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ARTICLE INFO ABSTRACT

Keywords: Bamboo shoots are gaining worldwide importance as a health food being a rich repository of nutrients and health
ba'mboo shoot analysis promoting bioactive compounds. The young shoots offer a diversity of micronutrients especially mineral ele-
minerals ments, exceeding the profiles of several commonly used vegetables and have great potential to combat micro-
nutrition nutrient deficiency or hidden hunger. Deficiency of mineral elements is the most common and widespread
micronutrients . . - . o .
fortification nutritional disorder globally and has noticeable effects on human health. Minerals are indispensable due to their

diverse functions in body metabolism and are critical for many metabolic processes by serving as essential co-
factors for a number of enzymes. Bamboo shoots are a good source of macro and micro mineral elements.
Apart from being an excellent source of food, bamboo is used in traditional medicines in many Asian countries.
Modern research has supported most of the medicinal properties such as antioxidant, antidiabetic, antimicrobial,
antitumor and prevention of cardiovascular and neurological disorders. Due to its nutritional and medicinal
properties, bamboo shoot is an ideal bioresource for the development of novel functional foods and nutraceut-
icals. The present paper discusses mineral elements in fresh and processed bamboo shoots and shoot fortified

bamboo shoot processing

products and the prospects of using bamboo shoots for food fortification.

1. Introduction

Minerals, the major group of micronutrients are indispensable for
normal body growth due to their diverse functionalities and potentials in
body metabolism and homeostasis and are vital for the normal structural
and physiological growth, maintenance of hormonal and regulatory
functions of our body and play a significant role in building of muscles
and bones (Soetan et al., 2010). They are essential nutrients because
they are not synthesized in the body and must be obtained through food
or as supplements to meet daily requirements (Awuchi et al., 2020). In
the recent past, much attention has been paid to the importance of
minerals in human health as it is now well recognized that deficiencies
or disturbances of a trace element essential for an enzyme system will
have profound effects on metabolism and tissue structure and lead to a
variety of diseases. There is a strong biological and physiological
rationale which indicates that the long-known involvement of minerals
in cellular energy production translates into functional and physiolog-
ical outcomes in humans, including perceived physical and mental fa-
tigue as well as psychological and cognitive functions (Tardy et al.,
2020). Minerals required in greater quantities are referred to as macro
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minerals and this group includes calcium, phosphorus, sodium, chlorine,
potassium, magnesium and sulfur. Some elements that include cobalt,
copper, iodine, iron, manganese, molybdenum, selenium, zinc, chro-
mium, nickel and fluorine are required in trace amounts and are referred
to as the micro or trace minerals. The macro-minerals are required in
amounts greater than 100 mg/dl and the micro-minerals are required in
amounts less than 100 mg/dl (Soetan et al., 2010). Through scientific
experiments, it has become increasingly evident that a diet rich in
healthful nutrients can help prevent and manage a number of diseases
such as diabetes, heart diseases, stroke and cancer (Tolonen, 1990;
Branco et al., 2016). Moreover, micronutrient deficiency, an invisible
form of malnutrition also known as hidden hunger, is caused by de-
ficiencies in key vitamins and minerals and affects more than 2 billion
people globally leading to underweight and malnourished children with
reduced productivity and intellectual capacity (Hodge, 2016; Harding
et al., 2017). The fundamental reason for global malnutrition is the over
reliance of the world population for its basic energy requirement on a
few crops such as wheat, maize and rice which are rich in carbohydrates
but lack many minerals and health promoting bioactive compounds. As
plants are the main source of food, one of the most important challenges
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for agriculture, besides enhancing food production, is to provide almost
all the essential nutrients to humans for maintenance of good health
(Martinez-Ballesta et al., 2010). It is envisaged that mineral malnutrition
can be addressed by dietary diversification, mineral supplements, food
fortification or biofortification. To effectively combat the health risks
arising due to mineral element deficiencies, it is of utmost importance to
identify and include food sources that are rich repositories of micro-
nutrients along with being a balanced source of energy and wholesome
nutrients. Plant-based foods are an important source of essential min-
erals, nutrients and bioactive compounds and bamboo is one such plant
that stands out for its exceptional health benefits (Nirmala et al. 2011;
Nirmala et al., 2018; Singhal et al., 2013). Bamboo shoot is considered as
one of the health promoting vegetables and also projected as a future
health food due to its high content of nutrients and bioactive compounds
(Nirmala et al., 2014a). The consumption of bamboo shoots is mainly
concentrated in Asia. However, due to the popularity of Chinese res-
taurants worldwide, the overall consumption of bamboo shoots is more
than 2 million tons annually and is widespread in Europe, North
America, Oceania and Africa (Choudhury et al., 2011; Ding and Wang,
2018). Nutrient components in the young shoots have been analyzed
and the results reveal that they have a good profile of minerals such as
potassium, calcium, phosphorus, iron, silicon, magnesium, sodium and
selenium (Nirmala et al., 2011; Bajwa et al., 2019).

Although, bamboo shoots are rich in nutrients, minerals, bioactive
compounds and antioxidants, an inherent drawback associated with
fresh bamboo shoots is the presence of anti-nutrients such as cyanogenic
glycosides, thiocyanate, glucosinolate, phytate and tannins. Hence,
fresh juvenile shoots need to be processed prior to exploiting them as a
food additive and for safe human consumption (Rawat et al., 2015). The
major processing techniques, which are used for removal of
anti-nutrients, and enhancement of shelf life of bamboo shoots are,
soaking, boiling, salting, and fermentation. Boiling for 20 minutes
effectively eliminates 97% of cyanogen content of the shoot. Fermen-
tation is also a very effective processing technique commonly followed
in Northeastern parts of India that not only remove the toxin and other
undesirable characteristics, but also improve the therapeutic properties
of the bamboo shoots. The present paper discusses the mineral elements
in fresh and processed bamboo shoots and bamboo shoot fortified food
products and application prospects of bamboo shoots in food fortifica-
tion and food additives to combat micronutrient deficiencies.

2. Macro mineral elements

Mineral content in bamboo shoots may vary depending upon the
species, growth site, agroclimatic conditions, harvesting season, age of
shoot, shoot part and methods used for sample preparation and esti-
mation. Moreover, the different processing techniques utilized for the
removal of antinutrients in the shoots often have varied effects on the
level of mineral content. Results of the different studies revealed that
boiling caused highest loss in the mineral content of the shoots. This
might be due to leaching because higher temperature leads to solubili-
zation of pectin which is a major component in the cell wall. This makes
the cell more susceptible to rupture and contributes to the dissolution of
the middle lamella. The middle lamella contains the highest level of
some minerals such as potassium in certain fruits and vegetables which
leads to release of minerals from the cells in the water (Asiimwe et al.,
2013). Contrarily, bamboo shoot fermentation increased the amount of
certain minerals such as magnesium, sulphur, sodium, calcium and iron.
The increase in mineral content after fermentation might be due to loss
of dry matter as microbes degrade carbohydrates and proteins (Day and
Morawicki, 2018). Antinutrients also decrease the bioavailability of
minerals because they form complexes with different mineral elements
(Nkhata et al., 2018). The antinutrients such as phytate are an effective
chelator of positively charged molecules and have the potential to form
stable insoluble complexes with minerals (Cheryan, 1980). Fermentaion
process breaks these complexes and makes them readily bioavailable
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(Lopez et al., 1983).

