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Abstract  

In natural dye extraction, plant residues are often discarded, raising environmental and 
sustainable practices concerns. This study therefore aimed to evaluate the nutrient, mineral, and 
phytochemical profiles of residual seeds and pods from Bixa orellana after pigment extraction for 
the purpose of waste management. Proximate analysis revealed significant differences between 
seeds and pods in moisture, ash, protein, crude fibre, and carbohydrate contents, while fat content 
showed no significant variation. The seeds contained moisture (6.32±0.10%), ash (4.10±0.29%), 
crude fat (4.10±0.08%), crude protein (16.31±0.04%), crude fibre (11.67±0.10%), and 
carbohydrates (57.48±0.50%), while the corresponding values for the pods were 9.05±0.03%, 
3.40±0.21%, 4.35±0.11%, 10.52±0.04%, 41.63±0.20%, and 31.05±0.15%, respectively. Mineral 
analysis showed high concentrations of magnesium (12.003 mg/g) in seeds and calcium (52.011 
mg/g) in pods, while chromium was absent in seeds but detected in pods (0.002 mg/g). 
Phytochemical analysis revealed alkaloids as the most abundant compound in both seeds (8.9±1.6 
mg/g) and pods (7.2±0.4 mg/g), while flavonoids were the least (1.8±0.1 mg/g and 1.3±0.1 mg/g, 
respectively). ANOVA revealed significant differences (p < 0.05) in the proximate, mineral and 
phytochemical compositions, highlighting the nutritional and bioactive potential of both seeds and 
pods residues. These findings suggest that residual seeds and pods of Bixa orellana are valuable, 
rich in nutrients and minerals resources with potential applications in the food and 
pharmaceutical industries, promoting waste valorization and sustainability. 
 
Keywords: bioactive; environmental; natural dye; seeds and pods residues; sustainability; waste 
valorization 

 

Introduction  

Natural dyes are widely regarded as 
eco-friendly due to their extraction from 
renewable and biodegradable sources 
(Pizzicato et al., 2023). However, the 
processing of natural dyes, from harvesting 
to pigment extraction, often results in the 
indiscriminate disposal of plant parts such 

as seeds, pods, leaves, and roots. This 
situation has prompted research into the 
utilization of these residual plant 
components in dyeing processes to promote 
sustainability and improve resource 
efficiency. For instance, Lee & Kang 

(2014) examined the dyeing of cotton 

fabrics using residual parts of cultivated 
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% Moisture = W2 – W1 x 100 ……...…..…….……. (1) 
                           W1 – W0 

 

Pteridium aquilinum, demonstrating the 

feasibility of using plant residuals in textile 

dyeing. In a similar study by Yang et al. 

(2012), waste roots from Rubia 

wallichiana were used in dyeing processes, 

indicating the potential of plant residuals 

as alternative dye sources. Nevertheless, 
studies examining the proximate 
composition, phytochemical content, and 
mineral profile of plant residues following 
dye extraction remain scarce. 

The seeds of Bixa orellana are 
primarily used for dye extraction, while 
other parts of the plant, including roots, 
leaves, pods, and foliage, have traditionally 
been employed for their therapeutic 
properties (Aluko et al., 2024). However, 
there has been limited literature addressing 
the use of residual parts of this plant for 
dyeing or other applications. 

Bixa orellana, commonly cultivated in 
tropical regions such as South America and 
Africa, is highly valued for its seeds, which 
yield a non-toxic dye known as annatto. It is 
renowned for its excellent dyeing 
capabilities (Ventosa, 2018). Hence, annatto 
is extensively used in the food, cosmetics, 
and household industries due to its 
characteristic red-to-orange-yellow 
coloration and mild flavor (Aluko, 2024). 
Beyond its dyeing applications, various 
parts of the plant, including the seeds, have 
been used in traditional medicine to 
stimulate digestion, lower blood pressure, 
protect the liver, reduce inflammation, treat 
coughs, cleanse the blood, soothe mucous 
membranes, alleviate fevers, and assist in 
wound healing and snakebite treatment 
(Rather & Mohammad, 2016). Recent 
screenings of plant-derived bioactive 
compounds have identified novel medicinal 
substances with cytoprotective and 
therapeutic potential for treating various 
health conditions (Ndam et al., 2014). Thus, 
medicinal plants continue to play a 
significant role in global healthcare. 

