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Abstract 

The study analyzed the chemical properties of aidan fruit (Tetrapluera tetraptera) and 
unripe oil palm kernel (Elaeisguineensis) powder. Specifically determined the 
proximate; minerals; and vitamins composition of the nutrient powder. The study 
adopted experimental research design. Aidan fruit and unripe palm kernel nut were 
processed into powder and formulated at the ratios of 90:10, 80:20 and 70:30. The 
powder was evaluated using the standard methods. Results of proximate 
compositions are in the range of; moisture 2.30 - 17.23, fats 2.65- 8.85, protein 11.55- 
12.53, fibre 14.00- 19.50, ash 2.75-3.50 and carbohydrates 43.70- 62.30. Mineral 
composition includes; calcium 0.31- 1.57mg/100g, magnesium 3.05- 3.43mg/100g 
and zinc 0.63- 1.38mg/100g. The beta-carotene composition obtained were; 0.30 - 0 
47mg/100g and Vitamin C content were 0.20 - 0.22mg/100g. In conclusion, based on 
the results, the chemical composition presented a product that is medicinal and 
beneficial for human consumption. The chemical benefits improved with increase in 
the introduction of unripe palm kernel. However, further studies are needed to 
assess the overall nutritional composition and potential health benefits of aidan fruit 
and unripe palm kernel powder. 
Keywords: Nutrient, Powder, Aidan fruit, Unripe, Palm Kernel, Chemical 

Composition 
Introduction 
Nutrient powders are food additive which 
provides micro and macro nutrients. They 
are shelf life stable compounds that can be 
mixed with water, smoothies, soups etc to 
add, enhance and establish specific 
nutritional needs (British Association for 
Parenteral and Enteral Nutrition {BAPEN} 
2025). They are commonly made from 
meat and seldom from fish (Okwu, 2023). 
Nutrient powders consist of nutrients 

such as protein, fiber, vitamins and 
minerals essential for body functions 
which contribute positively to human 
health (Rahul 2020). Plants are also used 
as raw materials to produce nutritious 
products from a variety of plant 
components such as fruits, nuts, seeds, or 
plant bark. They are used either in fresh 
or dried forms.  

Nutrient powders have a wide range of 
applications in the food industry such as 
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flavoring, coloring and functional foods 
(Tze et al 2012). They are highly portable 
and cost effective compared to their fresh 
products (Saifullah et al 2016). The aidan 
fruit and unripe oil palm kernel are used 
significantly for their functional purposes 
such as boosting immune system, 
management of inflammation and 
hormonal imbalances, etc. 

The palm tree (Elaisguineensis) is an 
ancient tropical plant native to many West 
African countries where local populace 
uses its oil for cooking and other 
household purposes. Most of its parts are 
not only edible but also healthy and 
nutritious with numerous useable 
potentials (Nwaiwu and Akali, 2016). It 
has medicinal and antioxidant properties 
and contains a variety of proteins, 
vitamins and minerals. Unripe palm 
kernel is the hard seed within the fruit of 
oil palm harvested early, typically black 
instead of the red colour of the ripe fruit. 
It is extremely low in fat, possesses anti- 
inflammatory properties and contains no 
harmful cholesterol. Unripe palm kernel 
also has various bioactive constituents 
that can regulate hormone levels in the 
body (Agbadua 2020; Nwinuka et al., 
2015,).  

Aidan fruit (Tetrapleura tetraptera) on 
the other hand is a culinary spice used in 
Nigerian homes especially the eastern 
part to spice yam and for lactating 
mothers as it is believed to aid 
postpartum recovery, boosting milk 
production and replenishing lost nutrients 
(Okwu 2023, Mensah 2024). The 
deciduous plant is from the family 
Fabaceae – Mimosoideae. The plant is native 

to West Africa, and is highly distributed 
in tropical African secondary forest and 
rainforest where they perform best. 
Tetrapleura tetraptera has a characteristic 
distinctive four-winged fruits consisting 
of woody shell, a fleshy pulp and small 
brownish-black seeds (Ojewole, et al., 
2023; Schmidt et al., 2015). Aidan fruit has 
been reported to contain bioactive 
compounds. The most important being 
ascorbic acid which prevents and cures 
scurvy. It also contains polyphenols 
(Shahnah et al., 2017). Research has also 
shown that aidan fruit has rich 
antioxidant properties which plays vital 
role in the production of collagen needed 
in the relief of asthmatic symptoms. It has 
high potentials to protect against cancer 
and stroke and also contain many 
polymethoxylated flavones which are 
rarely present in other plants (Okwu, 
2023). Aidan fruit is rich in minerals, 
amino acids, vitamins and beta-carotene. 
It also contains a rare combination of 
health-promoting antioxidants; quercetin, 
sitosterol, and kaempferol (Okwu, 2023). 

