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ABSTRACT: Bamboo shoot, a neglected and less known traditional delicacy is gaining popularity for health promoting 
properties; generally consumed fresh but requires processing to remove acridity, improve palatability and for long term 
preservation, however processing affects the nutrient and phytochemical composition. In this study, fresh, processed 
(boiled, soaked and fermented) and six months stored shoots of Bambusa balcooa and B. bambos were analysed for 
macro and micromineral elements by using wavelength dispersion X-ray fluorescence spectrometry. Results depicted the 
presence of eight macrominerals (P, K, Ca, Mg, S, Cl, Na, Si) and five micromineral elements (Mn, Zn, Fe, Cu, Ni). 
Envisioning all treatments, boiling and six months storage reduced significantly (p<0.05) nearly all macromineral 
elements while minimally the micromineral elements. Soaking was apropos relatively as it retained maximum content of 
K (64-87%), P (80-95%), Mg (83-86%) and increased Ca, Na and S while unaltering Zn and Cu content. With 
fermentation, micromineral elements were better retained or negligible change was observed.  
 
KEYWORDS: Bamboo shoots, Macromineral, Micromineral, Processing, Storage.  
 

I. INTRODUCTION 

Hidden hunger is one of the most prevalent challenges of 21st century which is ascribed to inadequacy of vitamins 
and minerals that often remain less noticeable than macronutrient deficiencies such as protein and calories. Presently, 
around two billion people are lacking in one or more micronutrients which is more than double to 795 million 
undernourished people [1]. Minerals in the food are the naturally existing indispensable chemical elements which are 
critical for metabolism and normal functioning of muscles, heart, nerves, bones and bodily fluids and therefore crucial for 
maintaining human health and well-being [2,3]. Several edible wild, underutilized and neglected plants have high 
nutritional value and are reported to enrich health by providing micronutrients, vitamins and health promoting secondary 
metabolites [4,5]. Bamboo is one such neglected plant in terms of food though it is rich in nutrients and bioactive 
compounds. Since centuries, bamboo is used in ancient Chinese, Indian Ayurveda, Tibetan and various traditional system 
of medicine for a number of ailments [6,7]. Bamboo shoots, newly emerging edible buds of bamboo plant, are one such 
vegetable that is used as traditional delicacy and have grossed an ample cognizance globally due to occurrence of 
nutrients and various active phytochemicals which are proven to have functional activities and thus are associated with 
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promotion of health and disease prevention [8,9]. Before consumption, edible shoots of most of the bamboo species in 
conventional food regime usually undergo one or more form of processing to remove the toxic cyanogenic glycosides to 
make them more palatable. Moreover, the young shoots have a very short shelf-life of 3-4 days due to which they need to 
be processed for long term preservation. Fresh shoots are the most delicious and nutritious and preferred by consumers, 
but they are also consumed in pickled, fermented, canned, roasted, boiled, salted forms and incorporated in numerous 
indigenous and contemporary dishes in different parts of the world. In the fresh form of bamboo shoots, analysis of 
macro and micromineral elements have been worked out in few species by some authors [10,11,12,13]; however, 
fragmented data is available only in boiled shoots [14,15] and there are no such reports of stored shoots. In the present 
study, an advanced technique, wavelength dispersion X-ray fluorescence spectrometry (WDXRF) has been used for 
detailed exploration and analysis regarding the impact of various processing techniques and storage on the elemental 
profile of shoots of two Bambusa species. The genus Bambusa Schreber is a member of family Poaceae comprising 
approximately 140 species worldwide [16] and 38 species in India [17], shows sympodial habit, are habitant of 
subtropical and tropical regions and native to Indian subcontinent [18].  

