Jahangirnagar University J. Biol. Sci. 14(1 & 2): 67-78, 2025 (June & December)

Evaluation of morphology, nutrition, and phytochemicals in bamboo rice
from Bangladesh

Sium Ahmed, Najnin Islam Likhon, Sultan Mahmud Shahin, Habibul Bari Shozib*
and Abdullah Mohammad Shohael”
Cell Genetics and Plant Biotechnology Laboratory, Department of Biotechnology and
Genetic Engineering, Jahangirnagar University, Savar, Dhaka-1342, Bangladesh

Abstract

Bamboo rice, the grains produced from bamboo seeds, is a unique and underexplored food
traditionally consumed by indigenous and economically disadvantaged communities for its
nutritional and medicinal value. The present study evaluated the morphological parameters,
proximate composition, mineral content, and phytochemical profile of bamboo rice grains
collected from the Fulbari Upazila of Dinajpur District. As evident from the investigation,
bamboo rice grains are metallic bronze in color, the average grain length was 6.87 + 0.54 mm
and average weight of the grain was 13.54 + 3.01 mg. Proximate analysis revealed that the
bamboo rice has moisture content of 10.15%, dry matter of 89.9%, crude protein of 10.1%, crude
fiber of 5.65%, ash content of 4.45%, and metabolizable energy of 2943.51 kcal/kg (animal) and
3295 kcal/kg (human). Nutritional profiling revealed a total protein content of 7.81%, amylose
content of 22.10%, essential minerals such as zinc (13.21 ppm), iron (4.36 ppm), calcium (53.12
ppm), and phosphorus (2.44 g/kg). Qualitative phytochemical screening confirmed the
availability of several bioactive phytochemicals including carbohydrates, coumarins, flavonoids,
glycosides, phenols, resins, saponins, tannins, and terpenoids. The findings indicated that
bamboo rice has substantial nutritional and medicinal contents, which supports the claim of its
utility in food and medicine. It also validates bamboo rice’s potential applications in dietary
diversification, food security, and sustainable nutrition in Bangladesh.
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INTRODUCTION

Bamboo (Bambusa bambos) is a unique non-timber forest plant that is known for its
rapid growth and unusual flowering behavior. They are considered as evergreen perennial
flowering plants, but they differ from most plants because they usually flower once after
long vegetative stages. The plants usually die after flowering. Bamboo belongs to the
grass family Poaceae, and they have similar characteristics to the other major cereal crops
of the family such as rice, maize and wheat. There are more than 1,250 species of
bamboo growing in tropical, subtropical and mild temperate regions around the world.
Their range also extends to cool mountainous regions and highland cloud forests (Ahmad
et al.,, 2021). Bamboo plants are an essential component of the ecosystem as they
maintain forest stability, prevent soil loss, provide food for wildlife, and store carbon. In
addition, bamboo has significant socio-economic importance as a source of raw materials
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for construction, furniture, handicrafts, paper, and household products. Moreover, various
parts of bamboo plant are used as a valuable food source for humans (Sebastian et al.,
2023).

The grains obtained from the seeds of bamboo are called bamboo rice. They can be
considered as one of the most interesting and least studied parts of bamboo. Bamboo rice
has been traditionally used by indigenous and economically disadvantaged groups for
food and medicinal purposes. The Bamboo rice grains are generally short to medium in
size and possess a distinct aroma and taste. Also, the grains appeared brown in color and
are similar to regular rice (Oryza sativa) grains in terms of size, shape, and
physicochemical characteristics (Vasudeva et al., 2011). However, the production
method differs significantly for traditional cultivated rice, and the bamboo rice. Bamboo
rice is only available during flowering events, which occur infrequently. Therefore,
bamboo rice is not always available and cannot be obtainable every year like regular rice
crops. According to previous reports, bamboo rice is a nutrition rich valuable food
source because it is high in protein, dietary fiber, and essential minerals (Haldipur &
Srividya, 2021; Sebastian et al., 2023; Yang et al., 2021).