The sensory perception of a product 
by a consumer is very crucial for it to 
thrive in the market irrespective of its 
health or nutritional benefits (George et 
al., 2021). Phenolic compounds such as 
tannins prominent in aidan fruit are well 
known for eliciting negative consumer’s 
response because of their astringency 
and bitter taste. The perceived 
astringency and bitter taste therefore, 
could be one major factor limiting its use 
as sole components for herbal tea 
production (Ojewole et al., 2023), hence 
the need to combine it with another 
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functional but non astringent plant such 
as the unripe palm kernel to boost its 
acceptance among consumers. More so, 
the awareness among consumers of the 
detrimental health effect of consuming 
synthetic foods that cause uterine 
fibroids (noncancerous growths of the 
uterus) have created greater demands for 
additives formulated or prepared using 
natural fruits and nuts that are 
phthalates and parabens (Shahnahet al., 
2017). Research reviewed that unripe 
palm kernel contains chemical 
substances that lower oestrogen, 
progesterone and cholesterol in animals 
under laboratory conditions to prevent 
and treat fibroid as well as reduce the 
distortion that fibroid causes in the 
womb (Ojewole et al., 2023), aidan fruit 
extract on the other hand produces dose-
dependent, significant analgesic effects 
against thermally and chemically 
induced pain during childbearing. It is 
also rich in beta-carotene, vitamins and 
health promoting antioxidants. It may 
therefore be necessary to combine aidan 
fruit with unripe palm kernel in 
developing a powder that will serve as 
an additive with improved nutritional 
benefits suitable for households. 

 
Objectives of the study 
The main objective of this study was to 
evaluate chemical attributes of aidan 
fruit and unripe palm kernel powder. 
Specifically, the study determined: 
1. proximate composition of aidan fruit 

and unripe palm kernel powder. 
2. mineral composition of aidan fruit and 

unripe palm kernel powder.  

3. vitamin content of aidan fruit and 
unripe palm kernel powder. 

 
Materials and Methods 
Design of the study: The study adopted 
laboratory- based experimental design.  
Sources of raw materials: Unripe palm 
kernel was obtained from fresh strands of 
oil palm in Abakaliki metropolis. Aidan 
fruit was also sourced from the 
international market in Abakaliki 
metropolis, Ebonyi State.  
Sample Preparation: The samples were 
prepared using the method described by 
Essiet et al (2013) with little modifications. 
Samples were manually washed with 
distilled water, the Aidan fruit was size 
reduced to achieve fast drying. The unripe 
palm kernel was deshelled. The samples 
were separately sun-dried for three days, 
and oven dried to a constant weight in a 
conventional oven at 60◦ C. The samples 
were grounded separately into fine 
powder and stored in airtight plastic bags 
for formulation and chemical analyses. 
Sample formulation and coding: 
Samples were formulated in aidan 
fruit and unripe palm kernel ratios of; 
90:10, 80:20 and 70:30. 
Chemical Analysis: The samples were 
analyzed in triplicates. Parameters 
determined include proximate, minerals 
and vitamins. The proximate, minerals and 
beta-carotene were determined using the 
Association of Official Analytical Chemist 
(AOAC) (2016).  
Moisture: Sample was placed in clean dry 
crucible and was weighed. It was then 
dried in oven and cooled in a desicator. 
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Fat: Two milliliters of each sample was 
extracted with acetone (BP 400C – 600C) 
using “Sohxlet extractor” for 1 hour. The 
solvent free samples were dried in an 
oven, cooled in a dissector and reweighed 
prior to calculation of crude fat content.  
Protein: Kjeldahl method was used. After 
distillation and titration, nitrogen was 
corrected using a factor of 5.25.  
Fiber: Sample was hydrolyzed with 
sulphuric acid (H2SO4), boiled, filtered, 
and boiled again with NaOH and HCl 
acid. The residue was then dried, cooled, 
and burned in a muffle furnace at 500°C 
for five hours.  
Ash: 2g of sample was heated in a ceramic 
crucible at 550C for 3 hours. The sample 
were then weighed using the formular for 
ash% =(w2-w1)/(weight of sample) x100. 
Carbohydrate: was determined by 
Difference that is, subtracting the sum of 
the % of protein, fat, moisture, and ash 
from 100%. Carbohydrate percentage was 
calculated. 
Calcium: Previous ash sample was 
dissolved in 5ml of 30% HCl and 45ml of 
distilled water. The diluted samples were 
filtered and the filtrates were used to 
analyze for calcium using atomic 
absorption spectrophotometer.  
Magnesium and Zinc: One gram of dried 
sample was digested with 2.5ml of 0.03N 