WDXRF is gaining popularity in recent years as it gives prospect for analysing multiple elements together in a short 
time frame [19]. Moreover, XRF method is advantageous above conventional spectroscopic techniques by escaping 
intricate sample preparation, digestion and destruction [20,21]. In recent years, XRF has been used for analysing various 
food materials by several authors [19,22,23,24] but mineral composition in bamboo shoots has not been evaluated 
previously by this method. It is for the first time that WDXRF is being used to evaluate the mineral profile of fresh, 
processed and stored bamboo shoots. 

 
II. MATERIAL AND METHOD 

 
II.1. Material 
Juvenile shoots of the two selected species viz. Bambusa balcooa Roxb. and Bambusa bambos Voss were collected from 
the populations maintained at P. N. Mehra Botanical Garden of Panjab University, Chandigarh (30.75° N, 76.76° E) and 
Institute of Himalayan and Bioresource Technology, Palampur, Himachal Pradesh (32.11° N, 76.53° E). Collection of 
shoots was done in the months of July and August for three consecutive years i.e. 2014-2016 and was harvested after 10-
14 days of their emergence from the underground rhizome. In laboratory, harvested shoots were washed and outer culm 
sheaths were discarded along with the inedible tip and hard basal portion. 
II.2. Processing Methods 
Processing methods used in current analysis were boiling, soaking, fermentation, refrigerated storage in water and brine 
for six months.  
II.2.1. Boiling and soaking 
Shoot samples were cut into cubes and boiled for 20 minutes and soaked for 12 hours in water. The above duration of 
treatments were selected by considering our preliminary work [25] on bamboo shoots as these were best for nutrients and 
phytochemical retention and anti-nutrient depletion.  
II.2.2. Fermentation 
For fermentation, shoots were chopped into thin slices and then squeezed compactly in clean muslin cloth. These were 
then put into small jars and kept under pressure by putting weight above samples and left for 15-25 days at room 
temperature 25 ± 2 °C. Shoots were hand pressed at regular intervals for removal of exudates coming out from the shoots 
during the process. The particular aroma and softness of shoot tissue confirmed the completion of fermentation. 
II.2.3. Refrigerated storage 
Before storage, the shoots of both bamboo species were cut in large pieces and boiled for 20 minutes. After boiling, the 
shoots were cooled at room temperature before storage and then packaged in autoclaved glass bottles with pre-sterilized 
5% (w/v) brine and water. The containers were then covered tightly and stored for six months in refrigerator at 4 °C.   
II.3. WDXRF sample preparation 
All the samples were kept in deep freezer at -20 °C for 24 hours, then the frozen samples were dried in Lyophilizer 
(LYOQUEST 55, Skadi, Europe) with 0.10 mbar vacuum pressure and -55 °C condenser temperature for 24 hrs. 
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Lyophilized samples were homogenized to fine powder with grinder to attain a particle size less than 50 μm. Then a 
pellet (34 x 4 mm diameter and thickness) was made by using hydraulic pressure (Insmart, Hyderabad) approximate 15 
tons with a standing time of 10 seconds.  
II.4. XRF analytical determination of mineral elements 
A commercial Wavelength Dispersive X-Ray Fluorescence spectrometer (S8 TIGER, Bruker, Germany) has been used 
which was controlled by software (Quant Express). Equipment was characterized with a rhodium X-ray tube; eight 
primary beam filters and six analyzer crystals (LiF200, LiF220, PET, XS55, XSN, XSC). Scintillation counter and gas 
proportional counter were implied for heavy elements and lighter elements respectively. Maximum power and current 
directed were 4kW and 170mA respectively. All measurements were carried out for about 20 min in individual sample. 
The standard reference materials used for calibration were apple leaves (1515), spinach leaves (1570a), tomato leaves 
(1573a) and peach leaves (1547). After WDXRF analysis; the quantified macro and micromineral elements of bamboo 
shoots were presented in mg/100g dry weight. Data were subjected to one way analysis of variance (ANOVA) using 
PASW statistics software version 18.0. Statistical difference was determined by using Duncan’s multiple range tests at 
significance level of p˂0.05. 
 