Indigenous communities value the bamboo rice as it serves as a significant cultural,
nutritional, and economic resource to them. It often plays role as an emergency staple
food during the time of food scarcity. In addition to its use as food, it is believed to exert
health-promoting properties and therefore utilized in folk medicine. Also, previous study
found their antihyperglycemic potential, suggesting its utility to regulate blood glucose
levels (Haldipur & Srividya, 2021). However, the findings are geographically constrained
and not sufficient, which emphasizes the need for additional scientific research and
validation.

In April 2024, social and electronic media widely reported the discovery of rice-like
seeds from bamboo plants by a local individual in Fulbari Upazila of Dinajpur District.
Through this, bamboo rice gained national attention in Bangladesh. This also created
extensive public interest and curiosity, which persuaded numerous claims about the
nutritional and medicinal benefits of bamboo rice. Although several scientific studies on
bamboo rice have been carried out in neighboring countries, no systematic investigation
has yet been reported from Bangladesh.

Therefore, it is apparent that there is limited information on nutritional value,
morphological parameters and phytochemical constituents, so, a detailed investigation
may provide useful insights. Moreover, to facilitate utilization of bamboo rice, scientific
evidence is necessary in a country like Bangladesh. In this backdrop, we designed the
present research to investigate the morphological, nutritional and phytochemical
constituents of bamboo rice. The findings are expected to provide valid evidence against
the claim of bamboo rice’s utility in food and medicine. The results will also aid in the
validation of using traditional resources for potential applications in food systems and in
ensuring nutrition security.
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MATERIALS AND METHODS

Sample Collection: Bamboo rice seeds were collected from local sources at the Fulbari
Upazila of Dinajpur district in Bangladesh in May 2024. A quantity of 1 kg seeds was
collected. Seeds were thoroughly cleaned to remove dirt and dust particles. The seeds
were used for some of the morphological analyses. Where grains were required, manual
dehusking of seed cover was performed to carefully obtain the grains. The grains were
cleaned properly. The seeds and grains were stored in appropriate airtight containers for
further use.

Morphology Trait Analysis: Morphology traits were evaluated based on physical
measurements to obtain dimensional data and through visual inspections to obtain
observable traits. All measurements were conducted using an analogue slide caliper.
Color and texture were assessed visually. The weight of the seeds and grains were
measured using a digital analytical weighing balance (Sartorius, Germany). Photographs
were taken with mobile phone camera to keep permanent visual records.

Proximate Analysis: Proximate analysis was performed following the standard AOAC
(2019) procedures with minor modifications as described previously (Baur & Ensminger,
1977). The parameters analyzed were ash, moisture, crude fiber, crude protein, dry
matter, and metabolizable energy. The results were presented on a dry weight basis.
Bamboo rice grains were ground using a mechanical grinder (Philips, Netherlands) to
obtain powder and stored in airtight containers until analysis.

Moisture content: Oven drying process was utilized to measure the moisture content.
Approximately 5 g of ground grain of bamboo rice was taken in a pre-weighed, clean
crucible and dried in a hot air oven (JSR, Korea) at 105°C until a constant weight was
achieved. The crucible was cooled in a desiccator and then the weight was measured
again. The formula was as follows-
Moisture (%) = (W;—W,)/W, x 100

Where, W; represents weight of the sample before drying (g), and W, represents the
weight of the sample after drying (g).

Ash Content: Ash content was measured by incinerating the dried sample. About 5 g of
the oven-dried sample was placed in a pre-weighed crucible and ignited in a muffle
furnace at 550°C until a white ash was obtained. The crucibles were cooled in a
desiccator and weighed again. The formula was as follows-

Ash (%) =Wy / Wsample x 100
Where W, represents the weight of ash after incineration (g), and Wsampie represents the
initial weight of the sample (g).

Crude Protein Content: Crude protein was determined by following the Kjeldahl
method (Kirk, 1950). One gram of the sample was digested with concentrated H,SO,.
After digestion, the solution was neutralized with NaOH. The released NHs was trapped
in a H3BO; solution and titrated with standard HCI to estimate the nitrogen content. A
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conversion factor of 6.25 was used to calculate crude protein from nitrogen by using the
following formula.

