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ABSTRACT

ARTICLE INFO

An extensive body of research has consistently shown that most plants utilized as herbs
possess therapeutic properties and serve as reservoirs of both nutritional and non-
nutritive compounds. A diverse array of these compounds demonstrates a broad
spectrum of health advantages, encompassing antioxidant and antibacterial properties
that help protect the human body against infections and cellular oxidative processes.
This study examines the vitamin, mineral, and nutritional makeup of three well-known
African spices: African nutmeg (Monodora myristica), African guinea pepper (Xylopia
aethiopica), and West African black pepper (Piper guineense). Though their extensive
nutritional profiles are less well-documented in scientific research, these spices are
essential to traditional African medicine and food. The study adopted the experimental
method, and the samples were analyzed in triplicates. The IBM SPSS (version 25)
statistical package was used in analyzing the results. The results show that P. guineense
has the highest Iron content (68.75 mg/dl), Sodium content (287 mmol/L), and Chromium
content (8.5 mg/dl); X. aethiopica has the highest Manganese content (3.35 mg/dl), while
M. myristica is very high in sodium (287 mmol/L), potassium (304.50 |U) and phosphorus
(282.20 mg/dl). P. guineense is richest in vitamin A (1747. 52 |U), and vitamin B2 (0.12
mg/dl), while M. myristica gave the highest amount of vitamin D (65.0 IU) and vitamin E
(6.70 mg/100g). All three spices have high fiber content and are rich in dietary lipids,
proteins, and carbs, according to proximate study of the seeds. Mineral examination
revealed that these spices are good suppliers of macro minerals including sodium,
potassium, and phosphorus; significant amounts of trace minerals, including manganese
and iron, were also found. According to the study's findings, Piper guineense, Xylopia
aethiopica, and Monodora myristica are considered functional foods since they have
significant nutritional and therapeutic value in addition to culinary advantages.

Received 07 September,
2024
Accepted 05 December,
2024
Published 20 December,
2024

KEYWORDS
Xylopia aethiopica,
Monodora myristica,
Piper guineense,
Proximate analysis,
Vitamins,

Minerals

Copyright © 2024 the
authors. This is an open
access article  distributed
under the Creative
Commons Attribution
License  which  permits
unrestricted use, distribution,
and reproduction in any
medium,  provided  the
original work is properly
cited.

INTRODUCTION

Elaborate documentation exists on the functional contributions
of several plant components, including roots, stems, leaves,
flowers, seeds, and others, to the maintenance of cellular
health. The pathophysiology of several diseases, most notably
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cancer, has been connected to the effects of free radicals on
DNA [1]. Therefore, the combination of dietary factors and
oxidative metabolic changes may have a major impact on the
progression of benign to malignant cancer [2].
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Piper guineense, a well-known culinary and medicinal herb, is
a member of the Piperaceae family and is found across West
Africa. It is a staple spice in many traditional recipes and has a
unique peppery taste. Piper guineense is mostly composed of
carbs, proteins, and dietary fibre. Depending on the plant
component being studied, studies have revealed different
proportions  (leaves,  seeds, or  fruits)  [3,4]
According to research by [5], the amount of carbohydrates,
proteins, and fibre in various plant components ranged from
30% to 50%, 10% to 20%, and 5% to 15%, respectively.
Vitamin A (as B-carotene), vitamin C, riboflavin (B2), and niacin
(B3) were identified in high amounts in Piper guineense,
according to research by [6]. The leaves and seeds of Piper
guineense contain significant levels of calcium and potassium,
according to research by [7]. Piper guineense also contains
trace minerals in varied amounts, including iron, zinc, and
copper. These minerals are essential to many different
metabolic processes. Piper guineense's leaves and seeds
exhibit significant concentrations of certain trace minerals [8].
Because these minerals are essential for bone health, muscle
activity, and some metabolic functions, Piper guineense is a
valuable dietary supplement.