III. RESULTS 

The lyophilized samples of the edible shoots of two species of Bamboo viz. B. balcooa and B. bambos were analysed for 
mineral elements using wavelength dispersion X-ray fluorescence spectrometry. Various macro and micromineral 
elements were detected by using this technique. The X-ray fluorescence spectra for fresh shoots of B. bambos and B. 
balcooa depicting different peaks of these mineral elements are shown in Fig.1.  

 
Fig.1. X-ray fluorescence spectra of fresh shoots of A) B. bambos and B) B. balcooa 

III.1. Macromineral elements 
The macromineral elements and their concentration detected in the fresh, processed and six months stored shoots of both 
the species are given in table 1 which were found in descending sequence i.e. potassium (K)˃ chlorine (Cl) ˃ 
phosphorous (P) ˃ sulphur (S) ˃ magnesium (Mg) ˃ calcium (Ca) ˃ sodium (Na). Certain elements that showed higher 
variability after processing and storage are presented in Fig. 2 (B. balcooa and B. bambos) for P, Mg, Ca, S and Si.  
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Potassium: In the fresh shoots, K content was higher in B. bambos (5980 mg/100g) as compared to B. balcooa 
(4230 mg/100g). With processing, minimum loss after soaking i.e. 36.28% in B. bambos and 12.53% in case of B. 
balcooa and maximum after boiling in B. bambos (53.67%) as compared to B. balcooa (34.75%) was observed. Upon 
fermentation, the content decreased by 43.64% in B. bambos and 16.28% in B. balcooa. With six months storage, 
reduction was more prominent in brine preserved i.e. 64.06% in B. balcooa and 78.76% in B. bambos as compared to 
water (49.88% in B. balcooa and 64.88% in B. bambos) preserved shoots.  

Phosphorus: Phosphorous content in fresh shoots was more in B. bambos (750 mg/100g) than B. balcooa (560 
mg/100g). The content reduced significantly (p<0.05) with all processing treatments except soaking where no significant 
(p>0.05) change was observed in case of B. balcooa. Boiling and fermentation reduced the amount statistically (p<0.05) 
at higher rate by 51-53% in case of B. bambos and 21-35% in B. balcooa. With storage, phosphorous content was 
retained more in water as compared to brine preservation where it reduced by 44% in B. balcooa and 67% in B. bambos.   

Magnesium: In the unprocessed shoots, no significant difference in magnesium content was observed in B. balcooa 
(210 mg/100g) and B. bambos (230 mg/100g). Mg content declined minimally by 14-17% after soaking; however, a 
decline by 38-43% was noticed in all other processing and storage treatments in both species and the variation in their 
content was non-significant.  

Table 1.  Macromineral elemental content (mg/100g dry weight) in fresh, processed and six months stored edible 
shoots of B. balcooa and B. bambos 

Macromineral 
elements 

Species Fresh Processing Storage 
Soaked Boiled Fermented 

 
Water 

preserved 
Brine 

Preserved 

Potassium B. balcooa 4230 ± 70a 3700 ± 40b 2760 ± 50d 3520 ± 60c 2120 ± 30e 1520 ± 30f 
B. bambos 5980 ± 80a 3810 ± 50b 2770 ± 50d 3370 ± 60c 2100 ± 30e 1270 ± 40f 

Phosphorous B. balcooa 560 ± 30a 530 ± 10a 440 ± 10b 360 ± 20c 530 ± 30a 310 ± 20d 
B. bambos 750 ± 30a 590 ± 20b 370 ± 10c 350 ± 10c 570 ± 20b 250 ± 10d 

Magnesium B. balcooa 210 ± 10a 180 ± 20b 120 ± 10c 120 ± 10c 120 ± 10c 130 ± 20c 
B. bambos 230 ± 10a 190 ± 20b 140 ± 10c 130 ± 10c 130 ± 10c 140 ± 10c 