Crude Protein (%) = %N x 6.25
Where, % N is the percentage nitrogen obtained after titration.

Crude Fiber Content: Crude fiber was measured by acid and alkali digestion (Horwitz
& Latimer, 2005). About 2 g of the sample was boiled with 1.25% H,SO, for 30 minutes
followed by filtration and washing. The residue was then boiled with 1.25% NaOH for
another 30 minutes followed by filtration, drying and weight measurement. The obtained
residue was incinerated using a muffle furnace. Crude fiber was calculated as per the
following formula-
Crude Fiber (%) = (Residue - Ash) / Sample weight) x 100

Where, Wi esiqe iS the weight after digestion and drying (g); Was IS the weight after
incineration (g), and Ws,mge is the initial weight of the sample (g).

Dry Matter Content: Dry matter content was measured by oven drying according to
standard procedures (AOAC, 2019). Around 5 g of bamboo rice powder was weighed and
placed into a clean, dry, pre-weighed crucible. Then it was placed in a hot air oven and
dried at 105°C for 3 hrs to achieve a constant weight. After that, the crucible was cooled
in a desiccator to room temperature, and the weight was measured again. The dry matter
was determined using the following formula-
Dry Matter (%) = Wiyt /Wgry x 100

Where, W, represents the initial weight of the sample (g), and Wy, represents the
weight after drying to constant weight (g).

Metabolizable Energy Determination: The metabolizable energy (ME) content of the
samples was estimated from the proximate composition values following standard
procedures used in both animal feed and human nutritional evaluation. Nitrogen-free
extract (NFE), representing the available carbohydrate fraction, was calculated by
difference using the following equation:

NFE (%) = 100 — (Moisture + CP + EE + CF + Ash)
where CP = crude protein, EE = ether extract, CF = crude fiber, and Ash = total ash
content.
For animal feed evaluation, metabolizable energy was estimated according to the
predictive equation described previously (Pauzenga, 1985).

ME (kcal/kg) =37 x CP + 81.8 x EE + 35.5 x NFE
where CP = crude protein, EE = ether extract, NFE = Nitrogen-free extract.
For human nutritional evaluation, metabolizable energy was calculated using the Atwater
general conversion factors recommended by the Food and Agriculture Organization
(FAO, 2003).

ME (kcal/100g) = 4 x Protein + 9 x Fat + 4 x Carbohydrate

Nutritional Analysis
Protein content: Total protein content was measured according to the method described
by Bradford (Bradford, 1976). 0.1 mL of bamboo rice extract was transferred into test



Nutritional and phytochemical profile of bamboo rice 71

tube; then, 0.9 mL Bradford reagent was added to the tube. The mixture was incubated
for 2 min. The absorbance was measured at 595 nm in a UV-vis spectrophotometer (PG
Instruments, UK). Protein content was determined from a standard curve.

Amylose content: Amylose content was measured using a previously described method
(Karve & Kale, 1992). The sample was gelatinized in an alkaline solution. The reaction
was done with iodine-potassium iodide solution. The absorbance was taken at 620 nm in
a UV-vis spectrophotometer, and the amylose content was determined using a standard
curve.

Mineral analysis: Mineral contents such as zinc, iron, calcium, and phosphorus were
determined by atomic absorption spectrophotometry (AAS) (Hooker, 2005). Bamboo rice
grain powder was digested using HNO; and HCIO,. A clear solution was obtained after
the digestion. The digested solution was filtered, diluted, and analyzed by AAS
(Shimadzu, Japan). Calibration was performed with standard solutions.

Phytochemical analysis

Preparation of Extract: The bamboo rice grains were powdered in a mechanical grinder
(Philips, Netherlands). 10 g powder was taken in conical flasks with methanol and water
as solvents. The flasks were placed in an orbital shaker (Vision Scientific, USA) at 120
RPM for 72 hrs at 25°C. The obtained extracts were filtered through Whatman no. 1 filter
paper; the filtrates were concentrated using a rectangular water bath (HH-S6, China).
Finally, stock solutions of the extracts (10 mg/mL) were prepared and stored. The
extracts were subjected to qualitative testing for secondary metabolites, including
alkaloids, carbohydrates, coumarins, flavonoids, glycosides, phenols, resins, saponins,
tannins, and terpenoids, using the following methods.