hydrochloric acid (HCl). The digest was 
boiled for five minutes, allowed to cool to 
room temperature and transferred to 50ml 
volumetric flask and made up to the mark 
with diluted water. The resulting digest 
was filtered with ashless Whatman No. 1 
filter paper. Filtrate from the sample was 
analyzed using an Atomic Absorption 
Spectrophotometer. 
Vitamin C: Two grammes of each sample 
was weighed into 250ml flat bottom flask 
and dissolved with 2 ml of distilled water. 
Beta-carotene: One gram of the sample 
was weighed out followed by addition of 
3ml of absolute ethanol. A precipitate of 
protein was formed, and the extract of 
vitamin with 5ml of heptanes layer taken 
to corvette and read 450nm against a 
blank of heptanes in a spectrophotometer. 
These analyses were carried out in the 
food analytical laboratory of food science 
and technology department, Ebonyi State 
University, Abakaliki. 
Data Analysis techniques: Data analysis 
was done using mean separation 
determined through Duncan’s multiple 
range tests while the Analysis of Variance 
(ANOVA) was used to determine 
significant differences among the samples 
at 5 % level of significance. 
 
Findings

 
Table 1:  Proximate composition of aidan fruit and unripe palm kernel powder 
Parameters (%)   90% aidan fruit 80% aidan fruit                                   70% aidan  fruit                     

Moisture  17.23a ± 0.035  2.30c± 0.283  4.75b±0.354 
Fat 3.65b± 0.919 2.65b ±0.459  8.85a ±0.212 
Protein 12.43 a ±0.240  11.55b ±0.240 12.53 a ±0.127 
Fibre 19.50a ± 2.121 18.00ab ± 0.948 14.00b ± 1.414 

Ash 3.50a   ± 0.707 3.25a  ± 0.354 2.75a  ± 0.014 
Carbohydrate  43.70c   ± 0.113 62.30a ± 0.919 57.12b  ± 1.075 
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Values are means ±standard deviation of triplicate determinations. Means with different superscripts along the same 
row are significantly different (p < 0.05). 101=90% aidan fruit and 10% immature palm kernel, 102=80% aidan fruit 
and 20% immature palm kernel and 103=70% aidan fruit and 10% immature palm kernel. 

 
Table 1 describes the proximate 
composition of the powder. The moisture 
content ranged from 2.30 -17.23%. Sample 
containing 90% aidan had the highest 
value of 17.23% while sample with 80% 
aidan had the least value of (2.30%). 
There was a significant difference 
(p<0.05) among the samples. The fat 
content of the powder ranged from 2.65-
8.85%. It was observed that sample with 
70% aidan had the highest fat (8.85%) 
while sample with 80% aidan had the 
least (2.65). There was no significant 
difference (p>0.05) between sample with 
90% aidan and 80% aidan respectively 
and sample with 70% was significantly 
higher (p<0.05). The protein content of 
the powder ranged from 11.55-12.53%. 
Sample with 70% aidan had the highest 
protein content (12.53%) while sample 
with 80% aidan had the least value 
(11.55%) and there was no significant 
difference (p<0.05) between sample with 
90% aidan and sample with 70% aidan 

