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Introduction  

Musa paradisiaca and moringa (kelor) are plants that grow 

readily and are widely distributed in tropical regions such as Indonesia. 

Both of these plants are utilised as food in Indonesia. The fruit of the 

Musa paradisiaca is frequently used as a food source, while the leaves 

and fruits of the Moringa plant are commonly consumed 1. Musa 

paradisiaca plants are monocarpic, meaning they only bear fruit once. 

Consequently, the pseudostem section of the banana plant is typically 

left as waste after fruit harvest. In South Sulawesi, harvested Musa 

paradisiaca pseudostems are typically discarded or used only as an 

additive in animal feed. Meanwhile, the utilisation of Moringa (kelor) 

is often limited to vegetables and wound healing, suggesting that 

Moringa leaves are not yet being fully utilised 2.  
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The utilisation of Musa paradisiaca pseudostems in food remains 

uncommon, despite extensive research leveraging other parts of the 

banana plant (such as the fruit, peel, and blossom) as food ingredients3,4. 

Musa paradisiaca pseudostems are rich in dietary fibre, which supports 

digestion. This pseudostem is reported to aid in preventing 

diverticulitis, constipation, high cholesterol, colon cancer, obesity, and 

diabetes mellitus5. The cellulose content in banana pseudostems is 

approximately 63–64%6. Furthermore, the starch in banana 

pseudostems can be used as a substitute for wheat flour. In previous 

research, banana flour, Moringa flour, and tempeh flour were reported 

to have potential as biscuit ingredients 7. Moringa leaf is a known, easily 

accessible, nutritious local food source and an excellent antioxidant 

source 8. The dried leaves of Moringa oleifera contain Moisture 3.0%, 

Ash 13.5%, fibre 8.5%, Crude lipid 5.0%, Crude protein 5.43%, 

Carbohydrate 62.57%. The mineral content of the leaves (mg/100 g): 

Sodium (Na) 0.14, potassium (K) 5.10, Calcium (Ca) 0.28, magnesium 

(Mg) 0.29, phosphorus (P) 5.58 9. Moringa leaves also contain Vitamins 

A, B, and C, β-carotene, xanthine, flavonoids, sugars, steroids, 

alkaloids, coumarins, and fatty acids. They have traditionally been 

utilised for their therapeutic properties, including anti-hypertensive, 

anti-obesity, antimicrobial, anti-inflammatory, antioxidant, analgesic, 

diuretic, anti-cholesterol, and hepatoprotective effects 10.  In this study, 

a combination of Musa paradisiaca pseudostem flour and Moringa leaf 

flour was used to fortify biscuits. This approach aims to make both 

Musa paradisiaca pseudostems and moringa leaves more readily 

consumable, thereby enabling the beneficial properties of these 
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Musa paradisiaca and Moringa oleifera are widely cultivated in tropical regions, including 

Indonesia. Musa paradisiaca pseudostems are often discarded after harvest, and Moringa leaves 

are underutilised. Musa paradisiaca pseudostem is rich in carbohydrate and crude fibre, while 

Moringa leaves are rich in protein, calcium, phosphorus, β-carotene, and thiamine. This study 

aimed to determine the nutritional content, antioxidant activity, and quality of Musa paradisiaca 

pseudostem flour (TBP) and Moringa leaf flour (TDK) formulated into fortified biscuits. The 

study measured the carbohydrate, protein, fat, crude fibre, key micronutrients (Ca, P, Fe, 

Thiamine, β-carotene), moisture, ash content, heavy metal contamination, Total Plate Count 

(TPC), and antioxidant activity in TBP, TDK, and biscuit formulas (F0, F1, F2, and F3) using 

appropriate methods. TDK showed the highest protein (8.52 ± 0.007%) and micronutrient levels, 

while TBP showed the highest carbohydrate (63.46 ± 0.007%) and crude fibre (2.96 ± 0.007%) 

levels. The combination was effective, with Formula F2 (optimally formulated) demonstrating the 

best nutritional profile, significantly increasing the combined nutrient and fibre content. Although 

TBP and TDK flours exceeded the microbial contamination limit, all fortified biscuit formulas 

(F0, F1, F2, and F3) were safe from microbial (<1.0 x 104 colony/g) and lead (Pb) heavy metal 

contamination (< 1.0 x 108 mg/kg). This safety level is attributed mainly to the high-temperature 

baking process. Both the Musa paradisiaca pseudostem and Moringa leaves possess valuable 

compounds suitable for fortification. Formulas F1, F2, and F3 are free of microbial and Pb 

contamination, making them a promising source of natural antioxidants and essential nutrients. 
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ingredients to be harnessed for health benefits. The objective of this 

research was to determine the nutritional content, antioxidant activity, 

and quality of Musa paradisiaca pseudostem flour (TBP) and Moringa 

leaf flour (TDK) formulated into fortified biscuits. This study is 

expected to provide an innovative approach to the utilization of Musa 

paradisiaca pseudostems and Moringa leaves as functional food 

ingredients. 

 

Materials and Methods  
 

Materials 

The equipment utilised included Atomic Absorption Spectrophotometer 

240FS Model Agilent (USA), UV-Vis spectrophotometry Cary 60 

Model Agilent (USA), an analytical balance (Shimadzu®), a food 

dehydrator (Wirastar®), distillation apparatus (Iwaki®), a fume hood 

(Esco®), a furnace (Jisico®), an incubator (Memmert®), Petri dishes 

(Anumbra®), a Soxhlet extractor (Infitek®), a micropipette (OneMed®), 

an oven (Memmert®), a water bath (Memmert®), and a UV-Vis 

spectrophotometer (Thermo®). Other materials include Pb(NO3)2 

(Merck®), Fe(NO3)3 (Merck®), HNO3 (Merck®), CaCO3 (Merck®), P2O5 

(Merck®), DPPH (2,2-diphenyl-1-picrylhydrazyl) (Merck®), Aquadest 

(OneLab®), Bromthymol Blue indicator (Merck®), Thiamine 

hydrochloride (USP®), ethanol, methanol, beta-carotene (Sigma®), and 

Nutrient Agar (Merck®). 

 

Collection and Preparation of Plant Materials 

The Musa paradisiaca pseudostems and Moringa leaf (kelor) samples 

were sourced from Japing Village, Pattallassang District, Gowa 

Regency, South Sulawesi, (5°12'02.3"S 119°32'10.2"E). Both plants 

were identified at the Botany Laboratory, Department of Biology, 

Hasanuddin University, and were registered under voucher ID numbers 

01979/UN4.11/PT.01.02/2025 and 01980/UN4.11/PT.01.02/2025, 

respectively. Musa paradisiaca pseudostems were collected from plants 

whose fruits had already been harvested. Specifically, the sample 

comprised the middle layer, or innermost part, of Musa paradisiaca 

pseudostems. Mature Moringa leaves were harvested, characterised by 

their dark green colour, starting from the seventh leaflet onward. The 

Moringa leaves were then separated from their stalks and washed 

thoroughly. Subsequently, the leaves were dried in an oven at 30 °C 

until completely dehydrated. 

 

Preparation of Musa paradisiaca Pseudostems Flour (TBP) 

Musa paradisiaca pseudostems were thoroughly washed and cut into 

small pieces, approximately 1 cm thick. These pieces were then soaked 

in a 10% salt solution for 30 minutes. Following soaking, the 

pseudostem pieces were rinsed with running water, drained, and dried 

in an oven at 70 oC for 20 hours. The dried Musa paradisiaca 

pseudostems were subsequently pulverised and sifted using a No. 100 

mesh sieve. 