Alkaloids: 4-6 drops of Wagner’s reagents [1.27 g of lodine and 2 g of potassium iodide
in 100 mL of water] were added to 1 mL of extract. Mixing resulted radish brown
precipitate at the bottom of the tube which indicated the presence of alkaloid (Rizk,
1982).

Carbohydrates: 1 mL of extract was taken into test tubes to which 1 mL of Fehling’s A
and Fehling’s B was added. The tubes were kept in a water bath at 65 °C for 10-15 min.
Appearance of red brick precipitate at the bottom of the tube indicated the presence of
carbohydrates (Fehling, 1849).

Coumarins: 1 mL of extract was mixed with 1.5 mL of 10% NaOH. The presence of
coumarin was validated by the appearance of yellow color (Ahmed et al., 2018).

Flavonoids: 2 mL of extract was taken in a test tube and 3-4 drops of 20% NaOH
solution were added. The mixture produced an intense yellow color. After that, 4-5 drops
of diluted HCI were added to the tube. The presence of flavonoids was confirmed by
colorless appearance of the solution (Ahmed et al., 2020).
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Glycosides: 1 mL of the extract was taken and mixed with 1 mL of glacial acetic acid. To
this mixture, 5-6 drops of 1% FeCl; were added. A brown color ring appeared at the top
of the solution which validated the presence of glycosides (Peash et al., 2017).

Phenols: 1 mL of ethanol was added to 1 mL of extract, followed by addition of 6-7
drops of 1% FeCl;. The appearance of green, blue, or purple colors suggested the
presence of phenols (Rahman et al., 2020).

Resins: 1 mL of extract was taken, and few drops of acetic anhydride were added. After
that, 1 mL of concentrated H,SO, was added. The color of the reaction mixture changed
to yellow or orange, which verified the presence of resins (Igbal et al., 2015).

Saponins: 2 mL of distilled water was added to 1 mL of the extract and shaken for 5 min.
The vigorous shaking resulted in thick foam at the top of the solution. The occurrence of
1 cm foam for at least 10 min indicated the presence of saponin (Kumar et al., 2009).
Tannins: 0.5 mL of extract was mixed with 1 mL of distilled water, followed by
addition of 4-5 drops of 1% FeCls. Blue color in solution indicated the presence of gallic
tannin and greenish black color indicated the presence of cathecholic tannin (Peash et al.,
2017).

Terpenoids: 5 mL of the extract was taken in a test tube. 2 mL of chloroform and few
drops of concentrated H,SO, were added to the tube. The presence of terpenoids was
confirmed by the appearance of reddish-brown color at the boundary of the mixture
(Ahmed et al., 2018).

RESULTS AND DISCUSSION

Morphology Trait Analysis

Measurement: The size measurements, weight analysis, and observable physical traits
such as shape, color and texture have been summarized in Table 1. The average length of
the seeds was 9.53 + 0.45 mm, and the average width of the seeds was 2.46 £ 0.15 mm.
The average length of the grains was 6.87 + 0.54 mm, and the average width of the grain
was 2.26 + 0.18 mm. Generally, the seeds were long and elongated at one end, while the
grains were less elongated and round at one end. The grain size of bamboo rice has been
found shorter than the maximum rice cultivars of Bangladesh while compared to a
previously conducted study (Akter et al., 2022). The color of the seeds was light yellow
to yellowish-brown, and the texture of the seed surface was smooth. In contrast, grains
were found to be deep or metallic bronze in appearance, with a lustrous surface. The
average weight of the seeds was 15.36 £ 3.18 mg, while the average weight of the grains
was 13.54 £ 3.01 mg. The photographic images highlight observable traits such as shape,
size, and surface color of seeds and grains (Figure 1 and 2).
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Table 1. Morphology traits of bamboo rice