This study aims to enhance waste 

management in dyeing and dye extraction 

by exploring the proximate, mineral, 

nutrient, and phytochemical potentials of 

residual seeds and pods of pigment 

extracted annatto.  These analyses will 

help to evaluate the potential applications 

of these residues in the food and 

pharmaceutical industries. 

 

Methodology  
 
Sample Preparation  

Residual seeds and pods of Bixa 
orellana, previously used for pigment 
extraction, were collected in February 2024 
during the dry season. The samples were 
sourced from Alagbaka, located 
approximately 12 km south of the Federal 
University of Technology, Akure, Nigeria. 
Nigeria, a tropical country in West Africa, 
experiences a warm climate with distinct 
wet and dry seasons, and abundant rainfall 
characterizes the southern regions. In 
contrast, the north is typically hot and dry. 
The collected materials were thoroughly 
washed with distilled water, air-dried, and 
finely blended in preparation for proximate 
and phytochemical analyses. 

 
Proximate Analysis  

Proximate analyses were conducted 
following the standard methods outlined by 
the AOAC (2006). All experiments were 
performed in triplicate. 
 
Moisture Content 

Moisture content was determined 
using the oven-drying method. Five grams 
of each sample were weighed and placed in 
a laboratory oven (Memmert, Germany, 
Model 1001) at 105°C for 4 hours until a 
constant weight (W1) was obtained. After 
drying, the crucibles were cooled in a 
desiccator for 30 minutes before recording 
the final weight (W2) Moisture content was 
calculated using Equation 1. 

Ash Content 
Clean, empty crucibles were first 

heated in a muffle furnace (Carbolite, UK, 
Model ELF11/14) at 550°C for 1 hour, 
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cooled in a desiccator, and weighed to 
obtain W0. One gram of each sample was 
placed in separate crucibles and weighed 
(W1). The samples were incinerated at 
550°C for 3 hours until grayish-white ash 
appeared, indicating complete oxidation of 
organic matter. After cooling, the final 
weight (W2) was recorded. Ash content was 
calculated using Equation 2. 
 
% Ash content = W2 – W1 x 100 ……………. (2) 
                                 W1 – W0 

 
Crude Protein 

Crude protein was measured using 
the Kjeldahl method. Each 0.5 g sample was 
digested in a Kjeldahl flask (Kjeltec, Foss, 
Denmark) with 10 ml of concentrated H₂SO₄ 
(99% w/w, Merck, Germany) and 8 g of a 
catalyst mixture (Na₂SO₄:CuSO₄ in an 8:1 
ratio). The mixture was heated on a hot 
plate (Thermo Scientific, USA) until a clear 
blue-green digest was obtained. The digest 
was diluted to 100 ml with distilled water, 
and 10 ml of the solution was distilled using 
a Kjeltec distillation apparatus. Ammonia 
was collected in 20 ml of 4% w/v boric acid 
containing a few drops of methyl red 
indicator and titrated with 0.1 N HCl to a 
pink endpoint. A blank was processed 
alongside. Nitrogen content was calculated 
and converted to crude protein using a 
factor of 6.25, as seen in Equation 3. 
 
% Crude Protein = 6.25x %N  
(6.25 = Correction factor) ……………………..(3) 
                                 
Crude Fat 

Two grams of moisture-free samples 
were subjected to Soxhlet extraction using 
petroleum ether (boiling range: 40–60°C, 
Sigma-Aldrich, USA). The extraction was 
carried out using a fat-free thimble and a 
pre-weighed receiving flask. After six cycles, 
the ether extract was transferred to a pre-
weighed glass dish, evaporated in a water 
bath (Heidolph, Germany), dried at 105°C 
for 2 hours, cooled in a desiccator, and 
weighed. The crude fat content was 
calculated using Equation 4. 

