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Abstract

Bamboo shoots are conventional delicacy to several South East Asian countries since time immemorial. Currently, they are
getting recognition globally due to presence of several health and medicinal properties. The present study is undertaken to
evaluate shoots of four bamboo species (Bambusa balcooa Roxb, Dendrocalamus giganteus Munro, Dendrocalamus
hamiltonii Nees & Arn. Ex Munro, Dendrocalamus membranaceus Munro) for their nutritional, minerals and phytochemicals
content. The parameters analysed were nutritional (protein, carbohydrate, starch, total free amino acids, fat, ash and moisture)
minerals (potassium, phosphorus, magnesium, calcium, chlorine, sodium, sulphur, silicon, iron, zinc, manganese, copper and
nickel) and phytochemicals (vitamins, total phenols, total phytosterols and dietary fibres). The results exhibited that while
comparing nutritional and minerals parameters in four species, the highest content of protein, iron and manganese in B.
balcooa; carbohydrate, sulphur, calcium in D. giganteus and amino acids, potassium, phosphorous and zinc in D.
membranaceus were observed. Considering phytochemicals, the highest content of vitamin C, neutral detergent fibre and
hemicellulose in B. balcooa; total phytosterols in D. giganteus and vitamin E and total phenols in D. hamiltonii were observed.

Bamboo shoots has boundless prospects for its the utilization in food, nutrition and health security.

Keywords: bamboo shoots, edible bamboos, minerals, nutrients, phytochemicals

Introduction

Food and nutrition which is not only required for sustenance
but also allied to longevity, overall health and well-being,
are currently the major challenges of over growing
population. To combat food and nutritional security which
are the highlighted goals recognized by United Nation
sustainable  developments, several neglected and
underutilized nutritious plants need to be placed in our food
system [, Bamboo, the fast growing, ubiquitous, is one such
plant which is neglected, underutilized and underexploited
predominantly in the field of nutrition and health. Bamboos
belong to subfamily Bambusoideae, of grass family Poaceae
and encompass 1480 species in 119 genera worldwide [,
Globally, the main bamboo species which are used for their
edible shoots belongs to few genera i.e. Bambusa,
Dendrocalamus and Phyllostachys >4,

Bamboo shoot is the young, immature, tender, extending
culm with long tapered apical part, which nurtures from the
nodes of the underground rhizome of bamboo plants. Newly
emerging shoots of bamboo plant are conventional delicacy
to several rural communities and is now gaining popularity
worldwide due to its health and medicinal properties Bl In
diverse parts of the world, bamboo shoots are consumed in
many forms such as blanched, boiled, steamed, stir fried,
roasted, salted, pickled, fermented, canned and dried [,
Recently, scientific research on bamboos has demonstrated
to have anticancerous, antidiabetic, antimicrobial, anti-
inflammatory, antibiotic and antipyretic properties and also
helps in lowering cholesterol and cardiovascular diseases [*
8, Besides several health properties of bamboos, scientific
data on nutrient and phytochemical composition is scattered
and limited to few bamboo species.

With this contextual, the study was conducted to examine
various nutrients, minerals and phytochemical components
of four bamboos species of northern region, India. Present
research will be supportive in attaining awareness about
nutrient and phytochemical composition of these species.
Besides, objective of present work is to encourage and
exploit these widely distributed bamboos with regard to
food, nutritive and health benefits.

Material and Methods
Collection of Plant material
Fresh shoots of four edible bamboos species viz., Bambusa

balcooa Roxb, Dendrocalamus giganteus Munro,
Dendrocalamus hamiltonii Nees & Arn. Ex Munro,
Dendrocalamus membranaceus Munro were collected from
Forest Research Institute, Dehradun, Uttarakhand and P. N.
Mehra botanical garden, Chandigarh, India during the
period of July to September 2015-2017. The harvested
shoots of selected species have average length of 20 to 35
cm. The hard outer sheaths were peeled off by knife and
remaining edible portion was washed in distilled water and
stored at 4 °C in the refrigerator for further investigation.