Calcium B. balcooa 180 ± 30b 240 ± 20a 230 ± 10a 160 ± 10a 240 ± 10a 210 ± 10ab 
B. bambos 190 ± 30b 210 ± 20b 230 ± 10b 180 ± 20b 280 ± 10a 260 ± 10a 

Sulphur B. balcooa 230 ± 10b 250 ± 10a 210 ± 10c 200 ± 10c 260 ± 20a 210 ± 20c 
B. bambos 260 ± 10b 290 ± 10a 240 ± 10c 250 ± 10bc 280 ± 20a 230 ± 20c 

Silicon B. balcooa 150 ± 10a 110 ± 00bc 100 ± 00c 120 ± 10b 80 ± 10d 70 ± 10d 
B. bambos 130 ± 10a 90 ± 00b 80 ± 00c 90 ± 00b 70 ± 10c 70 ± 10c 

Sodium B. balcooa 20 ± 00c 30 ± 00b 20 ± 00c 20  ± 00c 40 ± 00a 18450* ± 210 
B. bambos 20 ± 00c 30 ± 00b 20 ± 00c 30 ± 00b 40 ± 00a 19230* ± 260 

Chlorine B. balcooa 1220 ± 40a 900 ± 30c 720 ± 30d 810 ± 40c 1100 ± 50b 24240* ± 280 
B. bambos 1530 ± 40a 1060 ± 30d 1390 ± 30b 1070 ±40d 1300 ± 40c  24780* ± 310 

Data are presented in mean values ± Standard deviation (n=3). Values with different letters superscript in each row indicates significant differences 
(p<0.05) among processing and storage treatments for individual species.  
* Shows exceptionally higher values of Sodium and Chlorine as NaCl was used as preservative 

Calcium: In fresh shoots, calcium content was observed to be 190 mg/100g and 180 mg/100g in B. bambos and B. 
balcooa respectively. Ca content increased by 10-47% with all processing treatments except fermentation where it 

http://www.ijirset.com


  
                       
                     
 
                     ISSN(Online) : 2319-8753 

                                                                                                                                                                     ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Website: www.ijirset.com 

Vol. 6, Issue 5, May 2017 
 

Copyright to IJIRSET                                                               DOI:10.15680/IJIRSET.2017.0605167                                           8266 

          

decreased by 5-11%. In both the species, significant increase (p<0.05) in content by 33-47% after water storage and 16-
33% after brine storage for six months was observed.  

Sodium: Na content was 20 mg/100g in both the species. Na content in the bamboo shoots remained unchanged 
after boiling but showed 50% increase after soaking and fermentation in both the species. With water storage, two fold 
increase in content was observed whereas exceptionally higher content in brine preserved shoots, as table salt (NaCl) was 
added as preservative in this case. 

Chlorine: In unprocessed shoots, Cl content was significantly higher in B. bambos (1530 mg/100g) than B. balcooa 
(1220 mg/100g). The content was significantly (p<0.05) reduced with all processing treatments with maximum upto 41% 
after boiling in B. balcooa and 31% after soaking in B. bambos. With fermentation, decrease in chlorine content was 
almost at par i.e. upto 30-33% in the shoots of both the species.  

Sulphur: Sulphur content was 260 mg/100g in B. bambos and 230 mg/100g in B. balcooa in fresh shoots and was 
increased significantly (p<0.05) by 9-11% after soaking and 8-13% after storage of both shoots in water for six months. 
However, the content decreased slightly by 4-13% with boiling, fermentation and brine storage.  

Silicon: B. balcooa contained higher (150 mg/100g) Si content than B. bambos (130 mg/100g) in unprocessed 
shoots but it reduced significantly (p<0.05) at the rate of 33-38% after boiling in both the species. The content lowered 
by around 31% after soaking as well as fermentation in B. bambos shoots, whereas by 20-27% in B. balcooa. Storage in 
both brine and water retained similar (p>0.05) amount of Si i.e. 53.84% in B. bambos and 46.66-53.33% in B. balcooa. 

