Datura stramonium 3.10 = 1.01 + 3.00 + 3.50 + 221+ 87.18 +0.362
0.09¢d 0.03» 0.08f 0.10¢ 0.06%
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Hyoscyamus muticus ~ 3.90 £ 0.10° 1.01 = 5.50 = 3.10 = 2.24 + 84.25 £ 0.41°
0.022 0.14° 0.08¢ 0.07*
Physalis angulata 2.90 +0.084 1.01 = 4.10 £ 4.00 £ 238 85.61 £0.412
0.032 0.11de 0.11° 0.082
Solanum 3.80+0.11° 1.00 = 520+ 5.00 £ 2.25+ 82.75 + 0.50¢
americanum 0.022 0.16% 0.152 0.06°
Solanum dubium 3.90 £ 0.10° 1.00 = 6.50 3.10 £ 2.16 + 83.34 + 0.48%
0.032 0.208 0.09¢ 0.06%
Solanum incanum 4.20£0.132 1.01 = 4.90 = 3.90 £ 2.01 83.98 + 0.46%
0.022 0.14¢ 0.12° 0.05¢
Solanum 290+0.07¢  0.001 + 4.50 + 3.80 £ 241« 86.39 + 0.36?
schimperianum 0.000 0.12¢4 0.10be 0.072
Solanum villosum 3.80 = 0.09® 0.01 £ 3.90 = 1.01 = 220+ 89.08 + 0.282
0.001°b 0.10e 0.03f 0.06%
Withania somnifera 4.00 = 0.004 + 5.10 3.10 £ 2.10 85.69 £ 0.402
0.112b 0.00P 0.15b¢ 0.09¢ 0.05¢d
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Figure 2: leaves proximate analysis of the studied solaneaous species (moisture, ash, protein, fat, fiber,
and carbohydrate contents on a dry weight basis)
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Figure 3: Fruits proximate analysis of the studied solaneaous species (moisture, ash, protein, fat, fiber,
and carbohydrate contents on a dry weight basis)

4- Conclusion

This study provides a comparative assessment of
proximate composition of leaves and fruits across
wild and cultivated Solanaceae species, elucidating
distinct organ-specific nutrient allocation patterns.
The findings demonstrate that vegetative foliage is
nutritionally superior to reproductive fruit tissues,
characterized by markedly higher concentrations
of crude protein (up to 27.13%), total mineral ash
(exceeding 30%), and dietary fiber (up to 23.52%).
Species such as Datura innoxia, Solanum
schimperianum, Lycium persicum, and Hyoscyamus
muticus exhibit notable potential as concentrated
reservoirs of plant-based protein and inorganic
minerals. Conversely, fruit tissues function
predominantly as low-mineral sink organs that
contribute moderate carbohydrate and lipid
fractions. The substantial interspecific variability
observed underscores the strong influence of
genetic  divergence and  eco-geographical
adaptation across the collection zones. Overall,
these wild and underutilized solanaceous taxa

possess significant dietary and

phytopharmaceutical ~ value, though further
toxicological ~ evaluations  regarding  their
characteristic alkaloid content remain essential
prior to commercial or nutritional exploitation.
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