Analysis of Nutrients

Edible shoots of four bamboo species were evaluated for
various  nutrient  components.  Nutrients  (protein,
carbohydrate, starch, amino acids, fat, ash and moisture)
were analysed by AOAC method P,
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Analysis of Minerals

Mineral analysis was achieved by using a commercial WD-
XRF  (Wavelength Dispersive X-Ray Fluorescence)
spectrometer S8 TIGER (Bruker, Germany). Examination of
specific sample was carried out for 20 min. The instrument
was controlled by software system (Quant Express). For
calibration, the standard reference materials i.e. leaves of
spinach (1570a) and tomato (1573a) were used.

Analysis of Phytochemical Components

Phytochemical components analysed in the current study
were vitamin C and E, total phenols, total phytosterols and
dietary fiber components.

Vitamin C content was analyzed by using ascorbic acid as
standard 1%, 1 g shoot was crushed in 10 ml of
metaphosphoric acid (5%) and acetic acid solution (10%).
The extract was then filtered and centrifuged at 4000 r.p.m
for 15 min. To final 1 ml of extract, 0.11 ml of bromine
water (3%), 0.06 ml of thiourea (10%) and 0.5 ml of 2, 4-
dinitrophenylhydrazine was added. The optical density of
final mixture was taken at 521 nm.

Vitamin E content was analyzed by using tocopherol as
standard 4, 1 g sample was suspended in mixture of
chloroform: methanol (2:1) and vortexed for 2 min.
Chloroform and water were then added to this mixture and
centrifuged at 2000 r.p.m for 10 min. The mixture was
filtered and the lower layer was dissolved and desiccated at
80 °C. To final dehydrated extract, 2, 2- dipyridyl solution
(0.2%), FeCls (0.5%) and butanol was added. The optical
density was measured at 520 nm.

Total phenols content was evaluated by using gallic acid as
standard 2. To 0.1 ml of sample extract, 5 ml of Folin-
Ciocalteau reagent (10%) was poured. To this, 3.5 ml of 1M
of sodium carbonate was added and mixed. The final
mixture was then incubated for 1 hr at 40° C. The
absorption was measured at 765 nm.

Total phytosterols content was analysed by taking
cholesterol as standard 2%, 1 g dried sample sample was
homogenised in acetone and ethanol (1:1). The supernatant
thus obtained was centrifuged and evaporated. Final residue
was mixed with acetic anhydride and sulphuric acid (30:1)
solution. The sample mixture was then set aside in dark for
20 min. The absorbance was taken at 680 nm.

Dietary fiber comprises of Neutral detergent fiber (NDF),
Acid detergent fiber (ADF), lignin, hemicellulose and
cellulose and estimation were carried out by methodology of
Goering and Van Soest 4. For NDF, dried powdered
sample was gelatinized with 0.01g of a-amylase kept in
oven at 60 °C for 2 hrs. To this, 10 ml of neutral detergent
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solution (pH 7), 0.2 ml of dekalin and 0.1g of sodium
sulphate were added. Final precipitate was ignited in the
muffle furnace at 500 °C for 3 hrs and the loss in weight
measured as NDF. For ADF, dried sample was acid
hydrolyzed in 1N sulphuric acid, cetyltrimethyl ammonium
bromide and dekalin for 30 min. The precipitate was then
dried in oven at 100°C for 8 hrs. The loss in weight after
ignition measured the ADF content.

For lignin estimation, the NDF and ADF residues were
immersed in 72% sulphuric acid for 2 hrs and then washed
with hot water. The residue was then ignited at 100°C and
lignin content was determined by loss in weight before and
after ignition. Hemicellulose was calculated by difference in
ADF and NDF values. Cellulose was calculated by the
difference in ADF and lignin content.

Statistical Analysis

Data were subjected to one way (ANOVA) using PASW
statistics software version 18.0. Statistically significant
variation in content of nutrient and phytochemical
components among four species was performed by using
Duncan’s multiple range tests at significance level of
p<0.05.