As a member of the Annonaceae family, Xylopia aethiopica is
widely used as a spice in African cuisines and traditional
medicine. This evergreen shrub is indigenous to Africa's
tropical rainforests. The fruits, seeds, and bark of this plant are
widely utilized in food preparation, medicine, and nutrition. The
proximate composition of X. aethiopica fruits is known to be
heavy in carbs, proteins, and lipids, while the precise ratios
may differ. The fruit of X. aethiopica was found to have around
35% carbs, 12% protein, and 11% fat in research done by [9].
Xylopia aethiopica's phytochemical complexity highlights both
its importance in conventional medicine and its promise as a
source of innovative therapeutic agents. Studies have
indicated that Xylopia aethiopica has essential minerals,
contributing to the plant's nutritional value and potential health
benefits. Significant amounts of minerals including calcium,
potassium, magnesium, and zinc have been discovered in
some plant parts [10,11]. X. aethiopica is a useful dietary
supplement because these minerals are necessary for strong
bones, the growth of muscles, and other metabolic processes.
According to studies, X. aethiopica has vitamins A, C, and E,
which increase its nutritional value and antioxidant capacity
[12-14]. The vital roles these vitamins play in cellular
metabolism, oxidative defence, and immunological function
further augment the nutritional value of X. aethiopica.
Calcium, magnesium, potassium, and phosphorus are among
the important minerals that X. aethiopica is an excellent source
of. According to a study by [15], the fruit has significant calcium
and potassium content, both of which are necessary for healthy
bones and muscles. The immune system, antioxidant defence,
and metabolic processes all depend on these trace minerals.
The iron-rich X. aethiopica seeds have been shown by
research [16] to be beneficial in treating iron-deficiency
anemia. X. aethiopica is a significant spice that has significant
nutritional advantages in addition to improving food flavour.
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West African Monodora myristica is a tropical plant that
belongs to the Annonaceae family. Since it tastes and is used
similarly to nutmeg spice, it is also often called African nutmeg.
The seeds' rich flavour and supposed health advantages have
led to their extensive use in traditional African medicine and
cuisine. Monodora myristica, a plant with deep roots in the
region's cuisine, medicinal, and cultural practices, has
garnered a lot of attention from scientists because of its wide
range of bioactive chemicals and possible health advantages.
M. myristica seeds are renowned for having a high-fat content
along with modest amounts of carbs and protein. According to
research by [17], M. myristica's proximate composition is
40.5% fat, 19.6% protein, and 34.7% carbs. Moisture, fibre,
and ash content make up the remaining part. In addition, M.
myristica is valued for its mineral content, which acts as a
natural storehouse of vital elements required for bodily
processes. Significant amounts of minerals like calcium,
potassium, magnesium, and phosphorus have been found in
various plant sections by studies, highlighting the plant's
potential as a dietary supplement to treat mineral deficiencies
and improve general health [18,19].

Apart from its mineral and phytochemical components, M.
myristica has a wide range of vitamins, such as vitamin C,
vitamin E, and several B-complex vitamins. The nutritional
value of M. myristica is further enhanced by these vitamins,
which are essential for immune system function, cellular
metabolism, and antioxidant defence [20,21]. The seeds have
a very high concentration of heart-healthy essential fatty acids,
such as oleic and linoleic acids. Monodora myristica is a
healthy source of lipids since its lipid component mostly
consists of unsaturated fatty acids, according to research by
[22]. The high dietary fibre content of the seeds promotes
digestive health and gastrointestinal wellness. The results of
[23] show that fibre content might vary from 5% to 15%
depending on the preparation. Studies by [24] highlighted that
it had moderate levels of ascorbic acid (vitamin C), thiamine
(B1), niacin (B3), and riboflavin (B2). These vitamins help the
spice's ability to enhance metabolic processes, increase
energy levels, and offer antioxidant effects.

Additionally, the seeds include 3-carotene, which is a precursor
to vitamin A and essential for healthy skin, immune system,
and vision. Research by [25] and [26], has verified that the
seeds of M. myristica are a good source of calcium,
magnesium, potassium, and phosphorus, among other
important minerals. These minerals are necessary for strong
bones, healthy muscles, and a healthy heart. Trace minerals
including iron, zinc, and copper are present in M. myristica in
addition to macrominerals, according to recent research by
[27]. These minerals are essential for enzyme activity, immune
system performance, and oxygen transport. M. myristica is not
just a culinary spice but also a functional food component with
the potential for wider uses in health and wellness because of
its rich nutritional profile and possible health benefits.