 

% Crude fat = wt. of ether extract x 100 
          wt. of sample 
…………………………………………………………… (4) 
 
Crude Fibre 

Two grams of each sample were 
washed with ether and oven-dried for 1 
hour. The dried samples were boiled in 150 
ml of 0.128 M H₂SO₄ for 1 hour, washed, and 
then treated with 150 ml of 0.233 M NaOH. 
After rinsing and treatment with acetone, 
the residues were dried at 105°C for 1 hour 
and ashed at 550°C for 3 hours. The 
percentage of crude fibre was calculated 
using Equation 5. 

 
% Crude = W2 – W1 x 100 %…………………. (5)
             W0 

 
Carbohydrate 

Carbohydrate content was estimated 
by difference, subtracting the sum of 
moisture, crude protein, crude fat, crude 
fibre, and ash from 100 using Equation 6. 

 
% CHO = 100 - % (Moisture + Crude 
protein+ Crude fat + Crude fibre + Ash…..(6) 

 
Mineral Analysis 

 
The mineral content of Bixa orellana 

L. seeds and pods was determined using an 
Atomic Absorption Spectrophotometer 
(AAS, Hitachi Model 170-10, Japan) at the 
Central Laboratory of the Federal University 
of Technology, Akure. The instrument was 
calibrated with standard solutions of each 
mineral before and during the analysis to 
ensure accuracy (Skoog et al., 2017). 
Specific electrode lamps for each mineral 
were used during the analysis (Skoog et al., 
2017). 

The analyzed minerals included iron 
(Fe), zinc (Zn), calcium (Ca), chromium (Cr), 
manganese (Mn), sodium (Na), potassium 
(K), and magnesium (Mg). The absorption 
measurements were recorded in parts per 
million (ppm) and subsequently converted 
to milligrams per gram (mg/g) using 
Equation 7. 
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Absorbance (ppm) x dry wt. x D ...………… (7)
 wt. of sample x 1000 
Notes: 
D = Dilution factor for the respective 
minerals. 
 
Qualitative Phytochemical Screening 

Qualitative phytochemical screening 
of the prepared Bixa orellana seed and pod 
samples was carried out using the 
procedures described by Sofowora (1993), 
El-Olemy et al. (1994), and Siddiqui and Ali 
(1997). Ethanol extracts were first prepared 
by soaking 20 g of each sample in 100 mL of 
96% ethanol for 24 hours at room 
temperature. The mixtures were filtered 
using Whatman No. 1 filter paper, and the 
residues were washed with an additional 20 
mL of ethanol to ensure complete 
extraction. The extracts were stored in a 
refrigerator at 4°C for subsequent analysis. 
A similar procedure was followed for 
aqueous extraction, using distilled water in 
place of ethanol as the solvent. For each 
phytochemical test, 2 mL of the ethanolic 
and aqueous extracts were used. A 
summary of the tests and their results is 
provided in Table 1. 
 
Quantitative Phytochemical Analysis 

Quantitative phytochemical analysis 
of finely ground annatto seeds and pods was 
conducted using the methods described by 
Evans (2009), Sofowora (1993), El-Olemy et 
al. (1994), and Siddiqui and Ali (1997). All 
analyses were performed in triplicate. 
 
Tannins 

To determine tannin content, 0.5 g of 
each Bixa orellana pod and seed sample was 
soaked in 10 ml of 70% acetone for 8 hours. 
Subsequently, 0.2 ml of the supernatant was 
mixed with 1 ml of distilled water. To this 
mixture, 2 ml of 20% sodium carbonate 
(Na₂CO₃) and 0.5 ml of Folin-Ciocalteu 
reagent were subsequently added. The 
solution was incubated in a water bath at 
40°C for 1 hour. UV absorbance was 
measured at 725 nm against a reagent 
blank. Tannin content was expressed as 
mg/g tannic acid equivalent, using the 
calibration curve: Y = 0.0593X - 0.0485, R² = 

0.9826, where X is the absorbance, and Y is 
the tannic acid equivalent. 
 