Results and Discussion

Nutrients

Nutrients analysed in the present study includes protein,
carbohydrate, total free amino acids, starch, fat, moisture
and ash. Nutritional composition in shoots of four edible
bamboo species are presented in Table 1.

The protein content ranged from 3.37 to 3.70 g/100g f.w.
with maximum content in shoots of B. balcooa. However,
the content showed insignificant variation among the three
species (B. balcooa, D. giganteus and D. membranaceus)
with significantly (p<0.05) lower values in D. hamiltonii.
The range of protein in our study was observed to be higher
than the earlier reported values in other common vegetables
(331 Carbohydrate and starch content ranged from 3.22 to
5.65 g/100g f.w. and 1.21 to 2.38 g/100g f.w. respectively
with significantly (p<0.05) highest content of both the
parameters in shoots of D. giganteus. Starch provides
energy mainly in the brain and nervous system by breaking
down into glucose and thus a vital element of caloric intake.
Total free amino acid content varied significantly (p<0.05)
among the analysed species with highest content in D.
membranaceus (3.20 ¢/100g f.w.). Amino acids have
important role in regulation of metabolic pathways and thus
aids in treatment of several ailments 61,

Table 1: Nutritional composition of fresh edible shoots of four bamboo species

Nutrients Bambusa balcooa Dendrocalamus giganteus D. hamiltonii D. membranaceus
Protein 3.70 £0.092 3.64 £0.05° 3.37 £0.03° 3.65 £0.092
Carbohydrate 3.22+0.13° 5.65 = 0.062 3.33 £ 0.04% 3.48+0.03°
Amino acids 2.13+0.039 2.26 +0.04° 2.33£0.02° 3.20 £ 0.022
Starch 1.21 +£0.02¢ 2.38 £0.04° 1.74 +0.02P 1.49 £0.04¢
Fat 0.47 £0.012 0.49 +0.022 0.42 £0.02° 0.44 +0.02%®
Ash 0.86 +0.02° 1.03 £ 0.002 0.76 £ 0.02¢ 1.00 £ 0.042
Moisture 90.68 + 0.09° 89.02 £0.03¢ 91.33+0.18° 89.20 + 0.13™

Values are presented in mean + standard deviation (n=3). Values with different letters superscript in each row show significant (p<0.05)

differences among the species

Shoots showed low content (0.42-0.49 g/100g f.w.) of fat
and the variation was insignificant (p>0.05) among the

evaluated species except D. hamiltonii. Ash can quantify
total inorganic minerals by oxidation and combustion of
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total organic matter existing in food sample. Ash content
varied from 0.76 to 1.03 g/100g f.w. which is in parallel to
values reported previously in other bamboo species 7],
Moisture content was conspicuously high in all the species
athat ranged from 89.02-91.33% with maximum content in
D. hamiltonii. Moisture is an analytic of dry matter of food
which controls food quality, safety, stability and influences
biochemical and physical properties (€,

Minerals

Analysis of mineral revealed presence of 8 macrominerals
(K, P, Mg, S, Si, Na, Ca, ClI) in the shoots of all the species.
Out of all macrominerals detected, substantially higher
range of K (4230-6120 mg/100g d.w.) was observed in the
shoots of all species. The highest K was observed in D.
membranaceus and least in B. balcooa (Fig 1). Present
range of K are in corroboration of earlier data reported in
other bamboo species by some authors 1% 20 The other
macrominerals data is presented in Fig 2.