There is a need for a more thorough investigation of native
spices such as Piper guineense, Xylopia aethiopica, and
Monodora myristica due to the growing interest in plant-based
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diets and nutrient-dense meals worldwide. These spices may
provide a host of nutritional advantages, such as vital vitamins,
minerals, proteins, carbs, and fats that may help maintain a
balanced diet and enhance overall health. Although these
spices are frequently used, much is not known or recorded
about their complete nutritional and therapeutic potential.
Without examining their possible health benefits or contribution
to micronutrient consumption, the majority of study focuses on
their traditional use. To help determine their significance in
correcting micronutrient deficiencies, this study attempts to
offer accurate measurements of the vitamins and minerals they
contain. To close this information gap, a thorough and
objective assessment of the nutritional makeup, vitamin
content, and mineral content of P. guineense, X. aethiopica,
and M. myristica is provided in this work. This work was aimed
to ascertain the macronutrient, vitamin, and mineral contents
of Piper guineense, Xylopia aethiopica, and Monodora
myristica together with their complete nutritional makeup and
to determine whether these spices can help with micronutrient
shortages, improving nutritional status and reducing
malnutrition, especially in developing countries where
malnutrition is common. Knowing their nutritional profiles will
benefit public health nutrition, especially in areas where these
spices are widely used. It will also assist market these spices
as possible functional foods or dietary supplements, adding to
the body of scientific research. Furthermore, this study's
examination of the vitamin and mineral composition of these
spices may offer important insights into how well they might
treat micronutrient deficiencies, a problem that affects the
whole world but is particularly acute in impoverished nations.
As a result, by promoting local, nutrient-rich food sources, this
research may aid in the mitigation of nutritional deficits.

MATERIALS AND METHODS

Sample Collection and Preparation

The seeds of Piper guineense, Xylopia aethiopica, and
Monodora myristica were purchased from the Ogige market,
Nsukka L.G.A., Enugu state of Nigeria. The seeds were
identified by a plant taxonomist from the Department of Plant
Science and Biotechnology, University of Nigeria, Nsukka; and
a voucher specimen was deposited in their Herbarium with the
voucher number UNH/ 04/0223 for P. guineense,
UNH/04/0227 for X. aethiopica, and UNH/04/0228 for M.
myristica. After collecting the samples of Piper guineense,
Xylopia aethiopica, and Monodora myristica, the spices were
cleaned thoroughly to remove any dirt or impurities. The
cleaned samples were then air-dried at room temperature for
3 days to ensure complete moisture removal. Once dried, the
samples were ground into a fine powder using a mechanical
grinder (Retsch ZM200, Germany), ensuring a consistent
particle size of approximately 0.5 mm. This particle size
ensures uniformity in analysis and better accuracy during the
nutrient composition tests. The samples were then kept at 4°C
until additional examination.
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Homogenization of the Sample

Homogenization for AAS and Flame Photometry: To guarantee
uniform distribution of the elements to be examined, the
samples were dried and powdered into fine powders. The
powders were then thoroughly homogenized by agitating at a
moderate speed in a mechanical shaker for ten minutes. This
procedure made sure that there was no clumping or uneven
particle distribution and that the material was well-mixed.
Preparation for AAS and Flame Photometry: The homogenized
samples were acid-digested using a solution of nitric acid and
perchloric acid to break down the organic materials and
release the minerals into solution before performing AAS and
flame photometry. Following digestion, the materials were
filtered and diluted to the proper quantities for examination and
the clear solutions from the digested samples were examined.

Determination of the Mineral Contents of the Seeds.
Atomic absorption spectrophotometry (AAS) and flame
photometry were used to assess the mineral content following
the protocols outlined by [28].

Macro Minerals (Sodium, Potassium): Flame photometry was
used to determine the amounts of sodium and potassium.
Trace Minerals (Iron, chromium, manganese): Following an
acid digestion process employing a nitric and perchloric acid
combination, the samples were examined for iron, chromium
and manganese using AAS.

Phosphorus: A UV-Vis spectrophotometer was used to
measure the absorbance at 660 nm and quantify the
phosphorus concentration using the colourimetric technique
with ammonium molybdate.

Determination of the Vitamin Contents of the Seeds.
High-performance liquid chromatography (HPLC) was used to
assess the vitamin content, including vitamin E, B-carotene,
and the B-complex vitamins (thiamine, riboflavin, and niacin)
following modified [29] procedures.

B-Complex Vitamins: Following extraction with 0.1 N
hydrochloric acid and separation using a reverse-phase C18
column, thiamine (B1), riboflavin (B2), and niacin (B3) were
quantified using HPLC.

B-Carotene: A UV detector set at 450 nm was used to quantify
B-Carotene using HPLC. Hexane was used for extraction,
while potassium hydroxide was used for saponification [30].

Proximate Analysis

Using proximate analysis and the standard operating
procedures of [30], the moisture, crude protein, crude fat,
carbohydrate, fibre, and ash content of each sample were
ascertained.

Moisture Content: To ascertain the moisture content, 5g of
each sample was oven-dried at 105°C until a consistent weight
was reached.