Flavonoids 

For flavonoid estimation, 1.0 g of each 
sample (seeds and pods) was weighed into 
separate beakers, and 10 ml of 80% 
methanol was added. The mixtures were left 
to stand for 2 hours and subsequently 
filtered into pre-weighed petri dishes. The 
filtrates were evaporated to dryness in a 
water bath at 40°C. The petri dishes were 
reweighed to determine the weight of the 
dried residue. The percentage of flavonoids 
was calculated by the difference in weight 
and converted to mg/g based on the initial 
sample weight (1.0 g). 
 
Phenols 

For phenolic content analysis, 0.5 g of 
each sample was soaked in 10 ml of 70% 
acetone for 8 hours. A 0.2 ml aliquot of the 
supernatant was diluted to 3.0 ml with 
distilled water, followed by the addition of 
0.5 ml of Folin-Ciocalteu reagent. After 
mixing, the solution was left to stand for 3 
minutes before adding 2.0 ml of 20% 
sodium carbonate into the tubes. The 
mixture was incubated in a water bath at 
40°C for 1 hour, then cooled. Absorbance 
was read at 650 nm against a blank. Total 
phenolic content was expressed as mg/g 
tannic acid equivalent (TE) using the 
calibration equation: Y = 0.1216X, R² = 
0.9365, where X is the absorbance, and Y is 
the tannic acid equivalent. 
 
Alkaloids 

To determine alkaloid content, 5 g of 
Bixa orellana seeds and pods were placed in 
separate 250 ml beakers containing 100 ml 
of 10% acetic acid in ethanol. The mixtures 
were covered and left to stand for 4 hours. 
After filtration, the filtrates were 
concentrated over a water bath to one-
quarter of their original volume. 
Concentrated ammonium hydroxide 
(NH₄OH) was added to each to induce 
precipitation. The precipitated alkaloids 
were collected on pre-weighed filter paper, 
washed with dilute NH₄OH, dried, and 
weighed. The alkaloid content was  
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 Seeds Pods 

Phytochemical 

Test 

Reagent Confirmation EtOH 

Extract 

H₂O 

Extract 

EtOH Extract H₂O 

Extract 

Phenol Ferric chloride Deep blue 

coloration 

+ + + + 

Saponin Foam Foamy lather + + + + 

Steroids Acetic 

anhydride/Conc. 

H2SO4 

Blue/green 

coloration 

+ + + + 

Glycosides Glacial acetic 

acid/FeCl₃ 

Interfacial 

brown ring 

coloration 

+ + + + 

Flavonoids Ferric chloride Blackish red 

coloration 

+ + + + 

Tannins Ferric chloride Brownish 

green/blue-

black 

coloration 

+ + + + 

Resins Aqueous HCl Resinous 

precipitate 

– – – – 

Alkaloids Dragendorff’s 

reagent 

Red 

precipitate 

– + + + 

Carbohydrate Conc. H₂SO₄ Effervescence 

and 

blackening 

+ + + + 

Protein  Millon’s reagent Red 

precipitate 

+ + + + 

Reducing 

Sugar 

Benedict’s 

reagent 

Red 

precipitate 

+ + + + 

 

 
calculated based on the weight difference 
and converted to mg/g relative to the initial 
5 g sample weight. 