73

Measurements
Seed Grain
Length (mm) Width (mm) Length (mm) Width (mm)
9.53+0.45 246 +0.15 6.87 £ 0.54 2.26+0.18
Weight Analysis (mg)
Seed Grain
15.36 + 3.18 13.54 +3.01
Other Parameters
Parameters Seed Grain
Shape Long, elongated at Medium
one end
Color and Texture Light Y.GHOW/ Deep/Metallic Bronze
Yellowish Brown

Data presented as mean + standard deviation (SD)

Fig. 1. Pictorial view of bamboo seeds and grain

Fig. 2. Size determination of seeds and grains of bamboo rice

Proximate Analysis of Bamboo Rice
Moisture Content: The moisture content of the bamboo rice was as 10.15% (Table 2).
This content was lower when compared to the moisture content found in some
Bangladeshi aromatic rice varieties in a previous study (Asaduzzaman et al., 2013). This
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relatively low moisture level indicates that bamboo rice will sustain long storage and will
not be impacted by microbial growth or spoilage.

Dry Matter Content: The dry matter content was recorded as 89.9% (Table 2). The dry
matter of a grain is the portion composed of nutrients and other solid components,
excluding water. High dry matter percentage indicates that the overall nutrient density of
bamboo rice is high, and the high dry matter content makes bamboo rice a dietary
substantial element.

Crude Protein Content: The crude protein content of bamboo rice was found to be
10.1% (Table 2), indicating its potential as a moderate source of dietary protein. While
compared to a previous study, the protein level was comparable to red Aman rice and
maize, higher than the black rice and slightly lower than the wheat (Rupa et al., 2025).

Ash Content: The ash content was measured as 4.45% (Table 2). Ash content
represented the total mineral content of the bamboo rice. The content was higher than the
common major, minor and pseudo-grains while compared to a previously conducted
study (Rupa et al., 2025).

Crude Fiber Content: The crude fiber content of bamboo rice was found as 5.65%
(Table 2), indicating a substantial amount of dietary fiber. Fiber plays an essential role in
maintaining digestive health and controlling blood sugar levels. However, the fiber
content was lower than the common major, minor and pseudo-grains while compared to a
previously conducted study (Rupa et al., 2025).

Metabolizable Energy: The metabolizable energy of bamboo rice for animal nutrition
was calculated as 2943.51 kcal/kg and for human nutrition was 329.5 kcal/100g or 3295
kcal/kg (Table 2). This energy value indicates the amount of usable energy available after
digestion and metabolism after consumption of bamboo rice. The metabolizable energy
content for human nutrition was very similar to the common major, minor and pseudo-
grains while compared to a previously conducted study (Rupa et al., 2025).

Table 2. Proximate Analysis of bamboo rice

Parameters | Value
Moisture (%) 10.15
Dry matter (%) 89.9
Crude protein (%) 10.1
Ash (%) 4.45
Crude fiber (%) 5.65
Fat (%) 21
Metabolizable Energy (kcal/kg) for animal nutrition 2943.51

Metabolizable Energy (kcal/kg) for human nutrition 3295
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Nutritional Analysis of Bamboo Rice

Total Protein Content: Bamboo rice was found to contain 7.81% protein (Table 3),
suggesting that it can act as a moderate dietary protein source. The protein content was
found to be similar with most of the BRRI high-yielding varieties (HYV) in Bangladesh
as evident from a previous study (Shozib et al., 2018). This level of protein intake may
help support key physiological functions such as tissue growth and repair, enzyme and
hormone production, and the maintenance of a healthy immune system (Ajomiwe et al.,
2024).

Amylose Content: The amylose content of bamboo rice was 22.10%, indicating a
medium amylose category (Table 3). The content was found to be higher than some
aromatic rice varieties (Kalizira, BRRI dhan-34, BRRI dhan-50) and slightly lower than
BRRI dhan-37 as evident from previous research (Asaduzzaman et al., 2013).This level
is typically linked to a firmer texture after cooking and slower starch digestion, which
may help moderate post-meal blood glucose responses and make bamboo rice a suitable
option for individuals looking for foods with a lower glycemic index.