but was significantly (p<0.05) higher in 
sample with 80% aidan. The fibre content 
ranged from 14.00-19.50%. Sample with 
90% aidan had the highest value (19.50%) 
while sample with 70% had the lowest 
(14.00%). There was no significant 
difference (p>0.05) between samples 90% 
and 80% aidan but were significantly 
(p<0.05) higher than sample with 70% 
aidan fruit. The ash content of the blends 
ranged from 2.75-3.50% and there was no 
significant difference (p>0.05) among the 
samples. The highest value of ash (3.50%) 
was obtained from sample with 90% 
aidan while the lowest value (2.75%) was 
from sample with 70% aidan. The 
carbohydrate content obtained ranged 
from 43.70-62.30%, sample with 80% 
aidan fruit had the highest value of 
(62.30%) and sample with 90% aidan had 
the lowest (59.87%). There were 
significant differences (p<0.05) from each 
of the samples in the carbohydrate 
contents.

  
Table 2: Mineral composition of aidan fruit and unripe palm kernel powder 
Parameters(mg/100g)     90% aidan  fruit   80% aidan    fruit                                       70%aidan fruit                     

Calcium       1.57a ± 0.050            0.80 b ± 0.283        0.31b ± 0.134 

Magnesium       3.05 b   ± 0.071          3.10b  ± 0.141         3.43b ± 0.034 

Zinc          0.68   ± 0.035           0.63b ± 0.028         1.38a  ± 0.035 

Values are means ±standard deviation of triplicate determinations. Means with different superscripts along the same 
row are significantly different (p < 0.05). 101=90% aidan fruit and 10% immature palm kernel, 102=80% aidan 
fruit and 20% immature palm kernel and 103=70% aidan fruit and 10% immature palm kernel. 

 
Table 2 shows the mineral composition of 
the powder blend. The calcium content 
ranged from 0.31-1.57mg/100g. The 

sample containing 90% aidan fruit had 
the highest calcium content while the 
sample containing 70% aidan fruit had 
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the least calcium content. The magnesium 
content ranged from 3.05-3.43mg/100g, 
the sample containing 70% aidan fruit 
had the highest value while sample with 
90% aidan fruit had the least. The zinc 
contents obtained from the findings 
ranged from 0.63-1.38mg/100g. There 

was no significant difference (p>0.05) 
between samples with 90% and 80% 
aidan fruit but significantly different 
(p<05) from the sample with 70% aidan 
fruit that had the highest value of 
1.38mg/100g. 

 
Table 3: Vitamin composition of idan fruit and unripe palm kernel powder 
Parameters (mg/100g)   90%aidan fruit 80%  aidan fruit                               70% aidan fruit                    

Beta-carotene 0.45a ± 0.007 0.30 b ± 0.007 0.30b ± 0.007 

Vitamin C 0.20a   ± 0.007  0.21a  ± 0.007  0.22a± 0.007 

Values are means ±standard deviation of triplicate determinations. Means with different superscripts along the same 
row are significantly different (p < 0.05). 101=90% aidan fruit and 10% immature palm kernel, 102=80% aidan 
fruit and 20% immature palm kernel and 103=70% aidan fruit and 10% immature palm kernel. 

 
Table 3 shows the vitamin contents of the 
powder. Beta-carotene content ranged 
from 0.30-0.45mg/100g. The highest 
value (0.45mg/100g) was obtained in the 
sample with 90% aidan fruit while the 
least value (0.30mg/100g) was obtained 
in samples with 80% and 70% aidan fruit 
respectively. There were significant 
differences (p<0.05) among the samples. 
Vitamin C content of the fruit powder 
ranged from 0.20-0.22mg/100g and there 
was no significant difference (p>0.05). 
The highest value of vitamin C was 
0.22mg/100g and it was obtained from 
sample with 70% aidan fruit while the 
lowest value was obtained in the sample 
with 90% aidan fruit (0.20mg/100g). 
There was a slight increase in the vitamin 
C content as the immature palm kernel 
increased in the blends. 
 