Processing of shoots and different methods used for the analysis of
minerals are depicted in Fig. 1. The mineral content in bamboo shoots is
determined by different methods such as Atomic absorption spectro-
photometer (Tabet et al., 2004; Elangbam, 2006; Feleke, 2013; Sood
et al., 2013; Waikhom et al., 2013; Christian et al., 2015), flame
photometer (Pandey and Ojha, 2014; Chandramouli and Viswanath,
2015), Wavelength Dispersive X Ray Fluorescence (WDXRF) (Rawat,
2017; Sharma, 2018; Saini et al., 2017; Devi, 2018; Bajwa et al., 2019;
Meetei, 2019) plasma spectrometer and Optical Emission Spectrometer
method. Mineral content of maximum number of bamboo species have
been analyzed using (WDXRF) (Tables 2 and 3, Saini et al., 2017; Devi,
2018)

2.1. Potassium

Bamboo shoots have the highest potassium content followed by
chlorine, phosphorus, magnesium and calcium (Table 1). Potassium is a
heart healthy mineral and functions in acid-base balance, regulation of
osmotic pressure, conduction of nerve impulse, muscle contraction
particularly the cardiac muscle and cell membrane function (Soetan
et al., 2010). The potassium content in the shoots of nineteen bamboo
species (Table 1) ranges from 4190 to 6660 mg/100 g of dry weight
(Saini et al., 2017; Devi, 2018). This is much higher than potassium
content present in common vegetables (Table 2) with highest level in
Asparagus (1094 mg/100 g) followed by beetroot (380 mg/100 g), pea
(330 mg/100 g), bean (230 mg/100 g), lettuce (220 mg/100 g) and
spinach (157 mg/100 g). Waikhom et al. (2013) reported ten elements
in 30 days old shoots of twelve bamboo species and found that all
bamboo shoots are rich in potassium and poor in sodium. The potassium
content ranged from 1310 to 3533 mg/100 g dry weight, maximum in
D. manipureanus and minimum in Schizostachyum dulloa. A higher range
(2670-9630 mg/100 g dry weight) was recorded by Christian et al.
(2015) in six species of Phyllostachys and Pseuodosasa japonica whereas
Karanja et al. (2015) observed higher potassium content in upper por-
tions of Yushania alpina shoots (35,900 pg/g dry weight) compared to
lower portions (27,600 pg/g dry weight). Potassium content is also
affected by altitude and site as reported by Feleke (2013) who studied
two bamboo species Arundinaria alpina and Oxytenanthera abyssinica
growing in different altitudes and zones of Ethiopia. The highest po-
tassium content (9772 mg/100 g dry weight) was found in highland
bamboo A. alpina whereas, in lowland bamboo O. abyssinica, potassium
content was much lower. A similar observation was reported by Chan-
dramouli and Viswanath (2015) in shoots growing in two agro climatic
zones viz. tropical humid and semi-arid in Peninsular India. Processing
affected the potassium content in almost all the species. Bajwa et al.
(2019) also reported a significant decrease in potassium content after
processing with highest decrease in boiled shoots (37%) followed by
fermented shoots (18%) and brine preserved shoots (8%) of
D. hamiltonii. A similar decreasing pattern in 15 min boiled (water) and
10 min boiled (5% brine solution) shoots based on fresh weight of four
bamboo species was reported (Pandey and Ojha, 2014). Amongst
different drying methods, freeze drying was the most efficient in
retaining potassium content in shoots of Phyllostachys manii (Fig. 2) as
also reported by Santosh et al. (2019). Sonar et al. (2015) estimated the
potassium content of different types of fermented shoots and reported
highest retention in the hirring form (1457 mg/100 g) compared to the
others (Table 4).

2.2. Phosphorus

Phosphorus, the second most abundant element in the human body is
also abundant in bamboo shoots. This element is the main constituent of
DNA and RNA and is vital in many metabolic processes such as those
involving the buffers in body fluids which help in maintaining the acid
base balance. Young shoots of some bamboo species were analyzed for
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Fig. 1. Schematic flowchart showing the different processing methods of bamboo shoot and various techniques used for the estimation of minerals.

phosphorus content which ranged from 460-930 mg/100 g with the
highest content in Phyllostachys manii (Table 1). This is higher than most
of the commonly consumed vegetables (Table 2). Karanja et al. (2015)
reported a significant difference in the amount of phosphorus estimated
from upper (763 mg/100g) and lower portion (481 mg/100 g) of
Y. alpina shoots. As indicated in Table 3 and Fig. 2, processing tech-
niques has significant impact on the concentration of phosphorus.
Highest concentration was observed in the sun-dried shoots of P. manii
(1100 mg/100 g). Similar pattern was noticed in other bamboo species
such as B. balcooa, B. bambos, B. nutans, D. giganteus, D. hamiltonii,
D. latiflorus and D. sikkimensis analyzed by different researchers using
different estimation techniques. Bajwa et al. (2019) analyzed the
phosphorus content in boiled, brine preserved and fermented shoots of
D. hamiltonii by WDXRF and reported highest decrease (48%) in brine
preserved shoots followed by boiled shoots (19%) and fermented shoots
(12%). Similar trend was reported by Nirmala et al. (2008) and Saini
et al. (2017) in the shoots of D. giganteus and B. balcooa respectively.
Pandey and Ojha (2014) estimated the phosphorus content of B. bambos,
B. tulda, D. asper and D. strictus on fresh weight basis and reported that
phosphorus content in shoots decreased when boiling time increased
from 10 min to 25 min. Sharma and Barooah (2017) analyzed fermented
shoots and found that Kako retained maximum phosphorus content as
compared to Jati and Bhuluka (Table 4)

2.3. Magnesium

Bamboo shoot is one of the best sources of magnesium. In nineteen
species analyzed species by Saini et al. (2017) and Devi (2018), mag-
nesium content ranged from 130 to 300 mg/100 g (Table 1). Magnesium
acts as a cofactor for more than 300 enzymatic reactions in the body that
regulate diverse biochemical reactions in the body including protein
synthesis, muscle and nerve transmission, signal transduction, blood
glucose control and blood pressure regulation (Grober et al., 2015). In
Yushania alpina shoots, Karanja et al. (2015) reported magnesium con-
tent of 430 mg/100 g in the upper portion. This is much higher than
commonly consumed vegetables except spinach with magnesium