Crude Protein: The protein content was determined using the
Kjeldahl technique, which involved converting the nitrogen
content to protein using a conversion factor of 6.25.
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Crude Fat: Petroleum ether was used as the solvent in a
Soxhlet device to extract crude fat [30].

Ash Content: Using the [30] Method, the sample was burned
at 550°C in a muffle furnace until a consistent weight was
reached.

Crude Fiber; The Weende technique was used to determine
the amount of crude fibre.

Carbohydrate Content: By deducting the total moisture,
protein, fat, fibre, and ash from 100%, the carbohydrate
content was determined by difference.

Statistical Analysis

The statistical analysis was carried out with IBM Corp.'s SPSS
program (Version 25). All analyses were carried out in
triplicate, and the means + standard deviation (SD) of the
findings was reported. One-way analysis of variance (ANOVA)
was used to evaluate the data, and Tukey's post hoc test was
used to compare means to observe if significant differences (p
<0.05) were found

RESULTS

The mineral composition of X.aethiopica, P.guineense and M.
myristica seeds are shown in Table 1. It shows the presence
of macro minerals like Sodium, Potassium, and Phosphorus,
and trace elements like Iron, Manganese and Chromium
(Figure 1). The highest concentrations of sodium (287.20
mg/100 g), potassium (304.50 mg/100 g), and phosphorus
(282.20 mg/100 g) were found in Monodora myristica. The
highest concentrations of iron (68.75 mg/100 g) and chromium
(8.50 mg/100 g) were found in Piper guineense; Xylopia
aethiopica showed a higher manganese content (3.35 mg/100
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g) than the other spices, and it had no measurable levels of
chromium despite having substantial levels of sodium,
potassium, phosphorus, and iron.

Table 2 shows the presence of the different vitamins in all three
seeds, with Xaethiopica and P.guineense showing
significantly (p < 0.05) higher levels of vitamin A and B3
compared with M. myristica, while M. myristica gave a
significantly higher level of vitamin D compared to the other
two. Piper guineense has the highest concentration of vitamin
B2 (0.12 mg/100 g) and vitamin A (1747.52 U), Xylopia
aethiopica exhibited significant vitamin E levels (5.21 mg/100
g), the highest vitamin B3 content (0.58 mg/100 g), and high
amounts of vitamin A (1550.36 IU). The highest concentrations
of vitamin B1 (0.32 mg/100 g) and vitamin D (65 1U) were found
in Monodora myristica.

Table 3 shows the proximate composition of the three seeds.
The macronutrient content of Xylopia aethiopica, Monodora
myristica, and Piper guineense varied significantly, according
to the proximate composition analysis. Xylopia aethiopica
exhibited the greatest crude protein (13.17%). High crude fat
content (21.37%) and crude fibre (15.39%) was obtained in
Monodora myristica. Piper guineense contained the largest
percentage of carbohydrates (64.54%), and the highest
percentage of ash (5.78%). Crude fat and carbohydrate
contents of X.aethiopica and P. guineense are significantly (p
< 0.05) higher than that of M. myristica. M. myristica has the
highest level of crude fibre, and the moisture content is
significantly (p < 0.05) higher in P. guineense than in X.
aethiopica and M. myristica.

Table 1: Mineral composition of X.aethiopica, P.guineense and M. myristica seeds

Samples Sodium (Na)  Potassium (K)  Phosphorus (P) Iron (Fe) Manganese (M)  Chromium (Cr)
X. aethiopica  266.80+2.89  203.00 £50.12 218.40+0.28 17.81+£3.62 3.35+0.98 0.00 + 0.00
M. myristica 28720+ 0.38" 304.50 + 11.37"  282.20 + 0.28" 2545+0.00 0.00+0.00 1.21+1.70
P. guineense  287.80+1.71"  220.70 + 6.84 226.40 £ 0.21 68.75+3.60° 0.67+0.94 8.50 + 1.70°

Key: Values are expressed as mean + SD (n = 3). Values with different superscripts in a row are significant at p < 0.05.
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Figure 1: Mineral composition of X.aethiopica, P.guineense and M. myristica seeds
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Table 2: Vitamin contents of X.aethiopica, P.guineense and M. myristica seeds

Samples Vitamin A (IU)  Vitamin B1 Vitamin B2 Vitamin B3 VitaminD  Vitamin E (mg/100g)
(mg/i100g) (mg/100g) (mg/100g) (IU)

X. aethiopica  1550.36+4.01"  0.15£0.00  0.0540.00  0.58+0.10" 48.00+1.41 5.21+1.01°

M. myristica 478.06+4.07 0.32+0.02° 0.03+0.00  0.11+£0.03  65.00+1.41" 5.70+1.01"

P. guineense  1747.52+10.03° 0.04+0.01  0.12+0.00" 0.40£0.01" 44.00£1.41 4.22+1.04

Key: Values are expressed as mean x SD (n = 3). Values with different superscripts in a row are significant at p < 0.05.