 
Saponins 

For saponin determination, 5 g of each 
sample (W₀) was weighed into separate 250 
ml conical flasks. Each was treated with 25 
ml of 20% ethanol and heated in a water 
bath at 55°C for 4 hours with continuous 
stirring. After filtration, the residue was re-
extracted with an additional 50 ml of 20% 
ethanol. The combined extracts were 
concentrated to 40 ml in a water bath at 

approximately 90°C. This extract was 
transferred to a 250 ml separating funnel 
and mixed with 10 ml of petroleum ether. 
After vigorous shaking, the aqueous layer 
was retained, and the ether layer was 
discarded. Subsequently, 20 ml of n-butanol 
was added to the aqueous layer. The 
resulting n-butanol extract was washed 
twice with 10 ml of 5% NaCl solution. The 
final extract was collected in a pre-weighed 
petri dish (W₁), dried in an oven at 90°C to a 
constant weight (W₂), and the saponin 
content was calculated using Equation 8. 
 
 

Table 1. Phytochemical Screening of Residual Seeds and Pods of Bixa orellana 
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% Saponins = W2 – W1 x 100 ………………... (8) 
                                 W0 

The percentage was then converted to 
mg/g. 

Results and Discussion 

 

Proximate Analysis of Residual Seeds 
and Pods of Bixa Orellana 

The proximate analysis, presented in 
Table 2, highlights the nutritional 
composition of residual seeds and pods of 
Bixa Orellana while Figure 1 portrays a line 
graph showing the comparison between 
proximate compositions of the residual 
seeds and pods. The seeds exhibited higher 
levels of protein and carbohydrates, while 
the pods demonstrated significantly greater 
fibre content. ANOVA results indicated 
significant differences (p < 0.05) in 
moisture, ash, protein, crude fibre, and 
carbohydrate contents, whereas no 
significant variation was observed in fat 
content. 

The moisture content of the residual 
seeds was 6.32±0.10%, compared to a 
slightly higher value of 9.05±0.03% in the 
pods. These values fall within the typical 
range for plant materials, indicating that 
both residues were suitable for stable 
storage and further processing (Zheng et al., 
2011). Notably, the seed moisture content of 
6.32% exceeded the 4.89% reported by Dike 
et al. (2016) but was slightly lower than the 
6.75% reported by Valério et al. (2015). 

The ash content, representing the 
inorganic matter in the samples, was higher 
in seeds (4.10±0.29%) than in pods 
(3.40±0.21%). This result suggests that the 
seeds contained a slightly higher proportion 
of minerals. The elevated ash content in 
both residues confirmed the mineral 
richness of annatto waste, reinforcing its 
potential as a sustainable source of essential 
minerals. Indeed, the mineral content of 
Bixa orellana seeds is traditionally utilized 
in cuisines across the Caribbean, Latin 
America, the Philippines, and Mexico 
(Ulbricht et al., 2012). 

Crude fat content was similar 
between the seeds (4.10±0.08%) and pods 

(4.35±0.11%), with no statistically 
significant differences. These values fall 
within an acceptable range for plant-based 
materials, indicating potential for 
applications in oil extraction (Rahim et al., 
2023), biofuel production (Osman et al., 
2024), or cosmetics and nutraceuticals as 
sources of beneficial fatty acids (Rahim et 
al., 2023). While the fat content in seeds 
(4.10%) was lower than the 7.20% reported 
by Dike et al. (2016) and 6.3% by 
Prabhakara Rao et al. (2015), it remains 
notable for plant-derived oils. 

The crude protein content in the 
pigment-extracted seeds was 16.67%, 
surpassing values reported by Prabhakara 
Rao et al. (2015) (11.2%) and Habboubi 
(2020) (9.1%). This higher protein level 
highlights the potential of Bixa orellana seed 
residues as a valuable protein source for 
food and animal feed industries. 

Crude fibre content was significantly 
higher in pods (41.63±0.20%) than in seeds 
(11.67±0.10%). This suggests that residual 
pods might have greater utility in 
applications requiring high fibre content, 
such as dietary supplements or industrial 
materials. The seed fibre value of 11.67% 
closely aligned with the 12.55% reported by 
Dike et al. (2016), reinforcing their potential 
use in functional foods promoting digestive 
health. 