Besides macromineral K, the concentration range of other
macrominerals were found in this sequence: Cl (590-1220
mg/100g d.w.) >P (540-620 mg/100g d.w.) >S (220-270
mg/100g d.w.) >Mg (190-210 mg/100g d.w.) >Ca (150-210
mg/100g d.w.) >Si (120-190 mg/100g d.w.)>Na (20-90
mg/100g d.w.). The range of P and Mg content assessed in
previous reports are in corroboration to our findings 2 2%
221, Among four evaluated species, content of Ca and S was
maximum in D. giganteus; P and Na in D. membranaceus;
Mg and ClI in B. balcooa, Si in D. hamiltonii. In view of
content of all macrominerals and their recommended dietary
allowances (RDAs), bamboo shoots can be regarded as
potential source of K, P, Mg, Si and S. Shoots can be have
great prospective to be employed as a raw material in recent
pharmaceuticals and fortification of food products that are
lacking in specific micronutrients.
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7000

6000
5000
4000
3000
2000

1000

Potassium content (in mg/kg d.w)

1] A
B. balcooa D. gi D. 1

i D. membranaceus

Fig 1: Macromineral (potassium) content in fresh shoots of four
bamboo species
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Fig 2: Macrominerals content in shoots of four bamboo species
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Present study showed 5 microminerals (Fe, Zn, Mn, Cu and
Ni) in the shoots (Fig 3). Fe and Zn content ranged from
6.8-8.2 mg/100g dw. and 6.1-85 mg/100g d.w.
respectively. Among four species, Fe and Zn content was
maximum in B. balcooa and D. membranaceus respectively.
The range of Fe and Zn falls in lower and higher range in
previous studies in other bamboo species 1% 2. 2l The
difference in range of minerals might be due to variability in
species, harvesting time, and topographical conditions. In
present study, Cu, Mn and Ni content ranged from 2.2-5.1
mg/100g d.w., 1.2-2.5 mg/100g d.w. and 0.7-0.9 mg/100g
d.w. respectively. Cu content was observed to be maximum
in D. giganteus; Mn in B. balcooa and Ni values were
highest and similar in B. balcooa and D. membranaceus.
The data on microminerals of bamboo shoots are not much
carried out in literature.

Among five micro-mineral which were evaluated in current
findings, concentration of Fe and Zn were dominant in
shoots. These two microminerals are deficient in the global
populace 1 and hence vastly focused micronutrients in
food fortification. Dominance of these minerals in bamboo
shoots can attribute it to an effective intervention to improve
micronutrients quality of commonly consumed food and
moreover, to combat hidden hunger and malnutrition.

BB. balcooa an. gi; aD. hamiltonii B D. membranacens

&'

Aicrominerals in (mg/100g d.w.)

(T T O e
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Fig 3: Microminerals content in fresh shoots of four bamboo
species

Phytochemical components

Phytochemical components analysed were vitamin C,
vitamin E, total phytosterols, total phenols and dietary fiber
components (Table 2). In the present study, vitamin C
content ranged from 1.83-2.63 mg/100g f.w. being
significantly (p<0.05) highest in B. balcooa and lowest in D.
membranaceus. The difference in vitamin C was
insignificant between D. giganteus and D. hamitonii.
Similar range of vitamin C was reported in the shoots of
other species in previous studies ?* 251 Present findings
revealed a range of vitamin E from 0.42 to 0.68 mg/100g
f.w. being highest in D. hamiltonii. However, insignificant
(p<0.05) difference in vitamin E content was observed
between D. hamiltonii and D. membranaceus. Our study
showed higher content of vitamin E compared to previously
reported range (0.24-0.26 mg/100g) in other species 24,
Dietary polyphenols are plant derived secondary metabolites
which are recently area of scientific attention as they have
revealed several potential beneficial effects on human health
[27. 28 Total phenols in the shoots ranged from 362.36-
678.56 mg/100g f.w. The content varied significantly
(p<0.05) among the evaluated species with highest content
in D. hamiltonii and least in B. balcooa (Table 2).
Compared to our reports, the lower values of total phenols
have been obtained in D. hamiltonii (88.23 mg) and B.
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balcooa (101.65 mg) in previous findings 1. Phytosterols
are plant based bioactive molecules which cannot synthesize
by humans. There is growing scientific indication that
phytosterols are linked to numerous pharmacological
properties, including ability to reduce cholesterol levels and

www.botanyjournals.com

risk of several diseases »* %, Total phytosterols content
ranged from 127.24 to 196.14 mg/100g d.w. with
significantly (p<0.05) highest content in D. giganteus.
Phytosterols content in our reports was found to be higher
than the content previously recorded in other vegetables 34,