content 631 mg/100 g (Table 2). Feleke (2013) reported site variable
concentration of magnesium in the shoots of A. alpine ranging from 139
to 189 mg/100 g. Chandramouli and Viswanath (2015) estimated the
magnesium content in shoots of different bamboo species viz. B. balcooa,
B. bambos, D. asper, D. stocksii, D. strictus and Guadua angustifolia
growing in two agro climatic zones. Magnesium content decreased after
processing but a slight increase was reported after fermentation. Rawat
(2017), Saini (2019) and Devi (2018) estimated the magnesium content
in shoots of B. balcooa, B. bambos, B. nutans, D. sikkimensis, D. giganteus,
D. hamiltonii, D. membranaceus, D. latiflorus, P. mannii and P. pubescens
using WDXRF and reported the highest value in soaked shoots when
compared with the brine preserved, boiled and fermented shoots. Bajwa
etal. (2019) also used the same technique and noticed a slight reduction
after boiling (160 mg/100 g) and brine treatment (150 mg/100 g) but
increase after fermentation (190 mg/100g) in the shoots of
D. hamiltonii. Pandey and Ojha (2014) estimated the content on fresh
weight basis and reported reduction in the amount of magnesium in the
shoots of four bamboo species (B. bambos, B. tulda, D. asper, D. strictus)
after boiling. Fresh shoots (170 mg/100 g) of all the four species had
same amount of magnesium but content decreased when shoots of
B. bambos were boiled for 10 min in 5% brine solution (150 mg/100 g)
and 15 min in plain water (150 mg/100 g). Sun drying is the best
method of processing for retaining the magnesium content (Fig. 2,
Rawat, 2017).

2.4. Calcium

Calcium is the most abundant anion in extracellular fluid and is an
essential element for various functions related to the growth, activity
and maintenance of the human. Bamboo shoot is a rich source of cal-
cium. Analysis of macro minerals in shoots of some bamboo species
(Saini et al., 2017; Devi, 2018) revealed that the calcium content ranges
from 100 to 220 mg/100 g (Table 1) which is much higher than
commonly consumed vegetables. Only radish and spinach have higher
calcium content (Table 2). The highest value (285 mg/100 g) was re-
ported by Feleke (2013) in the shoots of A. alpine. In the shoots of
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Table 1

Macro and micro mineral elements (mg/100 g dry weight) in fresh shoots of some bamboo species estimated by Wavelength Dispersive X-ray Fluorescence spectrometry (Saini et al., 2017; Devi, 2018).

Cl Si Fe Zn Cu Mn

Na

Ca

Mg

Species

09+0.1
0.7 +0.1
0.7 +0.1
09+0.1
0.8+0.1
0.7+0.1
0.8+0.1
1.2+0.1
0.9+0.1
0.8+0.1
0.7+0.1

254+0.2
3.6 +0.2
2.3+0.2
1.3+0.1
9.7 £0.8
2.5+0.2
254+0.2

2.6 +0.4
2.5+0.4
2.4+0.4
1.6 £0.2
1.9+0.2
2.4+0.4
22+04
2.6 +0.4
3.4+06
51+0.8
2.6 +0.4

6.8 + 0.4

8.2+0.8
8.0+0.8
5.8 +£0.6
5.9 +£0.6
8.8+0.8
7.0 £0.8
6.7 £ 0.6
6.8 £ 0.6
6.5+ 0.6
6.9 +£ 0.6
7.4+£0.3

150 + 2.8
130 £ 1.8
120 + 1.8
110 + 1.8
160 + 2.8
120 + 2.2
140 + 2.2
80+ 0.8

20 + 0.6 1220 + 40

230+ 10
260 + 20
250 + 20
260 + 20
250 + 20
280 + 20
200 + 10
270 + 20
280 + 20
270 + 20
220 + 20

180 £ 10
190 + 10
110 £ 10
100 + 10
180 + 10
100 + 10
110 £ 10
180 + 10
220 + 20
210 + 20
150 +£ 10

210+ 10
230 + 20
180 £ 10
210 + 20

200 + 10

560 + 30
750 + 50
550 + 30
670 + 40
580 + 30
640 + 50
460 + 30
610 + 50
750 + 50
540 + 30
560 + 40

4230 + 60

Bambusa balcooa

B. bambos

10 £ 0.6
7.2+£0.6
8.5+ 0.6
9.5+ 0.6
7.7 £0.6
6.0 £ 0.4
9.0+ 0.8
8.0+ 0.8
6.1 +£0.4
6.8 £0.4

1530 + 40

20 £ 0.6

5980 + 60

1150 + 40

10 + 0.4

4480 + 50

B. cacharensis

1410 + 40

20 + 0.6

6480 + 70

B. manipureana

B. nutans
B. tulda

1230 + 40

20 £ 0.6

5230 + 60

1680 + 40

20 £ 0.6

190 £ 10
130 £ 10
170 £ 10
220 +10
190 £ 10

200

5210 + 60

1660 + 40

10 £ 0.4

4190 + 50

B. vulgaris

6.0 £ 0.6
3.5+04
1.3+0.1
1.2+0.1

1200 + 40

20 £ 0.6

5630 + 50

Cephalostachyum capitatum
Chimnobambusa callosa

100 £1.8
120 £ 1.6
200 + 2.8

680 + 20
590 + 20
870 + 20

20 £ 0.6

6570 + 60

40 £ 0.8

4590 + 50

Dendrocalamus giganteus

D. hamiltonii

40 + 0.8

5230 + 60

+10

0.7 +£0.1
1.2+0.1
0.7 £0.1
0.8+0.1
09+0.1
1.1+0.1
1.0+ 0.1
0.8+0.1

2.4+0.2

29+0.4
1.9+0.2
2.1+0.4
21+04
22+04
25+04
2.8+0.4
2.6 +0.4

8.4+0.8
79+0.6
8.2+0.8
9.0+0.8
85+0.8
8.3+0.8

6.0+ 0.6
4.7 £ 0.4
6.8 £0.6
7.9+0.8
6.8+ 0.6
10+ 0.8

170 £ 2.8
170 £ 2.8
140 £ 2.2
140 £ 2.6
150 £ 2.8
160 £ 2.6
120 £ 2.4
70 £1.2

30+£0.8 1460 + 40

290 + 20
230 + 20
240 + 20
320 £ 20
240 £+ 20
270 £ 20

340 £ 10

150 £ 10
120 £ 10
130 £ 10
140 £ 10
160 + 10
180 £ 10
210 + 20
130 £ 10

220 + 20
160 £ 10

200 + 10

680 + 50
480 + 30
580 + 30
630 + 50
620 + 40
530 + 30
620 + 40
930 + 60

5740 + 60

D. hookerii

3.6 £0.4
2.3+0.2

910 + 30
950 + 30

20 + 0.6

4390 + 50

D. latiflorus

10 + 0.4

5610 + 60

D. longispathus

3.2+0.4
1.5+0.1

1270 + 40

20 £ 0.6

240 + 20
200 + 20
240 + 20
300 + 20
230 + 20

6200 + 70

D. manipureanus

930 + 30
880 + 20

90 + 1.2

6120 + 70

D. membranaceus
D. sikkimensis

43+0.6
5.5+0.6
9.0 £ 0.8

30+ 0.8

5200 + 60

10+ 0.8

7.2+0.8
9.1+0.8

1350 + 30

30+0.8

6480 + 60

Melocanna baccifera
Phyllostachys mannii

10+ 0.8

850 + 20

60 £1.2

330 + 20

6660 + 70

Data are presented in mean values + Standard deviation (n = 3)
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Y. alpina, upper part had high calcium content (267 mg/100 g) as
compared to the lower portion of the shoot (106 mg/100 g) as reported
by Karanja et al. (2015). Processing techniques also have significant
impact on the calcium concentration in bamboo shoots with maximum
recorded in soaked shoots of D. membranaceous (Table 3). The highest
value of calcium (370 mg/100 g) was reported by Bajwa et al. (2019) in
brine preserved shoots of D. hamiltonii. Devi (2018) and Rawat (2017)
also reported a similar trend of increase in calcium content in brine
preserved shoots in B. nutans, D. giganteus, D. sikkimensis and D. latiflorus.
In Bambusa balcooa, Saini (2019) reported increase in calcium content
after processing with highest increase in water preserved shoots
(240 mg/100 g) followed by boiled shoots for 15 min (230 mg/100 g).
Pandey and Ojha (2014) reported a complete depletion of calcium
content when shoots of B. bambos were boiled for 25 min whereas no
change occurred when the shoots were boiled for 10 min in 5% brine
solution and 15 min in plain water. Calcium content remained unaf-
fected in D. asper when shoots were boiled for 15 min and 20 min.