Carbohydrate content was 
substantially higher in the seeds 
(57.48±0.50%) compared to the pods 
(31.05±0.15%), positioning the seeds as a 
more energy-dense option. The 
carbohydrate level in seeds exceeded the 
42.2% observed by Melissa (2005) and 
Valério et al. (2015) but was lower than the 
78.11% reported by Moraes (2007). These 
variations might result from genetic 
differences and growing conditions (Aluko, 
2024). Given the importance of 
carbohydrates as an energy source, the 
relatively high carbohydrate content of the 
seeds enhances their value for energy-rich 
food formulations. 

While research on the proximate 
composition of Bixa orellana pods remains 
limited, this study offers valuable insight 
into their nutritional potential. The pods 
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exhibited higher levels of moisture, fat, and 
crude fibre than the seeds. Although less 
nutrient-dense, the pods may still be useful 
by-products for industrial applications. 
Seeds are better suited for food products 
requiring high protein and carbohydrate 
content, whereas pods hold promise as a 

source of dietary fibre, an increasingly 
important component in functional food 
development. 

Mineral Analysis of Residual Seeds and 
Pods of Bixa orellana 

The mineral content of the residual 
seeds and pods of Bixa orellana, as 
presented in Table 3 shows significant 
variation in the concentrations of various 
minerals. Figure 2 presents a comparative 
illustration of the mineral analysis results 
for the residual seeds and pods of Bixa 
orellana, allowing for enhanced visual 
comparison of their respective mineral 
contents. Chromium was undetectable in 
the residual seeds but appeared at the 

lowest concentration in the pods (0.002 
mg/g). Magnesium emerged as the most 
abundant mineral in the seeds (12.003 
mg/g), while calcium dominated the pods 
(52.011 mg/g). These significantly high 
levels of magnesium and calcium are 
essential for numerous physiological 

functions, including bone health and 
enzyme regulation (Ciosek et al., 2021), 
indicating that both seeds and pods can 
serve as valuable sources of these key 
minerals. Other minerals, such as 

manganese (0.016 mg/g in seeds and 0.052 

mg/g in pods), sodium (0.350 mg/g in 

seeds), potassium (10.000 mg/g in seeds 

and 19.500 mg/g in pods), and phosphorus 

(2.612 mg/g in seeds and 0.744 mg/g in 

pods), showed significant differences 

between seeds and pods. Manganese and 

sodium were more concentrated in seeds, 

while potassium and calcium were more 

abundant in pods. The absence of 

significant differences in iron, zinc, and 

Table 2. Proximate Composition of Residual Seeds and Pods of Bixa orellana 

Figure 1. Comparative Proximate Compositions between Residual Seeds and Pods of Bixa orellana 
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magnesium suggests that these minerals 

are relatively stable across both residual 

materials. The mineral content and fibre 

fractions in Bixa orellana seeds closely 

resemble those found in cereals (Kumar et 

al., 2007).  

Phytochemical Analysis of Residual 
Seeds and Pods of Bixa orellana 

As previously highlighted in Table 1, 
all of the tested phytochemicals were 
present in both the seed and pod extracts, 
except for resins. Alkaloids were specifically 

Residue 

Composition (mg/g) 

Mn Fe Ca Cr Zn Mg Na K P 

Seeds 0.016±0.003 0.030±0.010 0.866±0.072 - 0.019±0.005 12.003±2.500     0.350±0.010     10.000±1.500                  2.612±0.600 

Pods 0.052±0.012 0.688±0.520 52.011±4.203  0.002±0.000 0.026±0.008    8.002±1.620     0.040±0.002            19.500±3.552              0.744±0.162 

*Mean ± standard deviation (SD) of three replicates. Significant differences were tested at p < 0.05. 