Discussion of Findings 
The moisture content of the nutrient 
powder ranged from 2.30 -17.23%. 
Moisture content for powdered fruits and 

nuts is ideal at 6% and 8% (Isreal 2014). 
Sample with 90% Aidan fruit is high at 
17.23%, the value was more than the 
value reported by Tze et al (2012) for 
Pitaya fruit powder (4.07%) and that 
obtained by Isreal (2014) for Palm kennel 
(4.68%) indicating that the sample with 
90% Aidan (17.23%) may not be stable but 
the other two samples can keep. The 
moisture content is important as it affects 
the texture, taste, and overall quality of 
the product (Almeida et al., 2018).  
Moisture content of the nutrient powder 
reduced with the increase of the 
immature palm kernel thus the immature 
palm kernel can contribute to its stability. 
The fat content of the powder (2.65-
8.85%) were lower compared to the 
minimum recommendation by 
FAO/WHO (1991) also lower than that of 
peanut powder (22%) (Bonku et al 2020). 
According to FAO/WHO (1991), nutrient 
powder should have (10-25%) fat content. 
Fat content refers to the total lipid content 
in the product. It is an important source 
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of energy and contributes to the flavor 
and texture of the nutrient powder 
(AOAC International, 2016). The protein 
content of the nutrient powder (11.5-
12.5%) was lower than the recommended 
value of 20-25g per scoop of the nutrient 
powder which is equivalent to 80% 
(Rogerson 2020). The value was also 
lower than that obtained by Banku et al 
(2020) for Indian raw kernel peanut (22-
34%) but higher than Pecan nut powder 
(USDA 2018). Protein content represents 
the amount of nitrogen present in the 
powder, which is then converted to 
amino acids. Proteins are essential for 
growth, repair and maintenance of the 
body (Almeida et al., 2018). The fibre 
content (14.00-19.50%) obtained meets the 
dietary guideline for Americans, (14g 
daily) (Dietary guidelines for Americans 
2025), but is lower (25-30g) as prescribed 
by (UCSF Health 2022) for daily intake. It 
was observed that as the immature palm 
kernel was increasing in the powder the 
fibre content decreased. Notwithstanding, 
the low crude fibre content is 
nutritionally appreciated because it traps 
less protein (Asoba et al.,2018). Fiber 
content refers to the indigestible portion 
of the food that provides bulk to the diet 
and has various health benefits such as 
aiding digestion and reducing the risk of 
chronic diseases (AOAC International, 
2016). The ash content of the nutrient 
powder ranged from (2.75-3.50%). The 
ash content reduced as the quantity of the 
immature palm kennel nut increased. Ash 
is simply what is left over after food has 
been burnt. The value obtained was 
higher than the recommended value of 

ash in powder/ flour foods (0.1-2.5%) 
(Bilge et al 2016) and also higher than that 
obtained for peanuts (1.2-2.3%) (Subedi 
2023). They also opined that high ash 
content reflects high moisture content 
and represents the mineral content of the 
food. It determines the overall nutritional 
value of the food (AOAC International, 
2016). The carbohydrate content of the 
nutrient powder ranged from (43.70-
62.30%). The value is within the expected 
daily intake of 45%-65% (225-325g), (RDA 
2023). Finding is higher than that 
obtained for fruits (15-30%) and nuts (10-
25%) as obtained by (Canadian Nutrient 
File 2022). Carbohydrates represent the 
total amount of sugar, starch, and fiber 
present in the food. Carbohydrates are an 
essential source of energy for the body 
(Almeida et al 2018). The nutrient powder 
could be suitable for individuals seeking 
a carbohydrate-rich dietary option. 

The calcium content ranged from (0.31-
1.57mg/100g). Sample with 90% Aidan 
fruit had the highest value. The result 
indicates a progressive decrease in 
calcium content. WHO recommends a 
daily intake of approximately 1000mg of 
calcium for adults aged 19-50. A lower 
intake may be recommended for certain 
age groups. Therefore, based on these 
recommendations, the calcium levels in 
the nutrient powder, particularly at the 
higher proportions of Aidan may not 
meet the WHO (2019) recommended 
daily intake. The magnesium content 
ranged from (3.05-3.43mg/100g) and 
sample with 70% Aidan fruit had the 
highest value of (3.43mg/100g). It was 
observed that the increased addition of 
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the immature palm kernel to the blend 
increased the magnesium content of the 
blend. According to (WHO 2019) the 
recommended daily intake of magnesium 
for adult is 300-400mg per day. 
Comparing the results, it can be observed 
that all three blends of the powder 
contained magnesium within the 
recommended range. Therefore, 
incorporating Aidan fruit and immature 
palm kernel powder into the diet could 
potentially help individuals meet their 
daily magnesium needs. Magnesium 
supports a healthy immune system, keeps 
the bone healthy and helps in proper 
adjustment of blood glucose levels ({NIH} 
2021). The zinc contents ranged from 
(0.63-1.38mg/100g). The value obtained is 
higher than that in peanuts (0.8mg) and 
lentil (0.3mg) (Health Directory 2023).  
WHO recommends a daily intake of zinc 
to be (8-11mg) for adults (WHO, 2019). 
The zinc value increased with the 
increase of the immature palm kennel. It 
is evident that sample with 70% Aidan 
fruit has a significantly higher zinc 
content compared to other samples. The 
powder can contribute to meeting the 
daily zinc requirements. The beta-
carotene content ranged from (0.30-
0.45mg/100g). The highest value 
(0.45mg/100g) was obtained in the 
sample with 90% Aidan. Beta-carotene is 
an essential nutrient required for healthy 
vision, immune function, and cell growth. 
According to WHO, the recommended 
daily intake of beta-carotene for an adult 
male is 0.90mg while for an adult female 
is 0.70mg. All three blends fall below the 
daily recommended intake level. The 