2.5. Sulphur

Sulphur is the third most abundant mineral in bamboo shoots after
potassium and phosphorus. It is an important component of amino acids,
carbohydrates and phospholipids. In fresh bamboo shoots, sulphur
content ranges from 200 to 340 mg/100 g with highest content recorded
in Melocanna baccifera (Table 1) followed by D. hookerii (290 mg/100 g)
and Chimonobambusa callosa (280 mg/100 g). During processing, the
soaked shoots showed an increased in sulphur content in all the species
(Table 3). Saini et al. (2017) reported the sulfur content in B. bambos
(260 mg/100 g) and B. balcooa (230 mg/100 g) fresh shoots which
increased significantly by 9-11% after soaking and 8-13% after storage
in water for six months but boiling, brine preservation and fermentation
caused a significant decrease in the sulphur content of the shoots. Devi
(2018) and Rawat (2017) also analyzed the shoots of B. nutans,
D. giganteus, D. hamiltonii, D. latiflorus, D. sikkimensis, P. mannii and
P. pubescens and reported highest content in the soaked shoots compared
with boiled, fermented and brine treated shoots. Bajwa et al. (2019)
reported a significant increase (11%) after fermentation. Among the
different processing methods, the sulphur content increased in the
sun-dried shoots of D. giganteus, D. hamiltonii and Phyllostachys manii
(Rawat, 2017).

2.6. Sodium

Sodium is the principle cation in extracellular fluid and its important
functions include maintenance of membrane potentials, transmission of
nerve impulses and the absorptive processes of monosaccharides, amino
acids, pyrimidines and bile salts (Soetan et al., 2010). Only a few re-
searchers in recent years have examined the sodium content of bamboo
shoots and indicated lower values compared to other macro minerals.
Sodium content ranged from 0.19 to 7.34 mg in the fresh shoots (Nir-
mala et al., 2008; Park and Jhon, 2013; Sood et al., 2013; Hailu and
Addis, 2016). A higher content was seen in some species which ranged
from 10 to 90 mg/100 g (Table 1) with highest content recorded in
D. membranaceous. Pandey and Ojha (2014) estimated the sodium con-
tent on fresh weight basis using flame photometer and reported highest
content in the shoots of D. asper and D. strictus (90 mg/100 g). A sig-
nificant difference was reported in the shoots of various bamboo species
collected from different locations (Chandramouli and Viswanath, 2015).
Bajwa et al. (2019) estimated the sodium content in fresh, fermented,
brine preserved and boiled shoots of D. hamiltonii and found that content
increased after processing with highest increase in brine preserved
shoots (1879 mg/100g) and lowest in the fermented shoots
(70 mg/100 g) as compared to the fresh shoots (30 mg/100 g). Similar
trend was also reported by Saini (2019) in the shoots of B. balcooa,
B. bambos, B. nutans and D. sikkimensis. Pandey and Ojha (2014) reported
an increase in sodium content when shoots of B. tulda were boiled in 5%
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Table 2
Macro and micro mineral (mg/100 g) content in commonly consumed vegetables.
Species K P Mg Ca Na Fe Zn Cu Mn Ni Ccd Co References
Abelmochus esculentus (Okra) 18.13 0.4 4.23 0.4 1.2 0.19 0.12 0.13 James and Emmanuel
(2011)

Agaricus bisporus 320 80 9 6 5 0.6 0.72 - Mayer (1997)
(Mushroom)

Allium cepa (Onions) 160 30 4 25 3 0.3 0.05 - - - - Mayer (1997)

Asparagus officinalis 1094 - - 67 184 19 260 - - - - - Aberoumand and Deokule
(Asparagus) (2009)

Beta vulgaris (Beetroot) 380 51 11 20 66 1 - 0.02 - - - - Mayer (1997)

Brassica oleracea (Cabbage) 10.45 4.43 7.73 0.5 0.18 0.34 0.29 0.07 - James and Emmanuel

(2011)

Brassica rapa (Turnip) 280 41 8 48 15 0.2 0.01 - - - - Mayer (1997)

Cucumis sativus (Cucumber) 4.65 3.92 1.8 5.25 4.4 0.55 0.1 0.12 0.18 0.114 Ismail et al. (2011)

Cucurbita pepo Pumpkin) 130 19 10 29 - 0.4 0.02 - - - Mayer (1997)

Daucus carota (Carrot) 3.85 29.7 2.2 4.9 13.3 0.21 0.14 0.127 0.005 0.104 Ismail et al. (2011)

Lactuca sativa (Lettuce) 220 28 6 28 3 0.7 0.01 - - - - Mayer (1997)

Lycopersicon esculantum 83.6 76 - 220 154.8 12 25.6 7.6 20.8 - - - Adenipekun and Oyetunji
(Tomato) (2010)

Momordica charantia (Bitter 6.4 4.26 2.85 6.9 11.6 0.4 0.11 0.139 0.13 0.114 Ismail et al. (2011)
gourd)

Phaseolus vulgaris (Bean) 230 38 17 36 - 1.2 0.2 0.01 - - - - Holland et al. (1991)

Pisum sativum (Peas) 330 130 34 21 1 2.8 0.05 - - - Mayer (1997)

Raphanus sativus (Raddish) 149.44 - 321.37 860.36 109.50 19.85 11.76 2.9 - 0.711 0.005 - Linkon et al. (2015)

Solanum tuberosum (Potato) 38.5 291 2.4 6.6 1.5 0.15 0.13 0.1 0.05 0.113  Ismail et al. (2011)

Spinacia oleracea (Spinach) 157.52 631.02 229.17 485.57 7492 2945 7.55 0.973 0.009 - Linkon et al. (2015)

Note: ‘-’ signifies ‘not mentioned’

brine solution for 10 min. The increase after brine treatment might be
due to the absorption of sodium content from the preserving medium.
Nirmala et al. (2008) reported highest amount of sodium in fermented
shoots of D. giganteus.