Table 3: Proximate composition of X.aethiopica, P.guineense and M. myristica seeds

Samples Crude Protein Ash content Crude Fat Moisture Content Crude fibre Carbohydrate
(%) (%) (%) (%) (%) (%)
X.aethiopica 1317 £ 0.05° 3.06 £0.01° 469+0.01 11.81+0.03 8.51+0.04  58.80+0.05
M. myristica  9.75 £ 0.05 1.36 £ 0.01 21.37£0.04° 11.53+0.01 15.39+0.01" 40.62+0.12
P. guineense  8.60 + 0.03 5.78 £ 0.03 357+£0.03 14.62+0.01 2.90 £ 0.01 64.54 £ 0.03

Key: Values are expressed as mean + SD (n = 3). Values with different superscripts in a row are significant at p < 0.05.

DISCUSSION

Significant information about the possible functions of Piper
guineense, Xylopia aethiopica, and Monodora myristica as
functional foods may be gleaned from their nutritional makeup,
and vitamin, and mineral levels. The findings demonstrate how
the three spices' respective macro- and micronutrient profiles
differ significantly, which attests to their distinct nutritional
worth.

Although the quantities of the three spices differ greatly, the
mineral analysis showed that they are all good suppliers of
critical minerals. With an iron (Fe) concentration of 68.75
3.60 mg/100g, Piper guineense showed the greatest level,
much greater than that of Xylopia aethiopica (17.81 + 3.62
mg/100g) and Monodora myristica (25.45 + 0.00 mg/100g).
These iron levels are greater than those found by [31],
suggesting that these spices may play a major role in helping
people reach their dietary iron needs, especially in areas where
iron deficiency anaemia is common. P. guineense's historic
usage in postpartum recovery, where it is said to help restore
blood loss, may also be attributed to its high iron concentration
[4].

P. guineense (287.80 mg/100g) and M. myristica (287.20
mg/100g) had the greatest sodium contents, both of which
were much more than X. aethiopica (266.80 mg/100g). These
research findings support past research by [18] and [32], which
suggested that these spices may increase salt consumption.
They did, however, have comparatively lower potassium
contents, with M. myristica having the greatest quantity (304.50
mg/100g). The potassium-to-sodium ratio suggests that these
spices, particularly M. myristica, may aid in maintaining
electrolyte  balance. Blood pressure regulation and
cardiovascular health are significantly influenced by this ratio.
Compared to the other spices, Xylopia aethiopica had a greater
manganese (Mn) concentration (3.35 + 0.98 mg/100g),
whereas P. guineense and M. myristica had lower amounts.
This is consistent with the work of [19]. For the synthesis of
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bones, energy metabolism, and antioxidant defence,
manganese is necessary. Notably, P. guineense has a high
level of chromium (Cr) (8.50 + 1.70 mg/100g), a mineral crucial
for controlling insulin and glucose metabolism. On the other
hand, no chromium was found in Xylopia aethiopica, indicating
that P. guineense would have more advantages for controlling
blood sugar.

The three spices' respective vitamin contents varied
significantly, according to the vitamin study. The species Piper
guineense had the greatest vitamin A content (1747.52 £ 10.03
IU/100g), with Xylopia aethiopica (1550.36 + 4.01 1U/100g)
and Monodora myristica (478.06 + 4.07 1U/100g) following
closely behind, which is consistent with research by [29].
Vitamin A is essential for healthy skin, immune system, and
eyesight. P. guineense and X. aethiopica have high vitamin A
contents, which indicates that they may be valuable providers
of this fat-soluble vitamin in diets that could otherwise be
lacking in it.

When it came to B-complex vitamins, Piper guineense had the
greatest amounts of riboflavin (B2) (0.12 + 0.00 mg/100g),
whereas Monodora myristica had the highest quantities of
thiamine (B1) (0.32 + 0.02 mg/100g). This agrees with the work
of [33]. This implies that these spices could help promote brain
function and energy metabolism. All three of these spices
include some B vitamins, but because they are low in niacin
(B3), it may be necessary to eat them with other foods high in
niacin to achieve optimal consumption.