Mineral Analysis: Presence of several essential micronutrients has been confirmed
(Table 3). The zinc and iron content was found to be lower than most of the BRRI HYV
rice varieties in Bangladesh as evident from a previous study (Shozib et al., 2017). Zinc
aids in immune function, wound healing, and enzyme activity (Bonaventura et al., 2015).
Iron is essential for oxygen transport in the blood and energy metabolism (Malik et al.,
2025). Calcium helps in better bone health, nerve function, and muscle contraction
(Pravina et al., 2013). Phosphorus helps in energy production and gives structural
integrity of bones and teeth (Serna & Bergwitz, 2020). The presence of these minerals
indicates that bamboo rice can play an essential role as a mineral rich food source.

Table 3. Mineral analysis of bamboo rice

Parameters | Value
Total Protein (%) 7.81
Amylose (%) 22.10
Zinc (PPM) 13.21
Iron (PPM) 4.36
Calcium (PPM) 53.12
Phosphorus (gm/Kg) 2.44

Phytochemical analysis: The qualitative phytochemical screening of bamboo rice
revealed the presence of several bioactive secondary metabolites (Table 4). The water
extract showed a high presence of carbohydrates, along with low to moderate levels of
alkaloids, flavonoids, glycosides, phenols, tannins, and terpenoids. On the other hand, in
the methanol extract a richer profile of secondary metabolites such as terpenoids was
abundant, moderate levels of flavonoids, glycosides, phenols and tannins were present.
While, alkaloids, carbohydrates, and saponins were not detected. The high concentration
of carbohydrates was found in the water extract because they are polar in nature and have
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a high tendency to solubilize in aqueous media (Xu & Queneau, 2014). Bamboo rice is
primarily composed of starch and other water-soluble polysaccharides, which are swiftly
extracted using water. Water is a commonly used solvent for extraction as it is non-toxic
in nature and available at low cost. On the contrary, methanol is a moderately polar
organic solvent and is preferred for its effectiveness in extracting a broader range of
secondary metabolites (Lee et al., 2024).

Overall, the phytochemical composition of bamboo rice indicates that its reported health
benefits are due to the presence of these chemical classes. The dominance of
carbohydrates supports their utility as an energy-rich food source (Jequier, 1994).
Moreover, the presence of flavonoids, phenols, terpenoids, and saponins provides a
biochemical basis for its traditional medicinal use and potential antioxidant and
antihyperglycemic properties (Sharma et al., 2025).

Table 4. Phytochemical composition of bamboo rice

Compounds | Water extract | Methanol extract

Alkaloids + -
Carbohydrates +++ -
Coumarins

Flavonoids + +
Glycosides ++ ++
Phenols + ++
Resins - -
Saponin ++ -
Tannins + ++
Terpenoids ++ +++

Indication: +++ = high; ++ = moderate; + = low; — = not detected

Conclusion and Future Directions: This study highlights bamboo rice as a nutritionally
and mineral-rich yet largely overlooked food resource with strong potential as a
functional food. The grain was found to contain acceptable levels of protein, dietary
fiber, essential minerals, and bioactive phytochemicals, all of which may contribute to
improved physical health and cognitive well-being. These findings provide scientific
support for the traditional medicinal uses of bamboo rice reported in local communities.
In Bangladesh, where interest in natural and underutilized food resources is steadily
increasing, bamboo rice may serve as an important alternative source of nutrition as well
as therapeutic value. However, further research is needed to explore its sustainable
production, processing, and wider utilization.

Acknowledgement: This research was supported by the Special Research Grant (SRG-
241128) provided by the Capacity Utilization Programme under the Special Allocation
for Science and Technology of the Ministry of Science and Technology, Bangladesh. The
authors are also thankful to the lab members who provided opinions and expertise that
greatly assisted this research.



Nutritional and phytochemical profile of bamboo rice 77

REFERENCES

Ahmad, Z., Upadhyay, A., Ding, Y., Emamverdian, A. and Shahzad, A. 2021. Bamboo: Origin,
habitat, distributions and global prospective. In Biotechnological Advances in Bamboo:
The “Green Gold” on the Earth (pp. 1-31). Springer.