2.7. Chlorine

While a large number of studies have evaluated mineral content of
bamboo shoots, few studies have been conducted to estimate the chlo-
rine content in shoots. Deficiency of chloride in diet may lead to alka-
losis and reduction in blood chloride level leading to cerebral
dehydration that can also affect transportation of oxygen (Morrison,
1990). In shoots of nineteen species analyzed, the chlorine content
ranged from 590 to 1680 1mg/100 g (Table 1). Saini et al. (2017)
estimated the chlorine content in shoots of two bamboo species and
found that B. bambos shoots had higher amount of chlorine
(1530 mg/100 g) as compared to the shoots of B. balcooa
(1220 mg/100 g). Similarly, Rawat (2017) analyzed the shoots of
D. giganteus, D. hamiltonii, D. membranaceus and P. manii and reported
that chlorine content did not vary significantly among the species.
However, processing had a significant effect on the chlorine content in
shoots. Bajwa et al. (2019) studied the effect of different processing
methods on the chlorine content in shoots of D. hamiltonii and observed
that content decreased after fermentation (740 mg/100 g) and boiling
(510 mg/100 g) but increased drastically in brine preserved shoots
(24730 mg/100 g) compared to the fresh shoots (860 mg/100 g). Saini
et al. (2017) also studied the effect of processing on chlorine content in
shoots of B. nutans and B. bambos and found a significant decrease after
processing except for brine preserved shoots where the content
increased immensely.

2.8. Silicon

Bamboo extract is the richest known source of natural silica, con-
taining over 70% organic silica. This is more than 10 times the level
found in the widely used Horsetail plant (Equisetum) that contains 5% to
7% silica (Law and Exley, 2011). Pure form of silica obtained from
bamboo internodes known as Tabasheer, banslochan or bamboo-manna
is used in Indian traditional Ayurvedic and Unani medicine. It acts as
stimulant, astringent, febrifuge, tonic with antispasmodic and

aphrodisiac properties (Nirmala and Bisht, 2017). Though silica has not
been largely documented as an essential trace element, over the past few
decades, several biochemical and clinical studies have demonstrated the
advantageous effects of silicon and it is now documented as one of the
most indispensable trace elements in human metabolism. Silicon pro-
vides strength, integrity and flexibility to the connective tissues of skin,
bones, nails, hair and arteries and is also considered as an anti-ageing
nutrient (Jugdaohsingh, 2007; Martin, 2013). Deficiency of silicon
leads to incompatibility in normal growth and skeletal development.

Silicon content in the fresh juvenile shoot ranges from 70-200 mg/
100 g in which maximum is found in Dendrocalamus hamiltonii (Table 1).
Bamboo species such as B. balcooa, B. bambos, B. cacharensis,
B. manipureana, B. nutans, B. tulda, B. vulgaris, C. capitatum, C. callosa,
D. hamiltonii, D. sikkimensis, D. latiflorus, D. longispathus, D. sikkimensis,
D. hookerii and M. baccifera have been estimated for their silicon content
and it was found that silicon content in bamboo shoots is not less than
100 mg/100 g except the shoots of P. manii (70 mg/100g) and
C. capitatum (80 mg/100 g). Processing of bamboo shoots has a signifi-
cant impact on the level of silicon. Decline in silicon content after boiling
has been observed by Park and Jhon (2013) in Phyllostachys pubescens
and Sinoarundinaria nigra shoots. The reduction in silicon might be due
to solubility of plant based amorphous silicon with processing and
storage (Dove et al., 2008). Thus, bamboo shoots being a silicon rich
vegetable can offer significant prospects for dietary supplementation
and can be used in the nutraceutical and cosmetic industries.

3. Micro mineral elements
3.1. Iron

Bamboo shoot is one of the iron rich foods and many bamboo species
have been analyzed for the iron content. Iron is an essential element for
almost all living organisms as it participates in a wide variety of meta-
bolic processes. The average daily recommended dose of iron for a
normal adult is 18 mg. Deficiency of iron causes anemia and could affect
brain functioning (Lorinczova et al., 2020). In fresh shoots of some
bamboo species, iron content ranges from 4.7 to 10 mg/100 g (Table 1).
Waikhom et al. (2013) reported iron content of 25.8 mg/100 g in
B. tulda which is higher than most commonly consumed vegetables such
as pea, tomato, potato, onion, beans, cabbage and cucumber (Table 2).
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Table 3
Changes in total macro and micro mineral content (mg/100 g dry weight) during different processing methods in the edible shoots of some bamboo species. (Saini et al., 2017; Rawat, 2017)
Species K P Mg S Ca Si Na Ni Cu Fe Zn Mn
S 3700 + 50 530 + 30 180 + 20 250 +£ 10 240 £+ 20 110+ 0.8 30+1.4 09+0.1 2.8+ 0.6 7.2+0.8 6.6 + 0.4 1.9+0.1
Bambusa balcooa B 2700 + 40 440 + 40 120 £ 10 210 + 10 230 + 30 100 + 0.8 20+ 1.2 0.8+0.1 2.0+ 0.4 6.8+ 0.6 6.0 £ 0.4 1.4+0.1
Fr 3520 + 40 360 + 20 120 £10 200 + 10 160 £ 10 120 £ 1.2 30+1.4 0.8+0.1 2.6 £0.6 8.2+0.8 5.6 +0.4 09+0.1
S 3810 + 50 590 + 40 190 + 20 290 + 20 210 £+ 20 90 +0.8 30+1.4 0.4+0.1 2.7 +0.6 7.0+0.8 10 £ 0.8 2.8+0.2
B. bambos B 2770 + 30 370 + 20 140 £ 10 240 + 10 230 + 20 80 +0.8 20+ 1.2 0.6 £0.1 1.7 +£0.4 5.9+ 0.6 7.7 £0.8 2.0 +£0.2
Fr 3370 £+ 50 350 + 20 120 £10 200 + 10 180 + 20 90 +£0.8 30+1.4 0.6 +0.1 24+0.6 8.0+ 0.8 9.4+ 0.8 1.94+0.2
S 4120 + 60 520 + 40 190 + 20 290 + 20 200 + 20 110+ 0.8 60+ 1.8 0.6 +£0.1 2.5+0.6 9.4+0.8 6.0+ 0.8 6.2+ 0.6
B. nutans B 3530 + 40 430 + 40 140 £ 10 240 +£ 10 130 £ 10 110+ 0.8 - 0.5+0.1 22+0.4 10.6 + 1.0 45+0.4 -
Fr 4500 + 60 410 + 40 160 £+ 10 230+ 10 120 £ 10 130 £ 1.2 60 +1.8 0.6 +0.1 2.6 £0.6 12+1.2 5.4+ 0.4 3.5+0.6
S 3320 + 50 530 + 40 180 + 20 270 £+ 20 190 + 20 120+ 1.4 20+ 1.2 0.8+0.1 29+0.6 7.4+0.8 7.2+0.8 1.2+£0.2
Dendrocalamus giganteus B 2790 + 30 490 + 30 160 + 10 250 + 10 170 £ 10 110+ 0.8 20+ 1.2 0.7+0.1 2.7+ 0.6 7.2+0.8 6.8 +0.4 1.1+0.2
Fr 2310 + 30 260 + 20 100 £ 10 190 + 20 180 + 20 110 £ 0.8 50+ 1.8 0.9+0.1 3.3+08 6.9+ 0.6 8.6 +0.8 0.8+0.2
S 4810 + 50 560 + 30 190 + 20 290 + 20 230 £+ 20 170 + 1.8 40+ 1.2 0.6 £0.1 2.8+ 0.6 7.1+0.8 7.3+0.8 1.0£0.1
D. hamiltonii B 4790 + 60 540 + 40 170 £ 10 220 +£10 210 +£10 150+ 1.2 30+1.4 0.7+0.1 2.0+0.4 5.6 £ 0.6 6.2+ 0.4 1.0+0.1
Fr 3980 + 40 380 + 20 130 £10 210+ 10 130 £ 10 140 £ 1.2 50+ 1.8 0.8+0.1 25106 7.4+£0.8 6.8 + 0.4 0.8+0.1
S 3930 + 40 530 + 40 160 £+ 10 250 + 10 180 + 20 110 £ 0.8 60 +1.8 0.9+0.1 1.94+0.2 6.2+ 0.6 7.8+ 0.8 6.4+ 0.6
D. latiflorus B 3400 + 40 420 + 40 150 £ 10 220 £ 10 120 £ 10 110+ 0.8 30+1.4 0.7+£0.1 1.7 £0.2 9.1+1.0 7.3+0.8 5.3+0.6
Fr 3280 + 40 350 + 20 110 £ 10 210 £ 10 110 + 10 150 + 1.4 50+1.8 09+0.1 1.8+ 0.2 7.7 £0.8 7.9+0.8 1.5+0.1
S 4730 + 50 540 + 30 180 £ 20 240 + 10 280 + 20 140 £ 1.4 80 £ 2.2 0.8+0.1 2.6 £0.6 6.6 +£ 0.6 6.2+ 0.4 1.24+0.1
D. membranaceus B 4430 + 60 580 + 40 180 + 20 230 £+ 20 210 £+ 20 120+ 1.2 60+ 1.8 09+0.1 22+0.4 6.5+ 0.6 7.0+0.8 1.1+0.1
Fr 5550 + 70 560 + 30 190 + 20 230 £ 10 160 + 10 140+ 1.4 90 £ 2.2 09+0.1 224+04 6.7 £ 0.6 7.9+0.8 0.9 £0.1
S 4010 + 30 440 £+ 20 190 + 20 280 + 20 250 + 20 100 £ 1.2 80 £ 2.2 0.8+0.1 25+0.6 8.6 +0.8 5.8+ 0.4 26+0.1
D. sikkimensis B 3320 + 40 320 £ 20 140 £ 10 250 + 20 150 + 10 100+ 1.2 0 0.6 £0.1 23+0.4 9.8+0.8 42+04 -
Fr 4330 + 50 370 £ 20 150 + 10 240 £+ 20 130 £ 10 120+ 1.2 60 +1.8 0.8+0.1 25+ 0.6 14 £ 0.8 5.1+0.4 21+0.1
S 5750 + 60 890 + 30 210 £ 10 390 £ 10 190 + 10 70 £0.8 20+ 1.2 0.5+0.1 3.1+0.8 85+0.8 9.8 +0.8 8.4 +0.8
Phyllostachys mannii B 5710 + 60 870 + 40 210 £ 20 330+ 10 180 £ 10 60 +0.8 10 +1.2 0.8+ 0.1 25+0.6 8.4+0.8 10+ 0.8 7.6 +0.8
Fr 5380 + 60 860 + 30 190 + 20 310 £+ 20 120 + 10 60 +0.8 70+ 1.8 09+0.1 25+0.6 9.1+1.0 45+0.4 8.2+0.8