 

Preparation of Moringa Leaf Flour (TDK) 

Dried Moringa leaves (1 kg) were pulverised in a blender and then sifted 

through a No. 100 mesh sieve to make a TDK powder. 

 

Biscuit Preparation 

All ingredients were weighed according to the formulation as shown in 

Table 1. Powdered sugar, margarine, milk powder, and vanilla were 

mixed using a mixer until the dough became homogeneous. Once 

homogeneous, the egg yolks (amount or weight) were incorporated into 

the dough and mixed for 10 minutes. Then, a sufficient amount of 

baking soda was added, and the mixture was mixed briefly until 

homogeneous. Subsequently, wheat flour, Musa paradisiaca 

pseudostems flour, and Moringa leaf flour were added to the mixture 

and stirred using a spatula until evenly combined. Each batch of dough 

from the respective formulas (F0, F1, F2, F3) was thinly rolled, shaped 

into the desired form, placed on a baking sheet, and baked at 125 °C for 

15 minutes, until fully cooked. 

 

 

 

Table 1: Biscuit Formulation for a 200-gram product 

Material F0 

(control) 

(g) 

F1 

(g) 

F2 

(g) 

F3 

(g) 

Musa 

paradisiaca 

pseudostems 

flour (TBP) 

- 5 10 10 

Moringa leaf 

flour (TDK) 

- 10 10 5 

Wheat flour 100 85 80 85 

Milk powder 20 20 20 20 

Powdered 

sugar 

30 30 30 30 

Margarine 30 30 30 30 

Egg yolk 20 20 20 20 

Baking soda q.s. q.s. q.s. q.s. 

Vanilla q.s. q.s. q.s. q.s. 

Notes: 

F0 = Biscuit formula with a ratio of wheat flour: Musa paradisiaca 

pseudostems flour (TBP): Moringa leaf flour (TDK) of 100:0:0. 

F1 = Biscuit formula with a ratio of wheat flour: Musa paradisiaca 

pseudostems flour (TBP): Moringa leaf flour (TDK) of 85:5:10. 

F2 = Biscuit formula with a ratio of wheat flour: Musa paradisiaca 

pseudostems flour (TBP): Moringa leaf flour (TDK) of 80:10:10. 

F3 = Biscuit formula with a ratio of wheat flour: Musa paradisiaca 

pseudostems flour (TBP): Moringa leaf flour (TDK) of 85:10:5. 

 

Quality and quantitative Analysis of Musa paradisiaca Pseudostems 

Flour (TBP), Moringa Leaf Flour (TDK), and Biscuits 

Lead (Pb) Content 

The sample (5 g) was accurately weighed into a porcelain crucible. The 

crucible was then placed into a furnace until the sample turned white 

ash. This white ash was dissolved in 5 mL of 6N HCl and heated on an 

electric heater until dry. It was dissolved in 0.1N HNO3, transferred into 

a 50 mL volumetric flask, and made up to the mark. If necessary, the 

solution was filtered using ashless filter paper into a polypropylene 

container. A blank solution was prepared. The absorbance of both the 

sample and blank solutions was measured using an Atomic Absorption 

Spectrophotometer (AAS) 240FS Model Agilent (USA) at a 

wavelength of 283 nm 11. 

 

Total Plate Count (TPC)  

A series of dilutions was prepared as needed using sterile Aquadest 

(distilled water). 1 mL of each sample was pipetted from the 10-1 to 10-

4 dilution levels into separate sterile Petri dishes in duplicate. 

Subsequently, 15 mL of molten NA (Nutrient Agar) medium was 

poured into each Petri dish and homogenised until solidified. All Petri 

dishes were then inverted and incubated at 35 °C for 48 hours. The 

growth of colonies on each Petri dish was recorded 12. 

 

Nutritional Content Analysis of Musa paradisiaca Pseudostems Flour 

(TBP), Moringa Leaf Flour (TDK), and Biscuits 

Carbohydrate Content 

The carbohydrate content was analysed by difference. This method 

involves subtracting the sum of the known values of other components 

(such as moisture, ash, protein, and fat content) from the total 100% 13. 

Protein Content 

The protein content was analysed using the Kjeldahl method and 

measured at Labkesmas Makassar I, part of the Indonesian Ministry of 

Health 13. 

 

Fat Content 

The fat content was analysed using the gravimetric method and 

measured at Labkesmas Makassar I, part of the Indonesian Ministry of 

Health 13. 

 

Fiber Content 

The fibre content was analysed using the gravimetric method and 
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measured at Labkesmas Makassar I, part of the Indonesian Ministry of 

Health 14. 

 

Moisture Content 

The moisture content was analysed using the gravimetric method and 

measured at Labkesmas Makassar I, part of the Indonesian Ministry of 

Health 14. 

 

Ash Content 

The ash content was analysed using the incineration method and 

measured at Labkesmas Makassar I, part of the Indonesian Ministry of 

Health 13. 

 

Calcium Content 

The calcium content was analysed using an Atomic Absorption 

Spectrophotometer (AAS) 240FS Model Agilent (USA),  and measured 

at Labkesmas Makassar I, part of the Indonesian Ministry of Health 14. 

 

Phosphorus Content 

The phosphorus content was analysed using an Atomic Absorption 

Spectrophotometer (AAS) 240FS Model Agilent (USA), and measured 

at Labkesmas Makassar I, part of the Indonesian Ministry of Health 14. 

 

Iron Content 

The iron content was analysed using an Atomic Absorption 

Spectrophotometer (AAS) 240FS Model Agilent (USA)  and measured 

at Labkesmas Makassar I, part of the Indonesian Ministry of Health 14. 

 

Beta-Carotene Content 

The β-carotene content was analysed using a UV-Vis 

spectrophotometer (Cary 60 Model, Agilent, USA) and measured at 

Labkesmas Makassar I, Indonesian Ministry of Health 15. 

 

Thiamine Content  

The thiamine content was analysed using a UV-Vis spectrophotometer, 

Cary 60 Model Agilent (USA) at the Poltekkes Makassar, Indonesian 

Ministry of Health15. 

 

Sample Treatment 

The sample was homogenised, and 5 g was accurately weighed using 

an analytical balance. It was placed into a 50 mL Erlenmeyer flask and 

made up to the mark with Aquadest (distilled water). The solution was 

homogenised using a magnetic stirrer for 60 minutes, then filtered 

through filter paper into a 50 mL volumetric flask. The volume was 

brought up to the mark with aquadest and allowed to stand for 1 hour. 

 

Preparation of Thiamine Stock Solution 

About 25 mg of thiamine was weighed and dissolved in a 50 mL 

volumetric flask. Aquadest was added to the mark to obtain a thiamine 

stock solution at 500 ppm. 

 

Determination of Maximum Wavelength 

A 100 ppm thiamine solution was prepared by pipetting 5 mL of the 

stock solution into a 25 mL volumetric flask. Then, 1.5 mL of ammonia 

buffer, 3 mL of 0.05% bromothymol blue, and 1 mL of 1% polyvinyl 

alcohol were added, and the volume was brought up to the mark with 

Aquadest. A further dilution to 30 ppm was prepared by pipetting 3.75 

mL into a 10 mL volumetric flask and filling it to the mark. The 

maximum wavelength (λmax) was measured using a UV-Vis 

spectrophotometer, yielding 616 nm. 

 

Preparation of the Calibration Curve 

A series of standard solutions was prepared from the thiamine stock 

solution with concentrations of 10, 15, 20, 25, and 30 ppm. The 

absorbance of each solution was measured at the thiamine maximum 

wavelength using a UV-Vis spectrophotometer, and subsequently, the 

thiamine calibration curve was constructed. 