Beta-carotene content of sample with 90% 
Aidan fruit is closer to the recommended 
intake compared to the other two samples 
(0.30mg). The well known basic function 
of beta-carotene is the formation of retinal 
ligaments of the eye. Its biologically 
active derivatives, the retinoids also 
regulate key processes in the body 
(Bennasir et al., 2010). Vitamin C content 
of the nutrient powder ranged from (0.20-
0.22mg/100g). The highest value of 
vitamin C was 0.22mg/100g and it was 
obtained from sample with 70% Aidan 
Fruit. The vitamin C value obtained is 
lower than the value obtained in 
strawberry powder (USDA 2019). The 
value is also lower than the 
recommended daily intake of 75-90mg 
(Zeratsky 2022). There was a slight 
increase in the vitamin C content as the 
immature palm kernel increased in the 
blends. Vitamin C is an antioxidant; it 
plays a vital role in various metabolic 
processes and aids in the absorption of 
iron (Taraj et al 2021). 

 
Conclusion 
The findings affirmed that the proximate 
composition of the sample with 90% 
Aidan fruit had the highest moisture and 
fibre content. Sample with 80% Aidan 
had the highest carbohydrate content and 
sample with 70% Aidan had the highest 
fat and protein content. The mineral 
content of the nutrient powder made 
from Aidan fruit and immature palm 
kernel demonstrated significant levels of 
magnesium and zinc in all the three 
samples. This suggests that the powder 
could serve as a valuable dietary 
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supplement for meeting the 
recommended daily intake of minerals. 
The Aidan fruit and immature palm 
kernel powder revealed varying 
concentrations of beta-carotene. 
However, all three samples fell below the 
WHO's recommended daily intake. 
Nutritional qualities of a product are key 
consideration in product selection, thus 
the powder can be accepted to its target 
market. 
 
Recommendations 
In view of the findings of the study, the 
following recommendations were made. 
1 Aidan fruit and unripe palm kennel 

powder can be used in households for 
food fortification 

2 Further studies are needed to assess the 
overall nutritional composition and 
potential health benefits of the blends of 
Aidan fruit and unripe palm kennel 
powder. 

3 The sensory attributes of the aidan fruit 
and unripe palm kernel nutrient 
powder should be explored. 

4 A pilot study of the product can be 
conducted to determine community 
acceptance. 

 
References 
Agbadua, O.G., Idusogie, L.E., Chukwuebuka, 

A.S., Nnamdi, C.S. and Samuel, S. (2020) 
Evaluating the protective and ameliorative 
potentials of unripe palm kernel seeds on 
monosodium glutamate-induced uterine 
fibroids. Open Acess Library Journal. 
Doi;10.4236/oalib.1106461 

Almeida, F.N., & Polo, M. (2018). Proximate 
Composition and Nutritional Quality of 

Food. In J.-W. Park (Ed.), Handbook of 
Food Chemistry (pp.53-78). Springer. 

Banker, R., Yu, J (2020) Health aspect of 
peanuts as an outcome of its chemical 
composition. Food Science and Human 
Wellness 9(1) 21-30 

Association of Official Analytical Chemist. 
(2010). Official Methods of Analysis. 
AOAC International. 

Association of Official Analytical Chemists. 
2016. Official methods of analysis. 15th ed. 
Association of Official Analytical Chemists, 
Washington, DC.   