Data are presented in mean values + Standard deviation (n = 3).
Note: ‘- signifies ‘not detected’; S - 12 hrs soaked, B - 20 min. boiled, Fr - 3 months fermented
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Fig. 2. Effect of different drying methods on the macro and microelements (mg/100 g dry weight) in shoots of some bamboo species. A (i-ii). Sun dried macro and
micro-element; B (i-ii). Oven dried macro and micro-element; C (i-ii). Freeze dried macro and micro-element (Rawat, 2017).

Table 4
Comparative account of various mineral elements in fermented shoots from different parts of North East India (mg/100 g).
Fermented K P Mg Ca Na Fe Zn Cu Mn Reference
Shoots
Eup 1331 - 288 - 343 90 312 38 119
Soibum 1345 - 253 - 175 1.0 25 14 39
Hecche 1336 - 358 - 483 55 63 9.0 48 )
Hirring 1457 . 346 ; 566 245 77 17 34 Sonar et al. (2015)
Soidon 1435 - 314 - 265 68 49 6.6 15
Ekung 1272 - 285 - 218 76 39 11 19
Jati - 10.41 - 1490 - 2.3 - - -
Kako - 15.99 - 1689 - 2.36 - - - Sharma and Barooah (2017)
Bhuluka - 10.75 - 2007 - 1.72 - - -

Note: ‘- signifies ‘not mentioned’

Feleke (2013) reported a significant difference in the iron content of
A. alpina shoots collected from different locations in Ethopia. Shoots
collected from the Marsha region had the highest amount of iron
(14.7 mg/100 g) as compared to the Injibara and Tikur Incheny region.
Iron content was higher in the upper part (5.21 mg/100 g) of the shoots
of Y. alpina as compared to the lower portion (3.81 mg/100¢g) as

reported by Karanja et al. (2015). Elangbam (2006) reported iron con-
tent in the shoots of B. polymorpha (4.16 mg/100 g). In processed shoots,
fermentation was reported to be the best method for retention of highest
amount of iron in bamboo shoots (Saini et al., 2017; Rawat, 2017; Bajwa
et al., 2019; Devi, 2018). Sun drying is the most efficient method for
retaining iron content in B. balcooa, D. giganteus, D. hamiltonii, D.
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membranaceous and P. manii (Fig. 2).

3.2. Zinc

Zinc deficiency is a global nutritional problem, particularly in chil-
dren and women living in low- and middle-income countries where the
diets are mostly cereal based which reduce absorption of zinc from the
intestine (Roohani et al., 2013). This indispensable element is present in
adequate amount in shoots of different bamboo species. In fresh shoots,
the highest amount of zinc content was reported in A. alpina
(21.07 mg/100 g) (Feleke, 2013). In nineteen species analyzed by Saini
etal. (2017) and Devi (2018) zinc content ranges from 6 to 10 mg/100 g
with B. bambos, M. baccifera and P. manii having the highest content
(Table 1). This is much higher than the zinc content in vegetables like
potato, bean, cabbage, cucumber and carrot which have less than
1 mg/100 g (Table 2). Furthermore, a significant difference was found
between the upper and lower portion of the shoot. Upper portion was
reported to have highest (1.2 mg/100 g) amount of zinc as compared to
the lower part (0.37 mg/100 g) (Karanja et al., 2015).