 

Determination of Thiamine Content in the Sample 

The thiamine content in the sample was determined by pipetting 5 mL 

of the sample filtrate into a 25 mL volumetric flask. 1.5 mL of ammonia 

buffer, 3 mL of 0.05% bromothymol blue, and 1 mL of 1% polyvinyl 

alcohol were added. The volume was then brought up to the mark with 

Aquadest, and the solution was homogenised. The absorbance was 

measured using a visible spectrophotometer at the thiamine maximum 

absorbance wavelength (616 nm). Finally, the thiamine content in the 

sample was determined using the regression equation from the 

calibration curve. 

 

Determination of Antioxidant Activity of Musa paradisiaca 

pseudostems flour (TBP), Moringa leaf flour (TDK), and Biscuit 

Products 7 

The antioxidant activity of the samples was determined using the DPPH 

(1,1-diphenyl-2-picrylhydrazyl) method. In this assay, a 0.02 g sample 

was dissolved in 20 mL of methanol. The solution was then 

homogenised using a magnetic stirrer for 15 minutes. Subsequently, the 

stock solution was diluted to 500 ppm. The 500 ppm solution was 

further diluted to concentrations of 400 ppm, 300 ppm, 200 ppm, and 

100 ppm. Subsequently, 2 mL of each concentration was pipetted using 

a micropipette and placed into a test tube. 2 mL of DPPH reagent was 

then added, and the mixture was vortexed until homogeneous. The 

solutions were then incubated in a dark room for 30 minutes. After 30 

minutes, the antioxidant activity was determined by measuring 

absorbance at 517 nm using a UV-Vis spectrophotometer (Cary 60, 

Agilent, USA). 

 

Data Analysis 

The data obtained were analysed statistically using ANOVA with post 

hoc Tukey’s on GraphPad Prism 10. 

 

Results and Discussion 

 
Musa paradisiaca pseudostems (TBP) are part of the plant rarely 

consumed by the community in South Sulawesi. However, this plant 

segment contains numerous compounds beneficial to health. The same 

applies to the Moringa (kelor) plant. Moringa leaves contain bioactive 

compounds with significant antioxidant properties, making them highly 

valuable for health. Nevertheless, in South Sulawesi, Moringa is 

predominantly used as a vegetable, limiting consumption of its leaves 

among the local population, particularly children. The results of this 

study showed the contents of  TBP , Moringa leaf flour (TDK), and the 

fortified biscuit formulas (Table 2). Additionally, the results of the 

qualitative analysis of lead (Pb) contamination and microbial load in 

Musa paradisiaca pseudostem flour (TBP) and Moringa leaf flour 

(TDK), as well as in the fortified biscuit formulas, are presented in 

Table 3. The results of the antioxidant activity testing of Musa 

paradisiaca pseudostems flour (TBP), Moringa leaf flour (TDK), and 

the fortified biscuit formulas are presented in Figure 2. The data from 

this study show that Musa paradisiaca pseudostem flour (TBP) 

contains the highest amount of carbohydrates and crude fibre among the 

biscuit formulas, followed by Moringa leaf flour (TDK) and the other 

biscuit formulas. Cellulose and hemicellulose are fibrous constituents 

found in banana stems and other plants. The cellulose content in Musa 

paradisiaca pseudostems is approximately 74.37% 16. Conversely, 

Moringa leaf flour (TDK) contains higher amounts of protein, calcium, 

phosphorus, and β-carotene than Musa paradisiaca pseudostem flour 

(TBP), F0, F1, F2, and F3. The nutritional values of the individual flours 

are expected to be mutually complementary when combined to form 

biscuits. However, it is undeniable that the heating during baking can 

affect the concentration of each nutrient. Crude fibre contains 50–80% 

of total cellulose, 10–15% of lignin, and only 20% of hemicellulose 17. 

Crude fibre is a type of insoluble fibre with vital functions in the human 

diet due to its capacity to support digestive health and prevent various 

chronic diseases. Crude fibre, primarily composed of lignin and 

cellulose, is indigestible by human enzymes and thus reaches the large 

intestine intact. In the colon, this fibre helps increase faecal bulk, 

facilitates bowel movements, and contributes to a healthy gut 

microbiota 18. According to the WHO, the recommended daily fibre 

intake for adults is > 25 g/day.  
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Table 2: Mean Content of Compounds in Musa paradisiaca Pseudostem Flour (TBP), Moringa Leaf Flour (TDK), and Fortified Biscuit Formulas 
 

 

 

Dietary fibre is known to reduce the risk of several chronic conditions, such as obesity, 

hypertension, diabetes, cardiovascular diseases, and cancer. However, fibre consumption remains 

relatively low in both high- and middle-income countries 19. Fibre is a vital component of the 

human diet for both children and adults to maintain health. It serves as an energy source for gut 

microorganisms. The fermentation of fibre by gut microorganisms produces various compounds 

that are beneficial for both short- and long-term health and can boost the immune system and help 

prevent allergic, inflammatory, and digestive disorders. It has been shown to reduce the risk of 

obesity, diabetes, hypertension, and coronary heart disease. Fibre deficiency can lead to several 

disorders, including constipation, irritable bowel syndrome, and immune-related disorders 17,20,21. 

In the fortified biscuit products, the amount of crude fibre contained in formulas F0, F1, F2, and 

F3 is much lower than the crude fibre content found in the raw Musa paradisiaca pseudostem 

(TBP) and Moringa leaf flours (TDK). This may be due to the limited incorporation of Musa 

paradisiaca pseudostem flour (TBP) and Moringa leaf flours (TDK), which range from 5% to 

10% in the biscuit formulas, and the heating process could also decrease dietary fibre content as 

the moisture content decreases 22. A closer look using Tukey’s Test in Figure 1d reveals that only 

the comparison between F1 and F3 shows a non-significant (ns) difference (p> 0.05). In contrast, 

the differences among the other treatments are significant (p ≤ 0.01). The data showed that 

Moringa leaf flour (TDK) exhibited the highest calcium content compared to Musa paradisiaca 

pseudostem flour (TBP) and all fortified biscuit formulas (F0, F1, F2, and F3). Among the fortified 

biscuit formulas, F2 had the highest levels of calcium, iron, and phosphorus, followed by biscuits 

F1, F3,  

 

 

and F0. Tukey’s Test (Figures 1g and 1i) showed that the differences in calcium and iron content 

between treatments were highly significant (p ≤ 0.01). In Figure 1h, the phosphorus content across 

all treatments also appeared highly significant, with a p-value ≤ 0.01, except for the comparison 

between the phosphorus content of Musa paradisiaca pseudostem flour (TBP) and F2, and the 

comparison between F0 and F3, with a p-value > 0.05 (Figure 1h). Calcium and phosphorus are 

crucial for bone formation, especially in children, while iron is necessary for red blood cells to 

deliver oxygen optimally throughout the body. Children born to iron-deficient mothers also exhibit 

natural impairments in learning and memory that can persist into adulthood 23,24. Iron (Fe) is 

primarily absorbed in the duodenum and the upper jejunum. Iron in food exists in two forms: heme 

iron (HI) and non-heme iron (NHI). Both HI and NHI likely form a highly dynamic pool of 

cytosolic iron after absorption 25. Calcium, on the other hand, is the most abundant mineral in the 

human body, followed by phosphorus. Insufficient calcium intake can lead to high blood pressure, 

whereas excessive calcium intake may reduce iron absorption. Phosphorus, in addition to its role 

in bone formation, also assists in digestion and the elimination of metabolic waste 26. Results of 

this study (Table 3) show that Moringa leaf flours have lead (Pb) content exceeding the allowable 

limit of 0.5 mg/kg 27. Lead can enter the human body through food and drink, inhalation of Pb-

contaminated air, and through skin and eye contact. Lead (Pb) in food can originate from raw 

materials and other auxiliary ingredients, during processing, and during storage 28. Heavy metals 

can also enter the environment through natural processes (such as rock weathering and soil 

erosion) and human activities (such as mining, indiscriminate disposal of industrial waste, 

uncontrolled use of pesticides, and others) 29.  