Ahmed, S., Moni, B. M., Ahmed, S., Gomes, D. J. and Shohael, A. M. 2020. Comparative
phytochemical, antioxidant, and antibacterial study of different parts of Doigota plants
(Bixa orellana L.). Bull. Natl. Res. Cent., 44(1): 1-10. https://doi.org/10.1186/s42269-020-
00349-1

Ahmed, S., Rahman, F. B., Ahmed, S. and Shohael, A. M. 2018. Insights into the bioactive
compounds, antioxidant potential and TLC profiling of different extracts of Tomato plants,
Jahangirnagar University J. Biol. Sci. 7(2): 65-77.
https://doi.org/10.3329/jujbs.v7i2.40748

Ajomiwe, N., Boland, M., Phongthai, S., Bagiyal, M., Singh, J. and Kaur, L. 2024. Protein
nutrition: understanding structure, digestibility, and bioavailability for optimal health,
Foods. 13(11), 1771.

Akter, M. B., Mosab-Bin, A., Kamruzzaman, M., Reflinur, R., Nahar, N., Rana, M. S., Hoque, M.
I. and Islam, M. S. 2022). Morpho-molecular diversity study of rice cultivars in
Bangladesh, Czech J. Genet. Plant Breed., 58(2): 64—72. https://doi.org/10.17221/69/2021-
CJGPB

Asaduzzaman, M., Haque, M. E., Rahman, J., Hasan, S. M. K., Ali, M. A., Akter, M. S. and
Ahmed, M. 2013. Comparisons of physiochemical, total phenol, flavanoid content and
functional properties in six cultivars of aromatic rice in Bangladesh, Afr. J. Food Sci. 7(8):
198-203.

Baur, F. J., and Ensminger, L. G. 1977. The association of official analytical chemists (AOAC), J.
Am. Oil Chem."' Soc. 54(4): 171-172.

Bonaventura, P., Benedetti, G., Albarede, F. and Miossec, P. 2015. Zinc and its role in immunity
and inflammation, Autoimmun. Rev. 14(4): 277-285.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding, Anal. Biochem. 72(1-2): 248-254.

FAO. 2003. Agriculture Organization of the United Nations: Food Energy—Methods of Analysis
and Conversion Factors, FAO Food and Nutrition Paper. 77.

Fehling, H., von. 1849. Die quantitative Bestimmung von Zucker und Stirkmehl mittelst
Kupfervitriol. Justus Liebigs Ann. Chem. 72(1): 106-113.

Haldipur, A. C. and Srividya, N. 2021. A comparative evaluation of in vitro antihyperglycemic
potential of Bamboo seed rice (Bambusa arundinacea) and Garudan samba (Oryza sativa):
An integrated metabolomics, enzymatic and molecular docking approach, J. Cereal Sci.,
99. https://doi.org/10.1016/j.jcs.2021.103200

Hooker, P. 2005. Mineral analysis of whole grain total cereal, J. Chem. Educ., 82(8): 1223.

Horwitz, W. and Latimer, G. W. 2005. Official methods of analysis of AOAC International (Vol.
1). AOAC international Gaithersburg.

Igbal, E., Salim, K. A. and Lim, L. B. L. 2015. Phytochemical screening, total phenolics and
antioxidant activities of bark and leaf extracts of Goniothalamus velutinus (Airy Shaw)
from Brunei Darussalam, J. King Saud Univ. Sci. 27(3): 224-232.

Jequier, E. 1994. Carbohydrates as a source of energy, The American Journal of Clinical
Nutrition, 59(3): 682S-685S.

Karve, M. S. and Kale, N. R. 1992. A spectrophotometric method for the determination of iodine
binding capacity for starch and its components, Starch-Starke, 44(1): 19-21.

Kirk, P. L. 1950. Kjeldahl method for total nitrogen, Anal. Chem., 22(2): 354-358.



78 Ahmed et al.

Kumar, A., llavarasan, R., Jayachandran, T., Decaraman, M., Aravindhan, P., Padmanabhan, N.
and Krishnan, M. R. V. 2009. Phytochemicals investigation on a tropical plant, Syzygium
cumini from Kattuppalayam, Erode district, Tamil Nadu, South India, Pak. J. Nutr. 8(1):
83-85.