3.3. Copper

Copper, an essential trace element is a cofactor of many enzymes and
is involved in many biological systems including antioxidant defense,
neuropeptide synthesis, immune function and is necessary for iron
metabolism (Bhattacharya et al., 2016). In fresh bamboo shoots, the
highest amount of copper was reported by Christian et al. (2015) in
shoots of P. rubromarginata (14 mg/ 100 g). Analysis of shoots of some
species revealed that D. giganteus had highest copper content (Table 1). A
slight difference was reported in copper content between the older and
the younger part of the shoot (Karanja et al., 2015). When estimated on
fresh weight basis, shoots of B. polymorpha showed highest
(1.08 mg/100 g) copper content (Elangbam, 2006) while, least amount
(0.16 mg/100 g) was recorded in the shoots of D. hamiltonii and
D. membranaceous (Nirmala et al., 2007; Elangbam, 2006). Bajwa et al.
(2019) reported a remarkable decrease in the copper content after
fermentation (8%) and boiling (29%) whereas no significant difference
was noticed in brine preserved shoots of D. hamiltonii. Nirmala et al.
(2008) also reported reduction in copper content in the fermented
(0.42 mg/100 g) and canned shoots (0.22 mg/100 g) as compared to
fresh shoots (0.56 mg/100 g) of D. giganteus.

3.4. Manganese

In fresh bamboo shoots, the amount ranges from 1.2 to 9.7 mg/100 g
with the highest recorded in B. nutans (Table 1). Biologically, manganese
is an important component of many enzyme systems which are involved
in the metabolism of carbohydrates, fats, and proteins and is a compo-
nent of metalloenzymes such as superoxide dismutase, arginase and
pyruvate carboxylase (Haugen et al., 2019). On fresh weight basis,
highest amount was reported (0.94 mg/100 g) in B. bambos shoots
collected from Koppa region (Chandramouli and Viswanath, 2015) and
least amount was found in shoots of D. hamiltonii (0.16 mg/100 g)
(Elangbam, 2006). Bajwa et al. (2019) conducted a study on
D. hamiltonii and reported that maximum content was retained by fer-
mented shoots (8.30 mg/100g) followed by boiled shoots
(5.60 mg/100 g) and brine preserved shoots (3.0 mg/100 g) compared
with the fresh form (9.00 mg/100 g). This trend of reduction was also
observed by Nirmala et al. (2008) who reported that manganese content
was equal for the fresh (3.42 mg/kg fresh weight) and fermented shoots
(3.42 mg/kg fresh weight) but lower for the canned shoots (2.40 mg/kg
fresh weight) in D. giganteus. When different fermented forms were
compared, results revealed that Eup was high in Manganese followed by
hecche, soibum, hirring, ekung and soidon (Sonar et al., 2015).
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3.5. Nickel

Nickel content was estimated in some bamboo species and the
observed range was 0.7 to 1.2 mg/100 g (Table 1). The highest amount
of nickel was reported in fresh juvenile shoots of C. capitatum and
D. latiflorus (1.2 mg/100 g) and lowest in shoots of six species (0.7 mg/
100 g) when estimated on dry weight basis. According to a study by
Elangbam (2006), G. rostrata had high nickel content (1.56 mg/100 g)
whereas B. tulda shoots showed a low content (0.48 mg/100 g) when
analyzed on fresh weight basis. Nirmala et al. (2007) reported a slight
decrease in nickel content with increase in the age of the shoots. How-
ever, after processing, a significant change was not observed in nickel
content of the shoots (Table 3). Nickel is an essential component of the
enzyme urease, which is involved in the decomposition of urea to
generate ammonia. The nutritional importance or biochemical function
of nickel in humans has not been clearly established (Cunningham,
2017). Nickel causes toxicity when exposed in excess but its depletion
leads to several diseases that are caused by human pathogens that rely
on nickel-based enzymes to colonize the host (Zambelli and Ciurli,
2013).

3.6. Selenium

Literature on the selenium content of bamboo shoots is scanty. This
may be because selenium is not detected by many analytical methods
such as WDXRF which is the most widely used method for mineral
detection in bamboo. Selenium is an essential trace element, which acts
as a co-factor for an enzyme, glutathione peroxidase which is a well-
known antioxidant that counteracts cellular oxidative destruction. The
dietary recommended intake is 55 pg/day (Zoidis et al., 2018). So far,
the selenium content has been estimated in the shoots of about 14
bamboo species including B. bambos, B. kingiana, B. nutans,
B. polymorpha, B. tulda, B. vulgaris, D. asper, D. giganteus, D. hamiltonii,
D. brandisii, D. membranaceous and D. strictus with highest value
(6.80 mg/100 g, fresh weight) in shoots of D. hamiltonii (Sood et al.,
2013) and the lowest (0.0001 mg/100 g, fresh weight) in the shoots of
B. nutans (Elangbam, 2006). Nirmala et al. (2008) estimated the sele-
nium content in fermented and canned shoots of D. giganteus and re-
ported that canned shoots retained more selenium compared to the
fermented form.

4. Mineral elements in bamboo shoot fortified food products

The importance of mineral elements in human nutrition has been
well recognized for the maintenance of certain physiochemical pro-
cesses and also to prevent nutrition related diseases (Soetan et al., 2010).
According to the World Health Organization, an estimate of more than 2
billion people mostly from developing countries are facing multiple
micronutrient deficiencies. Food fortification is one of the effective
strategies to prevent micronutrient deficiencies through existing food
delivery systems, without requiring major changes in existing con-
sumption patterns and has been practiced in many developed countries
(Alina et al., 2019; Okeyo, 2018). In addition, it is the cheapest, most
efficient and effective way to reach large populations with essential
micronutrients and can be regarded as the best food-based approach for
solving the nutritional problems, especially in developing countries
(Dary and Hurrell, 2006). It has been acknowledged by WHO and FAO
that micronutrient deficiency of more than two billion people is caused
by dietary deficiency of vitamins and minerals. The most efficient way of
providing vitamins and minerals is fortification using these substances
in popular consumer food products such as flour and bakery products.
Ongoing research suggests that micronutrient-rich foods provide a range
of antioxidants and probiotic substances that are important for protec-
tion against selected noncommunicable diseases and for enhancing im-
mune function. To overcome deficiency, calcium is used in the form of
calcium carbonate, calcium lysinate and tricalcium phosphate for
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fortifying rice extrudates and noodles, crackers, biscuits and yogurt
(Alina et al., 2019). Silicon supplementation in animals and humans has
been shown to increase bone mineral density and improve bone strength
(Price et al., 2013). It also improves calcium incorporation in bone as
indicated by studies in mice. Bamboo shoots in fresh, boiled, fermented
extracts, paste and dried powdered form can be used to fortify foods
which are naturally lacking or low in silicon levels including meat
products. Nowadays, there are various silica supplements offered in
market either in tablet or solution form, one such commercially avail-
able liquid silicon nutritional supplement is Monomethylsilanetriol
(MMST) or CH3-Si-(OH)3 (Aguilar et al., 2009; Rawat et al., 2018).
However, plant-based foods provide more silicon than any other source
and are more suitable for human consumption due to its higher
bioavailability (Tripathi et al., 2017). Selenium is used to fortify food
products such as yogurt but the most significant is the fortification of
cooking salt that reduced the prevalence of Keshan disease in China
(Cheng and Qian, 1990).