 

Sample Carbohydrate 

(%) 

Protein 

(%) 

Fat 

(%) 

Crude fiber 

(%) 

Moisture 

content 

(%) 

Ash content 

(%) 

Calcium 

(µg/g) 

Phosphorus 

(%) 

Iron 

(µg/g) 

β-carotene 

(µg/g) 

Thiamine 

(mg/g) 

Musa 

paradisiaca 

Pseudostems 

Flour (TBP) 

89.07 ± 0.007 0.85 ± 0.007 

 

0.42 ± 0.007 

 

9.93 ± 0.007 

 

0.103 ± 0.031 

 

9.75 ± 0.007 

 

5966.45 ± 4.738 

 

0.355 ± 0.007 

 

0.0633 26.29 ± 0.707 

 

79.14 ± 1.233 

 

Moringa Leaf 

Flour (TDK) 

63.46 ± 0.007 22.58 ± 0.007 

 

2.24 ± 0.007 

 

2.96 ± 0.007 

 

0.008 ± 0.004 

 

11.735 ± 0.007 

 

15417.2 ± 11.172 

 

0.625 ± 0.007 

 

0.0452 3171.82 ± 0.707 

 

83.66 ± 0 

 

F0 73.85 ± 0.007 8.52 ± 0.007 

 

15.99 ± 0.007 

 

0.39 ± 0.007 

 

0.067 ± 0.003 

 

1.325 ± 0.007 

 

119.5 ± 22.769 

 

0.205 ± 0.007 

 

0.0682 32.59 ± 0.707 

 

81.86 ± 1.801 

 

F1 75.61 ± 0.007 8.15 ± 0.007 

 

14.23 ± 0.007 

 

0.44 ± 0.007 

 

0.059 ± 0.001 

 

2.065 ± 0.007 

 

1608.35 ± 2.051 

 

0.265 ± 0.007 

 

0.0641 1221.54 ± 0.707 

 

83.63 ± 0.009 

 

F2 70.91 ± 0.007 7.99 ± 0.007 

 

18.55 ± 0.007 

 

0.78 ± 0.007 

 

0.073 ± 0.003 

 

2.59 ± 0.007 

 

1854 ± 2.263 

 

0.375 ± 0.007 

 

0.0716 1431.86 ± 0.707 

 

83.66 ± 0 

 

F3 71.60 ± 0.007 7.52 ± 0.007 

 

16.99 ± 0.007 

 

0.46 ± 0.007 

 

0.067 ± 0.003 

 

2.12 ± 0.007 

 

1136.2 ± 0.226 

 

0.225 ± 0.007 

 

0.0691 2567.96 ± 0.707 

 

83.65 ± 0.009 
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The metal content in plants depends on the type of metal, the soil’s 

chemical elements, soil pH, and the granularity (texture) of the soil in 

which they grow. Subsequently, these metals will accumulate in the 

plant’s roots and leaves 30. Lead (Pb) is actively absorbed and can 

passively diffuse across the intestinal wall. Following absorption, lead 

is distributed to the body’s organs. Lead in the bloodstream can reduce 

haemoglobin levels. Heme is synthesised from coenzyme A (CoA) and 

glycine with pyridoxal as a cofactor, subsequently combining with iron 

to form haemoglobin. ALAD (Aminolevulinic acid dehydratase) and 

heme synthase are enzymes highly susceptible to lead during heme 

formation. The active groups of the ALAD enzyme will bind to the 

synthesised lead metal present in the body, halting the hemoglobin 

formation reaction and shortening the lifespan of red blood cells 31. Lead 

can cause damage to human organs, particularly the nervous, 

cardiovascular, reproductive, and hematopoietic (blood-forming) 

systems 32,33. Malnutrition exacerbates the rise in blood lead levels. A 

low-calcium diet will increase lead levels in soft tissues and cause toxic 

effects on the hematopoietic system. Deficiencies in calcium and 

phosphorus will also increase intestinal lead absorption. Iron 

deficiency, low-protein diets, and high-fat diets are also known to 

enhance lead uptake. In bone, lead is found in the form of Pb-phosphate 

(Pb3(PO4)2), and as long as lead remains bound within the bone, it does 

not cause pain symptoms in the affected individual. However, the 

danger arises from lead toxicity caused by impaired calcium absorption, 

which desorbs calcium from bone and releases lead deposits. A diet low 

in phosphate will similarly trigger the release of lead from the bone into 

the bloodstream 34. Lead exposure can cause a decline in the quality of 

male semen fluid. If the concentration of lead in the blood exceeds 20 

μg/dL, it can increase the risk of anaemia and reduce haemoglobin 

levels 35,36. Unintentionally consumption of lead by children can 

negatively affect their nutritional status, consequently impacting their 

growth and development 35. 

 

Table 3: Content of Lead Contamination (Pb) and Total Plate 

Count (TPC) in Musa paradisiaca Pseudopseudostem Flour 

(TBP), Moringa Leaf Flour (TDK), and Fortified Biscuit 

Formulas 

Sample  Lead (Pb)  

(mg/kg) 

Total Plate Count 

(TPC)  

(colony/g) 

Musa paradisiaca  

Pseudostems Flour (TBP) 

2.844 x 10-7 2.1 x 104 

Moringa Leaf Flour (TDK) 7.853 x 10-7 5.5 x 104 

F0 < 1x 10-8 2.2 x 103 

F1 < 1x 10-8 3.8 x 103 

F2 < 1x 10-8 8.5 x 102 

F3 < 1x 10-8 4.6 x 103 

References 54,63 Max. 0.2 

mg/kg 

Max. 1 x 104 

colony/g 

 