The samples showed variable levels of vitamin D and vitamin
E. All samples had comparable amounts of vitamin D;
however, Monodora myristica had somewhat greater quantities
(65.00 IU) than did X. aethiopica and P. guineense. As noted
by [31], this implies that these spices may support bone health
and calcium absorption, particularly in areas with little solar
exposure. Concurrently, M. myristica demonstrated the
maximum concentrations of vitamin E (5.70 £ 1.01 mg/100g),
a strong antioxidant that promotes skin health and immune
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system performance [34]. The use of these spices in
nutraceuticals and dietary supplements meant to increase
antioxidant consumption is further supported by the antioxidant
qualities of vitamin E, which can aid in the reduction of
oxidative stress.

The macronutrient composition of the spices varied
significantly, according to the proximate analysis. With the
greatest protein content (13.17 + 0.05%), Xylopia aethiopica
may play a role in the amount of protein consumed through
food. These results are consistent with previous research by
[32], which concluded that X. aethiopica is high in protein,
probably because of its function as a nutrient-dense seed.

On the other hand, M. myristica had a higher crude fat content
(21.37 £ 0.04%) than the other spices. The results of [17],
which emphasized M. myristica as a rich source of oils with
potential uses in the food and pharmaceutical industries, are in
line with this outcome. M. myristica's high-fat content adds to
its potential as an energy-dense spice and may increase its
usefulness in dietary formulations intended to support energy
levels. M. myristica is traditionally used in soup preparations
where its high-fat content—especially its unsaturated fatty
acids—contributes to the dish's taste and energy content.
Comparing Piper guineense (64.54%) to X. aethiopica
(58.80%) and M. myristica (40.62%), the latter two have much
lower carbohydrate contents. This suggests that P. guineense
may represent a significant dietary energy source, a feature
that [10], [29] and [32] also support. P. guineense's high
carbohydrate content may account for its frequent usage in
traditional recipes that favour meals high in energy.

Due to its high carbohydrate content, it is also commonly used
in meals high in energy that are ingested after childbirth or
during periods of intense activity. Notable was the fibre content
of these spices, with Xylopia aethiopica exhibiting the greatest
crude fibre content (8.51 £ 0.04%), which may aid in blood
sugar regulation and promote digestive health [11].

Although each of these spices has nutritional advantages,
when compared, they offer a broad range of vital elements.
Because P. guineense has high levels of iron, vitamin A, and
carbohydrates, it can help with energy provision and
micronutrient deficits. X. aethiopica stands out for its protein
and fibre content, supporting both muscle maintenance and
digestive health, while M. myristica, with its greater fat content
and vitamins D and E, may give cardiovascular and antioxidant
advantages. The idea that using all three spices together in
traditional dishes not only improves flavour but also results in
a more balanced intake of macro and micronutrients is further
supported by the range of nutrients found in each spice.

CONCLUSION

The potential of Piper guineense, Xylopia aethiopica, and
Monodora myristica as functional foods is confirmed by their
nutritional profiles. They are important nutritional components
because of their high mineral, vitamin, and macronutrient
concentrations, especially in areas with little food diversity.
Subsequent investigations may go deeper into the bioactive
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components of these nutrients and their role in particular health
consequences. These spices have promise for usage in
modern diets and nutraceutical formulations due to their
traditional use and promising nutritional advantages.

LIMITATIONS AND SUGGESTIONS FOR FUTURE
RESEARCH

Because the study only examined samples from certain sites,
it might not accurately reflect the differences in nutrient content
that could result from different harvest periods, geographic
locations, or growing circumstances. This restricts the findings'
applicability to other areas where these spices are cultivated.
The study doesn't discuss how the nutrients in these spices
might interact to change how bioavailable they are when eaten.
Antinutritional elements (such as tannins and phytates) that
could affect the absorption of nutrients were not investigated.
Samples from different regions and times of year could be
gathered for future studies to take seasonal and environmental
influences on nutrient composition into consideration. Data on
the nutritional characteristics of these spices would become
more broadly applicable as a result.
Studies could look at the other bioactive substances found in
these spices, such as polyphenols, flavonoids, and essential
oils. Such research would aid in comprehending the entire
spectrum of potential health advantages these spices may
provide.

Investigating the bioavailability of these nutrients in human or
animal models may shed light on their real absorption and
metabolic effects. Clinical research could also look into the
medicinal uses and possible health advantages of these spices
in treating nutritional deficits.
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