Lee, J.E., Jayakody, J. T. M., Kim, J.1., Jeong, J.W., Choi, K.M., Kim, T.S., Seo, C., Azimi, I.,
Hyun, J. and Ryu, B. 2024. The influence of solvent choice on the extraction of bioactive
compounds from Asteraceae: A comparative review, Foods. 13(19): 3151.

Malik, Z. 1., Ghafoor, M. U., Shah, S. H. B. U., Abid, J., Farooq, U. and Ahmad, A. M. R. 2025.
Unlocking iron: nutritional origins, metabolic pathways, and systemic significance, Front.
nutr.. 12:1637316.

Pauzenga, U., 1985. Feeding parent stock, Zootec. Intl. 17: 22-24.

Peash, T. A., Sheikh, B., Rahman, M. and Shohael, A. M. 2017. Thin layer chromatographic
profiling and phytochemical screening of six medicinal plants in Bangladesh, Int. J. Biosci.
11(1): 131-140. https://doi.org/10.12692/ijb/11.1.131-140

Pravina, P., Sayaji, D. and Avinash, M. 2013. Calcium and its role in human body, Intl. J. Res.
Pharm. Biomed. Sci. 4(2): 659-668.

Rahman, F. B., Ahmed, S., Noor, P., Rahman, M. M. M., Huqg, S. M. A., Akib, M. T. E. and
Shohael, A. M. 2020. A comprehensive multi-directional exploration of phytochemicals
and bioactivities of flower extracts from Delonix regia (Bojer ex Hook.) Raf., Cassia fistula
L. and Lagerstroemia  speciosa L.,  Biochem.  Biophys. Rep. 24.
https://doi.org/10.1016/j.bbrep.2020.100805

Rizk, A. M. 1982. Constituents of plants growing in Quatar. 1. A chemical survey of sixty plants,
Fitoterapia. 53: 35-44.

Rupa, A. Z., Rahim, A. T. M. A,, Hossain, M. H. and Ahmed, K. S. 2025. Nutritional,
phytochemical and antioxidant properties of Bangladeshi pigmented rice (red and black),
grains and pseudograins, Food Chem. Adv. 6. https://doi.org/10.1016/j.focha.2024.100862

Sebastian, J., Longvah, T., Subhash, K., Chary, P. M., Loukrakpam, B., Aaliya, B. and Ananthan,
R. 2023. Morphology, comprehensive physico-chemical and cooking characteristics of
Bamboo rice (Bambusa arundinacea  Wild.). Measurement: Food, 10.
https://doi.org/10.1016/j.meafo0.2023.100089

Serna, J. and Bergwitz, C. 2020. Importance of dietary phosphorus for bone metabolism and
healthy aging, Nutrients. 12(10), 3001.

Sharma, B. P., Rani, J. J,, Vimala, P. D. S., Kumar, S., Marndi, S. and Das, K. 2025. Bioactive
Compounds of Medicinal Plants: Structure, Function, and Bioactivity, J. Biodivers.
Conserv. 9(4): 34-50.

Shozib, H. B., Jahan, S., Das, S. C., Alam, S., Amin, R. B., Hasan, M., Malo, R. and Siddiquee,
M. A. 2017. Mineral Profiling of HYV Rice in Bangladesh, Vit. & Min. 06(03)

Vasudeva, S., Ali, S. Z. and Kartha, K. P. R. 2011. Physico-chemical properties of Bamboo seed
and its starch, Trends Carbohydr. Res. 3(2): 54-59.

Xu, R. and Queneau, Y. 2014. How the polarity of carbohydrates can be used in chemistry. In
Carbohydrate Chemistry: Chemical and Biological Approaches. 40.

Yang, W. T., Gong, X. X, Ji, H. and Shao, J. F. 2021. Qualitative and quantitative
characterization of nutrient content and morphology in seeds of bamboo, rice, and wheat, J.
Cereal Sci. 101. https://doi.org/10.1016/j.jcs.2021.103273