This study also included the analysis of three macronutrients—

carbohydrate, protein, and fat—contained in Musa paradisiaca 

pseudostem flour (TBP), Moringa leaf flour (TDK), and the fortified 

biscuit formulas (F0, F1, F2, and F3). The carbohydrate content is 

measured using the by-difference method, which involves subtracting 

the total percentages of other components (protein, fat, moisture, and 

ash) from 100%. The required portions of carbohydrate, protein, and fat 

must be considered for maintaining health, especially in the prevention 

of obesity-related diseases and other degenerative diseases, such as 

cardiovascular disease and hypertension36,37. Daily carbohydrate intake 

of < 10% or 20 – 50 g is considered very low-carbohydrate, < 26% or 

<130 g is considered low-carbohydrate,  26 – 44% is considered 

moderate-carbohydrate, and ≥ 45% is considered high-carbohydrate 

intake 36. The carbohydrate content in Musa paradisiaca pseudostem 

flour (TBP) is higher than in Moringa leaf flour (TDK). Musa 

paradisiaca pseudostem contains high levels of starch and cellulose, 

estimated at around 93.36  ±  0.74% 38, 39. Hydrolysis under acidic 

conditions converts cellulose into D-glucose. The carbohydrate content 

in Musa paradisiaca pseudostem flour (TBP) relative to Moringa leaf 

flour (TDK) and the fortified biscuit formulas (F0, F1, F2, and F3) was 

highly significant based on the Tukey’s Test shown in Figure 1a, with 

a p-value ≤ 0.01. Similarly, the carbohydrate content in Moringa leaf 

flour (TDK) relative to the fortified biscuit formulas was highly 

significant. Among the fortified biscuit formulas, F0 showed a 

significant difference in carbohydrate content compared to F2 (p-value 

≤ 0.05), while the difference between F0 versus F1 and F3 was non-

significant (ns) (p-value > 0.05). The carbohydrate content of F1 

differed significantly from that of F2 and F3. The F1 formula had the 

highest carbohydrate content compared to F2, F3, and F0. The lowest 

carbohydrate content among the fortified biscuit formulas was found in 

F2. Another macronutrient found in Musa paradisiaca pseudostem 

flour (TBP) is protein. Protein is composed of amino acids (C, H, O, 

N)40. In this study, the Kjeldahl method was used to measure protein 

content, with protein levels quantified from total nitrogen in the tested 

food. Nitrogen is the primary element in protein composition, 

accounting for approximately 16% of the total protein 41. Moringa leaf 

flour (TDK) showed the highest protein content in Table 2 compared to 

Musa paradisiaca pseudostem flour (TBP) and the biscuit formulas F0, 

F1, F2, and F3. The protein content across all treatments showed a 

highly significant difference (p ≤ 0.01; Figure 1b). This aligns with 

previous research indicating that Moringa leaves contain about 21–33% 

protein 42.  Previous studies have established that Moringa leaves are a 

source of protein, essential amino acids, vitamins, and minerals, and 

possess antioxidant activity due to the presence of flavonoids and other 

phenolic compounds 43,44,45. Moringa leaf extract has also demonstrated 

antidiabetic activity in human trials by increasing catalase (CAT) and 

malondialdehyde (MDA) levels, reducing fasting plasma glucose, 

haemoglobin, low-density lipoprotein cholesterol, and very-low-

density lipoprotein cholesterol, and increasing insulin levels in healthy 

individuals 46. Furthermore, it possesses therapeutic properties related 

to immune system function, which requires adequate intake of energy, 

protein, and micronutrients such as iron, copper, and vitamins that 

facilitate intercellular communication during an immune response 45. In 

this study, the fat content of Moringa leaf flour (TDK) was higher than 

that of Musa paradisiaca pseudostem flour (TBP). As shown in Figure 

1c, Tukey's Test revealed that fat content differed significantly across 

all treatments (p-values ≤ 0.01). The F2 fortified biscuit formula had a 

higher fat content than its raw ingredients (Musa paradisiaca 

pseudostem flour (TBP) and Moringa leaf flour (TDK)). This finding 

may be attributed to the inclusion of margarine in the biscuit 

formulation. Margarine is a semi-solid fat product that contains not less 

than 80% fat 47. Fat is fundamentally essential for the body and plays a 

role in children’s growth and development. Fat functions as an energy 

source, facilitates the absorption of fat-soluble vitamins (A, D, E, K), 

and is crucial for hormone and brain development 48,49. The moisture 

content analysis in this study aimed to determine the percentage of 

water present in Musa paradisiaca pseudostem flour (TBP), Moringa 

leaf flour (TDK), and the fortified biscuit formulas (F0, F1, F2, and F3). 

The presence of water in a material can affect its shelf life and microbial 

contamination 22, 50. During the processing of raw materials such as 

Musa paradisiaca pseudostem flour (TBP) and Moringa leaf flour 

(TDK), the drying process reduces moisture content, resulting in a 

lower mass. This reduction inhibits the rate of chemical reactions and 

microbial growth, thereby increasing the material’s shelf life. Similarly, 

the baking process for the fortified biscuit products F0, F1, F2, and F3 

can reduce their moisture content. Moisture content in food products 

can affect their appearance, texture, and taste 22, 50. In Table 2, all 

samples, namely Musa paradisiaca pseudostem flour (TBP), Moringa 

leaf flour (TDK), and the fortified biscuit formulas (F0, F1, F2, and F3), 

had a moisture content below the maximum limit of 5% required by the 

SNI (Indonesian National Standard) 51. The Tukey’s Test in Figure 1e 

showed a significant difference in moisture content between Musa 

paradisiaca pseudostem flour (TBP) and F1 (p-value ≤ 0.01). The ash 

content analysis aims to detect the presence of inorganic mineral residue 

in a sample, whether it is a raw material or a processed product. Ash is 

the inorganic mineral residue left after organic matter has undergone 

complete combustion. Food products may contain a maximum ash 

content of 12%, while fresh materials may contain a maximum of 5%.  
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Figure 1: Tukey’s Test Chart for Compound Content in Musa 

paradisiaca pseudostem flour (TBP), Moringa leaf flour 

(TDK), and Fortified Biscuit Formulas (F0, F1, F2, F3). 

Information: a = carbohydrate; b = protein; c = fat; d = crude 

fibre; e = moisture content; f = ash content; g = calcium; h = 

phosphorus; i = iron; j = β-carotene; k = thiamine; ns = non-

significant with p-value > 0.05; * = significant with P-value ≤ 

0.05; **, ***, **** = very significant with P-value ≤ 0.01. 

 
 

The minerals frequently found in ash include calcium, potassium, iron, 

zinc, and other metals 52. In Table 2, Musa paradisiaca pseudostem 

flour (TBP) and Moringa leaf flour (TDK) showed relatively higher ash 

content than the fortified biscuit formulas (F0, F1, F2, and F3). Tukey's 

Test for ash content, as shown in Figure 1f, indicated that all treatments 

differed significantly from one another, except for the comparison 

between F1 and F3, which was not significant (p> 0.05).  In addition to 

heavy metal testing, microbial testing is essential for assessing the 

quality of raw materials and final products. The Total Plate Count 

(TPC) indicates the number of growing microorganisms in a sample. 

This aims to establish the product’s hygiene and quality. If microbial 

contamination occurs in a product, especially food, it can lead to food 

poisoning and potentially cause illnesses such as diarrhoea. 

Microorganisms can contaminate food materials during processing, 

through equipment used in production, and from the air. The presence 

of pathogenic organisms can lead to changes in product quality 12,53. 

Both Musa paradisiaca pseudostem flour (TBP) and Moringa leaf flour 

(TDK) have a Total Plate Count (TPC) that exceeds the maximum 

permitted limit of 1 x 104 colony/g 54. Conversely, the fortified biscuit 

formulas (F0, F1, F2, and F3) have values below the allowable limit. 

The microbial growth in biscuit products F0, F1, F2, and F3 is likely 

inhibited due to the biscuit manufacturing process, specifically the high-

temperature heating (baking) at 120 oC. This heating process also 

reduces the moisture content of the products, thereby making it difficult 

for microbial cells to proliferate 55.                        

 In the antioxidant activity test, Musa paradisiaca pseudostem flour 

(TBP) showed lower antioxidant activity than Moringa leaf flour 

(TDK). This may be due to the lower concentration of antioxidant 

compounds in the Musa paradisiaca pseudostem compared to those in 

the Moringa leaf. The antioxidant activity of Moringa leaf flour showed 

an IC50 of 622.10 ± 58.41 ppm. This result aligns with previous studies 

reporting that the methanol extract of Moringa leaves had a IC50 of 

approximately 720 ppm in the DPPH assay 43. The antioxidant activity 

of the fortified biscuits (F0, F1, F2, and F3) was also considered very 

low, with IC50 values > 200 ppm (Figure 2) 56. The biscuits’ antioxidant 

activity was reduced, likely due to the high-temperature baking process, 

which may have degraded antioxidant compounds. This finding aligns 

with previous research showing that prolonged high-temperature 

heating leads to the decomposition of antioxidant compounds, thereby 

diminishing their antioxidant capacity.  