The quest for finding suitable natural ingredients to make popular
healthy food items is gaining momentum. The concern for healthy diets
and costs effective health care among people has prompted the food
industry to search for plants rich in nutrients and have nutraceutical
properties and desirable functional characteristics. Bamboo shoots have
been frequently assessed for various bioactivities due to their nutritional
and therapeutic importance and overall application in the food industry.
The juvenile bamboo shoot being rich in nutrients, health promoting
bioactive compounds, vitamins, amino acids and minerals plays a sig-
nificant role in maintaining good health and has the potential to nourish
malnourished people to combat hidden hunger of the world population
(Nirmala et al., 2011; Santosh et al., 2019). Bamboo shoot is gaining
popularity worldwide as healthy and nutritious food as it is low in fat
and calories and rich in edible fiber and mineral elements mainly
manganese, potassium, zinc, calcium, copper, chromium, iron, phos-
phorus and selenium (Shi and Yang, 1992; Nirmala et al., 2007).
Recently, bamboo shoot has been used for the production of several
value-added products such as pickles candies, nuggets, crackers,
chutney, chips, cookies, chappatis, buns, biscuits, noodles and namkeen
(Pandey et al., 2012; Bisht et al., 2012; Mustafa et al., 2016; Sood et al.,
2013; Choudhury et al., 2012; Santosh et al., 2019). However, detailed
analysis of mineral content in most of these fortified products have not
been conducted. These products have been analyzed for their sensory
and nutritional qualities. Results showed that bamboo shoots improved
their nutritional and organoleptic qualities. Similarly, other products
such as pork nuggets, chicken nuggets, pork pickle, chips, and biscuits
have been prepared, using fresh or fermented shoots of different bamboo
species such as B. auriculata, B. bambos, B. tulda, B. polymorpha, B. bal-
cooa, B. vulgaris, D. asper, D. strictus (Das et al., 2013; Chavhan et al.,
2015; Thomas et al., 2014; Thomas et al., 2016). When these products
were analyzed for their nutritional and organoleptic qualities, it was
found that products containing fresh or fermented bamboo shoots
revealed significantly higher mean sensory scores in terms of flavor,
texture, juiciness and overall acceptability. Pandey et al. (2012)

Table 5
Macro and microelements content of bamboo shoot fortified products.
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estimated some macro mineral elements through AOAC (1990) in
bamboo products of nugget, papad and pickle with different formula-
tions utilizing brine treated boiled shoots of B. bambos, B. tulda, D.
strictus and D. asper (Table 5). Santosh et al. (2018) also investigated the
mineral content of freeze-dried bamboo shoot powder fortified biscuits
and reported that fortified biscuits are significantly high in potassium
(373 mg/100 g dry weight) as compared to the control biscuits
(161 mg/100 g dry weight). Similarly, mineral content in biscuit forti-
fied with fresh, boiled and soaked bamboo shoots showed significantly
higher content as compared to the control biscuit (Santosh et al., 2019).
Pandey et al. (2012) reported potassium content ranging from
1.15-1.80 g/100 g in bamboo shoots fortified products such as nugget,
papad, and pickle utilizing different bamboo species.

Bamboo shoot fortified biscuits have been developed using shoots of
D. hamiltonii that was boiled for 20 min and oven-dried for 24 hrs
(Santosh et al., 2019). Results showed a significant increase in the
mineral content, both macro and microelements of fortified products as
compared to the control products. The highest increase was seen in the
potassium content of the products. In biscuits, potassium content
increased by 130%, phosphorus 14%, sulphur12%, magnesium 40%,
calcium 32% and iron 10%. Meetei (2019) analyzed mineral content in
namkeen and noodles fortified with bamboo shoots (Table 5). Sensory
analysis revealed that the fortified, products viz. biscuit, namkeen and
noodles with 20 min boiled shoots had highest overall acceptability
compared to control and products fortified from unprocessed shoots and
24 hr soaked shoots (Fig. 3). The level of both macro and microelements
was enriched in all the fortified products indicating that bamboo shoots
have a great potential for usage in food fortification for common
consumable food products thereby providing nourishment to malnour-
ished population and help in mitigating hidden hunger. In addition,
bamboo shoots can be incorporated in traditional gastronomies as well
as in contemporary foods such as yogurt, spreads, cheese, margarine,
mayonnaise, milk, chocolate bars, baked goods and meat products.
Bamboo shoots have got potentials to prevent micronutrient associated
deficiency diseases and can be utilized as an additive in general diet and
their preparation and supplementation in other foodstuffs which are
deprived of one or more essential micronutrients as well as in pharma-
ceuticals to substantively improve bioavailability and absorption, which
is an effective approach to combat the growing prevalence of hidden
hunger.

5. Conclusion

Bamboo shoot being rich in macro and micro minerals has the po-
tential to prevent malnutrition and combat hidden hunger which is
presently a matter of great concern. Although required in small quan-
tities, mineral elements are indispensable to the maintenance of life.
Bamboo shoots and shoot fortified food products are a good source of
potassium, manganese, iron, calcium, chromium, zinc, selenium and
phosphorus. Selenium, zinc, copper, iron, and manganese in shoots have
a significant influence on the activity of antioxidant enzymes. The

Macro-element (g/100 g)

Micro-element (mg/100 g)

Processed form/ Species Product Reference
P S Na Cl Mg Ca Si Zn Fe Mn Cu Ni

Brine treated boiled shoot of Nugget 116 024 - 208 - 0.22 018 - ) ) ) . Pandey et al.

D. strictus. D. asper. B. tulda Papad 1.15 0.24 - 1.72 - 0.16 0.16 - - - - - (2012)

: » . 4Sper 5. Pickle 1.80 0.20 - 3.50 - 0.22 0.16 - - - - -

Freeze-dried powder of boiled Biscuit 037 011 014 014 021 003 007 003 170 470 157 - 180 Santoshetal

D. hamiltonii shoot (2018)

. R - Santosh et al.
Boiled shoots of D. hamiltonii Biscuit 0.18 0.08 0.13 0.15 0.15 0.03 0.04 0.03 1.17  3.58 0.85 (2019)
Boiled shoots of D. hamiltonii Namkeen 0.32 0.14 0.12 0.96 1.74 0.05 0.04 0.02 1.63 3.86 0.83 0.93 0.55 Meetei (2019)
Boiled shoots of D. hamiltonii Noodles 0.23 013 013 - 0.09 0.05 0.03 0.01 1.11 3.72 073 063 0.15 Meetei (2019)

Note: ‘- signifies ‘not mentioned’
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Fig. 3. Radar chart depicting the sensory acceptability of different formulations of oven dried powder of bamboo shoot fortified biscuit. CB — control biscuit; UB —
unprocessed shoot fortified biscuit; BB — 20 minutes boiled shoot fortified biscuit; SB — 24 hour-soaked shoot fortified biscuit. The highest acceptability was shown

with the black line radar of BB (Meetei, 2019).

current research on bamboo is leading to the emergence of new avenues
to utilize different parts of bamboo especially bamboo shoots for the
production of novel food products to combat micronutrient deficiency
that is widely prevalent especially in the developing countries.
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