Bilge, G., Sezer, B., Ebseller, K., Berberoglu, 
H., Koksei, H., Boyaci, H., (2016) Ash 
analysis of flour sample using laser-
induced breakdown spectroscopy. Atomic 
Spectroscopy 124 pp74-78 

Bennasir, H., Sridher, S., Tech, M., Abdel- 
Razek, T. (2010). Vitamin A from 
physiology to disease prevention. 
International Journal of Pharmaceutical 
Sciences Review and Research 1(1). 
www.globalreseachonline.net 

British Association for Parenteral and Enteral 
Nutrition (2025) Food additives and how 
they are regulated. 
https://www.bapen.org.uk retrieved 16 th 
Oct 2025. 

Canadian Nutrient File (2022). Nutrient value 
of common foods. 
https//www.hc.sc.gc.ca/fn-
an/nutrition/fiche-nutri-data/indexe.html 

Chaudhari, N., & Roper, S. D. (2010). The cell 
biology of taste. The Journal of Cell 
Biology, 190(3), 285-296. 

Dehghan-Shoar, Z., Hardacre, A.K., and 
Brennan, C.S (2010). The physico-chemical 
characteristics of extruded snacks enriched 
with tomato lycopene. Food Chemistry, 
123,1117e1122. https://www.sid.ir 

Dietary Guidelines for Americans (2025) Food 
Sources of Dietary Fibre. 
https://www.dietaryguidelines.gov 

http://www.globalreseachonline.net/
https://www.sid.ir/


      
 

159 |                                                JHER Vol. 32 (2) December 2025 

 
 

 

Dosunmu, M. I. 1997. Chemical composition 
of the fruit of Tetrapleuratetraptera and the 
physicochemical properties of its oil. Global 
J. Pure Appl. Sci. 3(1): 61–67. 

Essiet, U.A., &Okoko,A.I., (2013). 
Comparative nutritional and 
phytochemical screening of the leaves and 
stems of acalyphaschum and thorn and 
Euphobiahirtalinn. BULETIN of 
Environmental Pharmacology of Life 
Sciences, 2(4), 38-44 

Food and Agriculture Organization/ World 
Health Organization (1991). Protein 
Quality Evaluation. Food and Nutrition 
Paper 51, Rome. https://www.scrip.org 

George, T. T., Obilana, A., Oyenihi, A. B., and 
Rautenbach, F. (2021).  

MoringaoleiferaThrough the Years: A 
Bibliometric Analysis of Scientific Research 
(2000- 2020). South African Journal of Botany, 
141, 12-24. 

Health Direct (2023) Foods high in Zinc. Health 
direct, http;//www.healthdirect. gov.au 

Herbone, J.B., (1973). Phytochemical methods. 
London: Chapman and Hall Ltd. 49-188. 

Ihekoronye, A.I., and Ngoddy, P.O., (1985). 
Integrated Food Science and Technology 
for the Tropics. New York. Macmillian 
Publishers. 298-300 

Isreal, A (2014) Moisture Migration and Bulk 
Nutrient Interaction in a Drying Food 
System; A Review. Food and Nutrition 
Sciences 05(08); 692-714 

Iwe, M. O. (2014). Sensory Methods and 
Analysis. Rejoint Communication Services 
Limited, 65 Adelabu Street, Uwani Enugu, 
Nigeria 

Krishna, S., P (2018). Process for preparation 
of Vitamin C and method for 
determination of Vitamin C tablets. SciFed 
Journal of Chemical Reseach 2(1) 1-17 

Kumar V. P., and Shruthi, B. S. (2014). Tea: An 
Oral Elixir. Scholars Academic Journal of 

Pharmacy (SAJP) Sch. Academic Journal of 
Pharmacy, 3(1), 9-18  

Mensah, R.O., Adesua, S., Azupio, S., 
Kwakye, R. (2024) Nutritive value, benefits 
and application of Tetrapleura tetraptera. 
https//pmc.ncbi.nlm.nih.gov. retrieved 
20th Oct 2025 

National Institutes of Health (NIH). (2021). 
Vitamin C. Office of Dietary Supplements. 
Retrieved from [Provide relevant citation 
links/URLs here]. 