 

 
Figure 2: Antioxidant Activity of Musa paradisiaca 

Pseudostems Flour (TBP), Moringa Leaf Flour (TDK), and 

Fortified Biscuit Formulas 
 

In this study, Moringa leaf flour (TDK) showed higher levels of beta-

carotene and thiamine than Musa paradisiaca pseudostem flour (TBP). 

β-carotene and thiamine possess natural antioxidant activity. Thiamine 

functions as a coenzyme in carbohydrate, protein, and fat metabolism 

and also acts as a ROS (Reactive Oxygen Species) scavenger that can 

eliminate hydroxyl radicals (HO•) more effectively than hydroperoxyl 

radicals (HOO•) 57,58,59 . β-carotene functions in maintaining plasma 

membrane integrity, cell differentiation, embryonic development, and 

immune and gastrointestinal function 60. Furthermore, β-carotene is 

essential as an antioxidant against peroxides in cells and tissues 61. Beta-

carotene can terminate free radical reaction chains and inhibit lipid 

peroxidation in liposomes 62. In Tukey's Test for thiamine content, 

Musa paradisiaca pseudostem flour (TBP) showed a highly significant 

difference from all other treatments (TDK, F0, F1, F2, and F3), with p-

values ≤ 0.01 (Figure 1k). Table 2 shows that Moringa leaf flour (TDK) 

and the F2 fortified biscuit formula have high thiamine levels. The 

Tukey’s Test for β-carotene content showed that all samples (TBP, 

TDK, F0, F1, F2, and F3) had a highly significant difference from one 

another (Figure 1j), with a p-value ≤ 0.01. In Table 2, the highest β-

carotene content was found in Moringa leaf flour (TDK), and the lowest 

was in Musa paradisiaca stem flour (TBP). 

 

Conclusion 
Musa paradisiaca pseudostem and Moringa leaves contain crude fibre, 

macronutrients (carbohydrate, protein, and fat), and micronutrients 

(calcium, phosphorus, iron, β-carotene, and thiamine) that can be used 

for the fortification of nutritious biscuits and as a source of natural 
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antioxidants. The fortified biscuit formulations F1, F2, and F3 were free 

of microbial and heavy metal contamination, including lead (Pb), and 

met the required quality standards for biscuit products. 

 

Conflict of Interest 
The authors declare no conflict of interest.  

Authors’ Declaration 
The authors hereby declare that the work presented in this article is 

original and that they will bear any liability for claims relating to the 

content of this article. 

 

Acknowledgements 
The author expresses profound gratitude to the Ministry of Higher 

Education, Science, and Technology of the Republic of Indonesia and 

the Yamasi Academy of Pharmacy in Makassar for their financial 

support and trust. The author also extends sincere thanks to the research 

team, Labkesmas Makassar I (Makassar Public Health Laboratory I) of 

the Ministry of Health of the Republic of Indonesia, Politeknik 

Kesehatan Makassar (Makassar Health Polytechnic), and the 

Department of Biology, Hasanuddin University, for their invaluable 

assistance in the timely completion of this research. This work was 

supported by the DRTPM, Ministry of Education, Culture, Research, 

Technology, and Higher Education, Indonesia, through the PDP schema 

2025 program (Contract No. 582/LL9/PG/2025 and 

I.2.1.002.007/VI/2025). 

References 

1. Dhipa S, Aldi Y, Husni E. Sub-Acute Toxicity of Banana (Musa 

Paradisiaca L.) Heart Extract on Haematological Parameters in 

Mice. Trop J Nat Prod Res. 2024;8(9):8332-8335. 
doi:10.26538/tjnpr/v8i9.13 

2. Hasim H, Tunnisa F, Faridah DN, Saraswati S, Slameut F. 
Antioxidant, Lipase Inhibitory Potential, and UHPLC Profile of 

Different Fractions of Moringa oleifera Leaves. Trop J Nat Prod 

Res. 2025;9(1):31-36. doi:10.26538/tjnpr/v9i1.5 
3. Apridamayanti P, Kurniawan H, Nugraha F, Fajriaty I, Nurbaeti 

SN, Pratiwi L. Characterization and Antioxidant Activity of 

Banana Peels, Pineapple Peels, and Combination Extracts of both 
Peels as Raw Materials in the Development of Hard Candy. Maj 

Obat Tradis. 2022;27(3):231-239. doi:10.22146/mot.77474 

4. Febriani W, Komala R, Yunianto AE, Fadly D. Proximate 
Analysis of Fresh Banana Blossoms and Banana Blossoms Flours 

in Two Cultivars of Musa paradisiaca (Musa acuminata) and 

Janten Banana (Musa paradisiaca Sapientum). Int J Chem 
Biochem Sci. 2024;25(19):203-208. doi:10.62877/22-ijcbs-24-

25-19-22 

5. Bhattacharyya P, Das M, Saikia A, Dash KK, Beniwal A. Effect 
of Drying of Pseudostem From Banana Variety, Musa balbisiana 

Colla on Its Nutritional Composition. Agric Assoc Text Chem Crit 

Rev. 2024;12(3):357-362. 
doi:10.21276/aatccreview.2024.12.03.357 

6. Libog L, Biyeme F, Betené ADO, Biwolé AB, Ndiwe B, Mbang 

JPE, Claude T, Mbey JA, Meva’a JRL. Influence of the Extraction 

Location on the Physical and Mechanical Properties of the 

Pseudo-Trunk Banana Fibers. J Nat Fibers. 2023;20(2):1-16. 

doi:10.1080/15440478.2023.2204451 
7. Wibowo SA, Surono IS. Phenolic content and antioxidant activity 

of formulated biscuits with banana, tempeh and moringa flours. 

Brazilian J Food Technol. 2024;27:1-9. doi:10.1590/1981-
6723.06823 

8. Peñalver R, Martínez‐zamora L, Lorenzo JM, Ros G, Nieto G. 

Nutritional and Antioxidant Properties of Moringa oleifera 
Leaves in Functional Foods. Foods. 2022;11(8):1-13. 

doi:10.3390/foods11081107 

9. Auwal Balarabe M. Nutritional Analysis of Cooked and Dried 
Leaves of Moringa oleifera. Plant. 2019;7(4):71. 

doi:10.11648/j.plant.20190704.13 

10. Ade FY, Supratman U, Sianipar NF, Gunadi JW, Radhiyanti PT, 
Lesmana R. A Review of the Phytochemical, Usability 

Component, and Molecular Mechanisms of Moringa oleifera. 

Trop J Nat Prod Res. 2022;6(12):1906-1913. 

doi:10.26538/tjnpr/v6i12.1 
11. Purba NM, Bangun AD, Chairuddin. Comparative Study of Lead 

(Pb) Levels On The Goats Liver At Industrial And Non-Industrial 

Areas Using Atomic Absorption Spectrophotometry Method. J 
Chem Nat Resour. 2022;04(02):132-136. 

doi:10.32734/jcnar.v4i2.11970 

12. Syakri S, Indah, Tahir KA, Dewi A, Hasma, Usman Y, Muin R, 
Sakka L. Microorganism Test on Biscuits Combined With Red 

Algae Extract (Eucheuma denticulatum) and Tempeh (Glycine 

max). Pakistan J Biol Sci. 2023;26(8):442-452. 
doi:10.3923/PJBS.2023.442.452 

13. Mufidah L, Stj RCM, Oktaviani N, Nisa NRT, Suprana YA. 

Nutritional Content of Analog Rice From Sago With Mung Bean 
Protein As A Substitute For Paddy Rice. Inf Media. 