 

Table 3. Mineral Content of Residual Seeds and Pods of Bixa orellana 

Figure 2. Comparative Mineral Content between Residual Seeds and Pods of Bixa orellana 

 

Residue Tannins (mg/g) Phenols (mg/g) Flavonoids (mg/g) Alkaloids (mg/g) Saponins (mg/g) 

Seeds 0.34±0.01 0.22±0.01              1.8±0.1 8.9±1.6 5.7±1. 

Pods 0.53±0.04            0.46±0.01             1.3±0.1    7.2±0.4 4.3±0.5 

Table 4. Quantitative Phytochemical Analysis of Residual Seeds and Pods of Bixa orellana 

Figure 3. Comparative Phytochemical Results between Residual Seeds and Pods of Bixa orellana 
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detected exclusively in the aqueous extract. 
This suggests that alkaloids have a higher 
affinity for water than for ethanol, making 
ethanol less suitable as a solvent for 
extracting alkaloids from Bixa orellana. 
Tannins are known to protect cells from 
oxidative damage caused by free radicals. 
Therefore, the anticarcinogenic and 
antimutagenic potentials of tannins can be 
attributed to their antioxidative properties 
(Fraga-Corral et al., 2021), which help 
mitigate cellular oxidative processes such as 
lipid peroxidation Dike et al. (2016). 
Saponins are anti-inflammatory with 
expectorant effect. Saponins also act as 
adjuvant in enhancing immune response in 
the body (Skene & Sutton, 2006). 

Phytochemical screening as 
presented in Table 4 and compared in 
Figure 3 revealed that alkaloids were the 
most abundant phytochemicals in both 
seeds (8.9±1.6 mg/g) and pods (7.2±0.4 
mg/g), followed by tannins, phenols, and 
saponins. Tannin and phenol content was 
higher in pods (0.53±0.04 mg/g and 
0.46±0.01 mg/g, respectively) than in seeds 
(0.34±0.01 mg/g and 0.22±0.01 mg/g, 
respectively). Flavonoids were the least 
abundant in both samples, with seeds 
containing 1.8±0.1 mg/g and pods 1.3±0.1 
mg/g. The ANOVA results indicated 
significant differences in tannin, phenol, and 
flavonoid contents between the residual 
seeds and pods, but no significant 
differences in alkaloids or saponins at p < 
0.05. 

Historically, alkaloids have been 
utilized in medicine for their 
pharmacological effects. Examples include 
morphine and codeine for pain relief, 
quinine as an anti-malarial agent, and 
ephedrine as a decongestant (Heinrich & 
Amirkia, 2021). In foods, alkaloids with 
medicinal properties may be intentionally 
consumed for their perceived health 
benefits (WHO, 2021). The presence of 
saponins, flavonoids, and phenols in the 
seeds and pods of Bixa orellana contributes 
to their potential anticarcinogenic and 
antioxidant properties (Raju et al., 2022; 
Chen et al., 2023). Plants believed to be rich 
in a variety of secondary metabolites such 

as alkaloids, flavonoids, terpenoids and 
saponins have therapeutic values (Agidew. 
2022). These metabolites have received 
attention as active agents for the 
management of several disease conditions. 

Conclusion  

The proximate, mineral, and 
phytochemical analyses collectively 
highlight the significant nutritional, mineral, 
and bioactive potential of the residual seeds 
and pods of Bixa orellana. The proximate 
analysis indicates that the seeds are rich in 
protein and carbohydrates, making them 
suitable for food applications, while the 
pods offer a high fibre content, which can be 
used for dietary supplementation. The 
mineral analysis shows that both 
byproducts are excellent sources of 
essential minerals, including magnesium, 
calcium, and potassium. Furthermore, the 
phytochemical analysis identifies valuable 
bioactive compounds like alkaloids, tannins, 
and phenols. These findings suggest that 
instead of being discarded as waste, the 
residual seeds and pods of Bixa orellana 
could be effectively utilized in the food, 
pharmaceutical, and nutraceutical 
industries, contributing to waste 
valorization and promoting sustainability. 
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