National Institute of Health (2021). 
Magnesium fact sheets for consumers 
https//:ods.od.nih.gov Retrieved 13th 
September 2024 

Nwaiwu, J. I., and P. A. Akali. (2016). Anti-
convulsant activity of the volatile oil from 
the fruit of tetrapleuratetraptera. J. 
Ethnopharmacol. 18:103–107. 26.  

Nwinuka, N. M., G. O. Ibeh, and G. I. Ekeke. 
(2015). Proximate composition and levels 
of some Toxicants in four commonly 
consumed spices. J. Appl. Sci. Environ. 
Manage. 9(1):150–155. 

Ojewole, J. A. O., and S. K. Adesina. (2023). 
Cardiovascular and neuromuscular actions 
of scopoletin from fruit of 
Tetrapleuratetraptera. Planta Med. 48:99–
102. 28.  

Okwu, D. E. (2023). The potentials of 
Ocimumgratissimum, Penrgulariaextensa 
and Tetrapleuratetraptera as spice and 
flavouring agents. Niger. Agric. J. 35: 143–
148.  

Onwuka, G. I. (2018). Food Analysis and 
Instrumentation. Theory and Practices. 
Revised Edition. Naphtali Prints Lagos, 
Nigeria, 10-20. 

Rahul, R., (2020). What should I look for in 
choosing nutrition powder.  
https://www.quora.com. Retrieved 20th 
July 2024 

https://www.quora.com/


      
 

160 |                                                JHER Vol. 32 (2) December 2025 

 
 

 

Recommendaed Dietary Allowance (2023). 
Nutrient Recommendations and Databases 
https://www.scrip.org 

Rogerson, D. (2020) Protein powder shake and 
supplement: How much can our body 
actually use. The conversation. 
https://theconversation.com 

Saifullah, M., Yusof, Y.A., Chin, N.L and Aziz, 
M.G., (2016) Physiochemical flow 
properties of fruit powder and their effect 
on the dissolution of fast dissolving fruit 
powder tablets. Powder Technology vol 
301 396-404 

Schmidt, M., Schmitz, H. J., Bumgart, A., 
Guedon, D., Netsch, M. H., Schmidli, C., 
and Schrenk D. (2015). Toxicity of green tea 
extracts and their constituents in rat 
hepatocytes in primary culture. Food and 
Chemical Toxicology, 43, 307-314.  

Shahnah, S. M., Ali, S. Ansari, H., and Bagri, 
P. (2017). New sequiterpene derivative 
from fruit peel of Aidan. Journal of Science 
of Pharmacology, 75, 165-170. 

Subedi, T. (2023) An Assessment of Mineral 
Contents in Food. 
https//ejournal.pncampus.edu.np/ejourn
al/paj/ 

Taraj, K., Hasa, A., Musa, A., (2021). Sources 
and benefits of Vitamin C. Technium 
Biochem 2(1) 23-31 

Tiwari, B. K., et al. (2011). Health Benefits of 
Aidan Fruits. Journal of Food Processing 
and Preservation, 35(2), 77-99. [Provide full 
citation here]. 

Tze, N.L., Han, C.P., Yusof, Y.A., Ling, C.N., 
Talib, R.A., Tarp, F.S., and Aziz, M.G., 
(2012) Physiochemical and Nutritional 
Properties of Spray-dried Pitaya Fruit 
Powder as Natural Colourant. Food Sci 
Biotechnol 21(3) 675-682 

USCF health (2022) Health Directory. 
https://www.ucsf health.org 

UCSF Health (2024) Increasing fibre intake. 
Retrieved on 12th March 2025 from 
ucsfhealth.org 

USDA (2018) Macronutrient Composition of 
Selected Powders. USDA National 
Nutrient Database for Standards. 
https://www.nsss.usda. gov 

World Health Organization (WHO). (2019). 
Vitamin and Mineral Requirements in 
Human Nutrition. https://iris.who.int 
Retrieved 23rd April 2024. 

Yousef, J. (2015). The importance of Aroma. 
British Chef. Retrieved from 
https://www.coffeehealth.org 

Zeratsky, K., (2022). Nutrition and healthy 
eating. https://www. mayoclinic.org 
Retrieved 14th September 2024. 

  

 
  

https://www.scrip.or/
https://www.ucsf/
https://www.nsss/
https://iris.who.int/