2025;21(02):71-80. doi:10.37160/mijournal.v21i02.855  

14. Horwitz W, Latimer GW. Official Methods Of Analysis Of 
AOAC International. 18th Edition. (Horwitz W, ed.). AOAC 

International; 2006. 

15. Putri A, Yetti RD, Rusdi. Analysis of β-carotene Content in Plants 
using Some Methods : A Review of Current Research. Int J Pharm 

Res Appl. 2021;6(1):480-489. doi:10.35629/7781-0601480489 

16. Iliyin I, Purwaningsih H, Irawadi TT. Isolation and 
Characterisation of Cellulose from Banana Stems using 

Microwave Heating. J Kim Val. 2020;6(2):169-176. 

doi:10.15408/jkv.v6i2.15962 
17. Dobos Á, Bársony P, Posta J, Babinszky L. Effect of feeds with 

different crude fiber content on the performance of meat goose. 

Acta Agrar Debreceniensis. 2019;(2):5-8. 
doi:10.34101/actaagrar/2/3670 

18. Fu J, Zheng Y, Gao Y, Xu W. Dietary Fiber Intake and Gut 

Microbiota in Human Health. Microorganisms. 2022;10(12):1-18. 
doi:10.3390/microorganisms10122507 

19. Yao F, Ma J, Cui Y, Huang C, Lu R, Hu F, Zhu X, Qin P. Dietary 

intake of total vegetable, fruit, cereal, soluble and insoluble fiber 
and risk of all-cause, cardiovascular, and cancer mortality: 

systematic review and dose–response meta-analysis of 

prospective cohort studies. Front Nutr. 2023;10. 
doi:10.3389/fnut.2023.1153165 

20. Hojsak I, Benninga MA, Hauser B, Kansu A, Kelly VB, Stephen 

AM, Lopez AM, Slavin J, Tuohy K. Benefits of dietary fibre for 
children in health and disease. Arch Dis Child. 2022;107(11):973-

979. doi:10.1136/archdischild-2021-323571 

21. Kamarudin MS, Sulaiman MA, Ismail MFS. Effects of dietary 
crude fiber level on growth performance, body composition, liver 

glycogen and intestinal short-chain fatty acids of a tropical carp 
(Barbonymus gonionotus ♀ X Hypsibarbus wetmorei male ♂. J 

Environ Biol. 2018;39(5):813-820. doi:10.22438/jeb/39/5(SI)/29 

22. Siregar NS, Julianti E, Silalahi J. The Effect of Roasting 
Temperature on Proximate and Dietary Fiber of Food Bar Salak 

(Sidimpuan cultivar) Fruit. E3S Web Conf. 2021;332(030001):1-

5. doi:10.1051/e3sconf/202133203001 
23. Rahman S, Wallberg L, Rahman A, Ekström EC, Kippler M, 

Hamadani JD, Rahman SM. Association between maternal 

haemoglobin status during pregnancy and children’s mental and 
psychomotor development at 18 months of age: Evidence from 

rural Bangladesh. Glob Health Action. 2024;17(1):1-10. 

doi:10.1080/16549716.2024.2390269 
24. Noshiro K, Umazume T, Hattori R, Kataoka S, Yamada T, Watari 

H. Hemoglobin Concentration during Early Pregnancy as an 

Accurate Predictor of Anemia during Late Pregnancy. Nutrients. 
2022;14(4):4-11. doi:10.3390/nu14040839 

25. Qiu L, Frazer DM, Hu M, Song R, Liu X, Qin X, Ma J, Zhou J, 

Tan Z, Ren F, Collins JF, Wang X. Mechanism and regulation of 
iron absorption throughout the life cycle: Mechanism and 

regulation of iron absorption. J Adv Res. 2025;77:107-118. 

doi:10.1016/j.jare.2025.01.002 
26. Salcedo-Betancourt JD, Moe OW. The Effects of Acid on 

Calcium and Phosphate Metabolism. Int J Mol Sci. 2024;25(4). 

doi:10.3390/ijms25042081 
27. Ustiatik R, Pertiwi BLS, Nugroho RMYAP, Albarki GK, Azizah 

SN, Ariska AP, Nuraini Y, Kurniawan S. Farmers’ Bussiness as 

Usual Increase Lead (Pb) Level in the Soil: a Case Study 
Horticulture Land in Batu, Indonesia. J Penelit Pendidik IPA. 



                               Trop J Nat Prod Res, January 2026; 10(1): 6691 - 6698                 ISSN 2616-0684 (Print) 

                                                                                                                                                 ISSN 2616-0692 (Electronic)  
 

 

6698 

 © 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

2024;10(1):219-228. doi:10.29303/jppipa.v10i1.4719 

28. Petcu CD, Ciobotaru-Pîrvu E, Tăpăloagă D, Georgescu IM, 
Zvorișteanu OV, Negreanu CN, Oprea OD, Mureșan C. A Study 

Concerning the Lead Contamination of some Food Products 

Marketed in Romania During 2017-2019. Bull Univ Agric Sci Vet 
Med Cluj-Napoca Food Sci Technol. 2021;78(1):68-76. 

doi:10.15835/buasvmcn-fst:2020.0057 

29. Oluyori AP, Inyinbor AA, Aremu CO, Osemwegie OO, 
Oluwafemi A, Ogunnupebi TA. Diseases Induced by Heavy Metal 

Exposure and their Ameliorative Phytochemicals: A Review. 

Trop J Nat Prod Res. 2020;4(9):479-489. 
doi:10.26538/tjnpr/v4i9.1 

30. Štofejová L, Fazekaš J, Fazekašová D. Analysis of Heavy Metal 

Content in Soil and Plants in the Dumping Ground of Magnesite 
Mining Factory Jelšava-Lubeník (Slovakia). Sustain. 

2021;13(8):1-13. doi:10.3390/su13084508 

31. Mayaserli DP, Rosita B, Oktafilinda R. Relationship of lead (Pb) 
levels in blood with erythrocyte cell morphology in active 

smokers in Lubuk Buaya Padang City. J Res Educ Chem. 

2023;5(2):95-104. doi:10.25299/jrec.2023.vol5(2).14919 
32. Undaryati YM, Sudjarwo SA, I’thisom R. Literature Review: 

Effect Of Lead Toxicity On Reproductive System. J Glob Res 

Public Heal. 2020;2880:1-8. doi:10.30994/jgrph.v5i1.202 
33. World Health Organization (WHO). Code Of Practice For The 

Prevention And Reduction Of Lead Contamination In Foods 

(CXC 56-2004); 2021. doi:10.4060/cc0579en 
34. Ciosek Ż, Kot K, Kosik-Bogacka D, Łanocha-Arendarczyk N, 

Rotter I. The effects of calcium, magnesium, phosphorus, 

fluoride, and lead on bone tissue. Biomolecules. 2021;11(4):506. 
doi:10.3390/biom11040506 

35. Morales J, Yovera-Sandoval EM, Basilio-Rojas MR. Nutritional 

Status, Anemia, and Eating Behavior among Children with 
Elevated Blood Lead Levels in a Primary Health Care of Peru. 

Open Public Health J. 2023;16(1):1-8. doi:10.2174/18749445-

v16-230403-2022-197 
36. Al-Reshed F, Sindhu S, Al Madhoun A, Bahman F, AlSaeed H, 

Akhter N, Malik MZ, AlZaid F, Al-Mulla F, Ahmad R. Low 

carbohydrate intake correlates with trends of insulin resistance 
and metabolic acidosis in healthy lean individuals. Front Public 

Health. 2023;11. doi:10.3389/fpubh.2023.1115333 

37. Tu Z, Yang J, Fan C. The role of different nutrients in the 
prevention and treatment of cardiovascular diseases. Front 

Immunol. 2024;15:1-15. doi:10.3389/fimmu.2024.1393378 

38. Merais MS, Khairuddin N, Salehudin MH, Mobin Siddique MB, 
Lepun P, Chuong WS. Preparation and Characterisation of 

Cellulose Nanofibers from Banana Pseudostem by Acid 
Hydrolysis: Physico-Chemical and Thermal Properties. 