Table 2: Phytochemical components in the fresh edible shoots of four bamboo species

Phytochemicals Bambusa balcooa Dendrocalamus giganteus D. hamiltonii D. membranaceus
Vitamin C (mg/100g f.w) 2.63 £0.022 2.21+0.02° 2.48 £0.07° 1.83 £0.04°
Vitamin E (mg/100g f.w) 0.42 +£0.02° 0.56 + 0.03° 0.68 +£0.032 0.65 +0.032
Total phenols (mg/100g f.w) 362.36 + 4.80¢ 616.50 * 4.80° 678.56+ 2.342 471.73 +7.56°
Total phytosterols (mg/100g d.w.) 127.24 + 2.86° 196.14 + 3.232 131.73 + 1.68° 178.07 +2.35P
NDF (g/100g f.w.) 6.07 +£0.042 5.60 + 0.02° 4.78 +0.06° 5.33 £0.12
ADF (g/100g f.w.) 0.51 +0.02¢ 0.83 £0.01° 0.94 +0.02° 1.93 £0.072
Lignin (g/100g f.w.) 0.30 £ 0.02° 0.49 £ 0.042 0.38 £ 0.05° 0.37 £0.03°
Cellulose (g/100g f.w.) 0.21 £0.019 0.34 £0.02° 0.56 +0.02° 1.56 +0.062
Hemicellulose (g/100g f.w.) 5.56 + 0.062 477 +0.14° 3.84 +0.09° 3.40 £ 0.049

Values are presented in mean + standard deviation (n=3). Values with different letters superscript in each row show significant (p<0.05)

differences among the species

Dietary fiber has most recently been attaining recognition of
health expert and nutritionists as research investigations
have confirmed their significant role in several
physiological functions [2, Fiber characterizes total
indigestible component of plant comprising of NDF, ADF,
lignin, cellulose and hemicellulose (Table 2). In present
findings, NDF content ranged from 4.78 to 6.07 g/100g f.w.
with significantly (p<0.05) highest in B. balcooa and least
in D. hamiltonii. Our results are comparable to previous
studies (% 34 31 while lower values have been reported in
other prior findings [*7. The amount of ADF ranged from
0.51-1.93 ¢/100 g f.w. with significantly (p<0.05) higher
values in D. membranaceus. The amount of lignin varied
from 0.30-0.49 ¢/100g f.w. with highest in D. giganteus.
Cellulose ranged from 0.21 to 1.56 ¢/100g f.w. being
highest in D. membranaceus. The amount of hemicellulose
fraction in the shoots ranged from 3.40-5.56 g/100g f.w.
being significantly (p<0.05) highest in B. balcooa. The
content of ADF, lignin, cellulose and hemicellulose content
of D. hamiltonii and B. balcooa are in agreement to the
previous reports 2+ 31 In past few years, fibre components
which comprise of hemicellulose, cellulose, and lignin have
proposed a huge potential mainly in food and nutraceutical
industries, as they are allied to valuable nutrients and health
promoting functions 31,

Conclusion

Shoots of all the five bamboo species analysed in this study
have high nutritional significance and hold great prospects
for its usage as a source of healthy food. Prevalence of
essential minerals and amino acids in shoots make it a
potential component to combat micronutrient deficiency
among masses and for an effective intervention in foods
deficient in micronutrients. Shoots are good source of
dietary fiber and phytosterols which have several health
promoting properties and thus opened new avenues of its
usage as functional ingredients in foods and pharmaceutical
industry. India, being a largest bamboo diversity country,
has boundless prospects to exploit its huge and rich fastest
growing bamboo resources for the utilization of its shoot for
food, nutrition and health security which are highlighted
objectives recognised by United Nation Sustainable
developments.
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