Membranes (Basel). 2022;12(5): 451. 

doi:10.3390/membranes12050451 
39. Shimizu FL, Monteiro PQ, Ghiraldi PHC, Melati RB, Pagnocca 

FC, de Souza W, Anna CS, Brienzo M. Acid, alkali and peroxide 

pretreatments increase the cellulose accessibility and glucose 
yield of banana pseudostem. Ind Crops Prod. 2018;115:62-68. 

doi:10.1016/j.indcrop.2018.02.024 

40. Loveday SM. Protein digestion and absorption: the influence of 
food processing. Nutr Res Rev. 2023;36(2):544-559. 

doi:10.1017/S0954422422000245 

41. Jamal S, Jamil D, Khidhir Z. Protein Determination in some 
Animal Products from Sulaymaniyah Markets Using the Kjeldahl 

Procedure. J Food Dairy Sci. 2020;11(12):343-346. 

doi:10.21608/jfds.2020.160394 
42. Grosshagauer S, Pirkwieser P, Kraemer K, Somoza V. The Future 

of Moringa Foods: A Food Chemistry Perspective. Front Nutr. 

2021;8:1-9. doi:10.3389/fnut.2021.751076 
43. Phuong PB, Thanh NT. Antioxidant and α-amylase/α-glucosidase 

Inhibitory Activities of Leaf, Bark, and Seed Extracts of Moringa 

oleifera Grown in Buon Ma Thuot, Vietnam. Trop J Nat Prod Res. 
2025;9(8):3581-3588. doi:10.26538/tjnpr/v9i8.18 

44. Patel YN. Moringa oleifera as a multifunctional excipient: 

Transforming pharmaceutical drug delivery. World J Biol Pharm 
Heal Sci. 2024;20(2):445-451. 

doi:10.30574/wjbphs.2024.20.2.0855 

45. Rana KP, Mangroliya P, Das B, Mugale A. Pharmacological and 
Nutritional Value of Moringa Oleifera: A Comprehensive Review 

of Its Role as a Food and Medicine. European J Med Plants. 

2025;36(3):106-117. doi:10.9734/ejmp/2025/v36i31266 
46. Oboh G, Ogunsuyi OB, Oyeleye SI, Adefegha SA. Tropical Fruits 

and Vegetables as Immune Boosters against Coronavirus Disease 

(COVID-19): Call for Cautious Optimism. Trop J Nat Prod Res. 
2021;5(9):1521-1527. doi:10.26538/tjnpr/v5i9.1 

47. Oktaviani R, Paramita V. Production of Margarine from Rice 

Bran Oil and Palm Kernel Oil and Analysis of Physicochemical 
Properties. J Vocat Stud Appl Res. 2024;5(2):52-56. 

doi:10.14710/jvsar.v5i2.19797 

48. Chu Z, Gao J, Ma L, Zhou H, Zhong F, Chen L, Gao T, Ma A. 
Cognitive function and elderly macronutrient intakes from rural 

diets in Qingdao, China. Asia Pac J Clin Nutr. 2022;31(1):118-

127. doi:10.6133/apjcn.202203_31(1).0013 
49. Okai-Mensah P, Brkić D, Hauser J. The importance of lipids for 

neurodevelopment in low and middle-income countries. Front 

Nutr. 2025;12:1-15. doi:10.3389/fnut.2025.1488647 
50. Monteiro CA. Hydration Strategies for Processed Foods : 

Balancing Moisture Content and Nutritional Value. African J 

Food Sci Technol. 2024;15(8):1-2. doi:10.14303//ajfst.2024.099 
51. Prakasa MF, Devi M, Hidayati L, Din N. Analysis of the Effect of 

Adding Avocado Seed Flour on Proximate, Physical, and Hedonic 

Properties of Traditional Semprong Cake. Bull Culin Art Hosp. 
2024;3(2):59-65. doi:10.17977/um069v3i22023p59-65 

52. Pillai MK, Selepe TS, Bwembya GC, Kibechu RW. Analysis of 

Physicochemical Properties of Two Varieties of Sorghum Biscuits 
from The Kingdom of Lesotho. Food Res. 2024;8(6):138-146. 

doi:10.26656/fr.2017.8(6).184 

53. Thanasegaran S, Mahror N. Effects of Different Pasteurisation 
Temperatures and Time on Microbiological Quality, 

Physicochemical Properties, and Vitamin C Content of Red 

Dragon Fruit (Hylocereus costaricensis) Juice. Pertanika J Trop 
Agric Sci. 2025;48(3):815-836. doi:10.47836/pjtas.48.3.09 

54. Haider NN, Altemimi AB, George SS, Baioumy AA, El-Maksoud 

AAA, Pasqualone A, Abedelmaksoud TG. Nutritional Quality and 
Safety Characteristics of Imported Biscuits Marketed in Basrah, 

Iraq. Appl Sci. 2022;12(18):1-19. doi:10.3390/app12189065 

55. World Health Organization (WHO). Code Of Hygienic Practice 
For Low-Moisture Foods (CAC/RCP 75-2015). 2015. 

https://www.fao.org/fao-who-codexalimentarius/codex-

texts/codes-of-practice 
56. Arsianti A. Phytochemical Constituent and Antioxidant Activity 

Evaluation of Red Seaweed Eucheuma sp. Indones J Med Chem 

Bioinforma. 2023;2(1):1-10. doi:10.7454/ijmcb.v2i1.1019 
57. Oliveiraa WS, Santos JCC. Determination of total antioxidant 

capacity using thiamine as a natural fluorescent probe. J Braz 
Chem Soc. 2020;31(12):2479-2490. doi:10.21577/0103-

5053.20200123 

58. Kaźmierczak-Barańska J, Halczuk K, Karwowski BT. Thiamine 
(Vitamin B1)—An Essential Health Regulator. Nutr. 

2025;17(13):1-15. doi:10.3390/nu17132206 

59. Mrowicka M, Mrowicki J, Dragan G, Majsterek I. The importance 
of thiamine (vitamin B1) in humans. Biosci Rep. 2023;43(10):1-

18. doi:10.1042/BSR20230374 

60. Maurya VK, Singh J, Ranjan V, Gothandam KM, Bohn T, Pareek 
S. Factors affecting the fate of β-carotene in the human 

gastrointestinal tract: A narrative review. Int J Vitam Nutr Res. 

2022;92(5-6):385-405. doi:10.1024/0300-9831/a000674 
61. Tufail T, Bader Ul Ain H, Noreen S, Ikram A, Arshad MT, 

Abdullahi MA. Nutritional Benefits of Lycopene and Beta-

Carotene: A Comprehensive Overview. Food Sci Nutr. 
2024;12(11):8715-8741. doi:10.1002/fsn3.4502 

62. Mordi RC, Ademosun OT, Ajanaku CO, Olanrewaju IO, Walton 

JC. Free Radical Mediated Oxidative Degradation of Carotenes 
and Xanthophylls. Molecules. 2020;25(5):1-13. 

doi:10.3390/molecules25051038 

63. Pasqualone A, Haider NN, Summo C, Coldea TE, George SS, 
Altemimi AB. Biscuit Contaminants, Their Sources and 

Mitigation Strategies: A Review. Foods. 2021;10:1-22. 

doi:10.3390/foods10112751 

 

 

 