  
Fig. 2.  Variation in five macromineral element’s content after different processings and six months storage (water and brine preservation) in shoots of 

B. balcooa and B. bambos 

III.2. Micromineral elements  
The detected micromineral elements (Fe, Zn, Cu, Mn and Ni) and their quantity in the fresh shoots and variation after 
processing and six months storage in both the species are presented in table 2.   

Iron: Both the species shared almost same content (p>0.05) of iron (8.0-8.2 mg/100g) in fresh shoots, which 
displayed no variation upon fermentation as well as during storage in water and reduced at same rate with significant 
difference (p<0.05) of 12% in both after soaking. However, upon boiling B. balcooa retained more amount of Fe 
(82.92%) than to B. bambos (73.75%).  After six months storage in brine, commendable retention in Fe content upto 
72.50-76.82% in both shoots was observed. 

Zinc: B. bambos contained more Zn (10 mg/100g) in fresh shoots than B. balcooa (6.8 mg/100g) which remain 
stable after soaking in both the species. Boiling showed more loss of Zn i.e. 23% in B. bambos than 10% in B. balcooa 
from initial content. Besides, fermentation retained quite high content, about 94% (B. bambos) and 82% (B. balcooa). 
High Zn content was also maintained after water storage as 84% and 75% followed by brine storage as 81% and 63% in 
B. bambos and B. balcooa respectively. 
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Table 2.  Micromineral elemental content (mg/100g dry weight) in fresh, processed and six months stored edible 
shoots of B. balcooa and B. bambos 

Micromineral 
elements 

Species Fresh Processing Storage 

   Soaked Boiled Fermented Water 
preserved 

Brine 
preserved 

Iron B. balcooa 8.2 ± 0.1a 7.2 ± 0.1b 6.8 ± 0.0c 8.2 ± 0.2a 8.1 ± 0.1a 6.3 ± 0.1d 
B. bambos 8.0 ± 0.1a 7.0 ± 0.1b 5.9 ± 0.0c 8.0 ± 0.1a 8.0 ± 0.1a 5.8 ± 0.1c 

Zinc B. balcooa 6.8 ± 0.2a 6.6 ± 0.1a 6.0 ± 0.0b 5.6 ± 0.0c 5.1 ± 0.1d 4.3 ± 0.1e 
B. bambos 10 ± 0.0a 10 ± 0.0a 7.7 ± 0.0e 9.4 ± 0.1b 8.4 ± 0.1c 8.1 ± 0.1d 

Copper B. balcooa 2.6 ± 0.1a 2.8 ± 0.2a 2.0 ± 0.0c 2.6 ± 0.1a 2.1 ± 0.1c 2.3 ± 0.0b 
B. bambos 2.5 ± 0.1a 2.7 ± 0.1a 1.7 ± 0.0d 2.3 ± 0.0b 1.9 ± 0.1c 2.0 ± 0.0c 

Manganese B. balcooa 2.5 ± 0.0a 1.9 ± 0.0b 1.4 ± 0.1c 0.9 ± 0.0d 0 0 
B. bambos 3.6 ± 0.0a 2.8 ± 0.1b 2.0 ± 0.0c 1.9 ± 0.0d 0 0 

Nickel B. balcooa 0.9 ± 0.0a 0.5 ± 0.1c 0.8 ± 0.0b 0.8 ± 0.0b 0.8 ± 0.0b 0.8 ± 0.0b 
B. bambos 0.7 ± 0.0a 0.4 ± 0.1c 0.6 ± 0.0b 0.6 ± 0.0b 0.6 ± 0.0b 0.6 ± 0.0b 

Data are presented in mean values ± Standard deviation (n=3). Values with different letters superscript in each row indicates significant differences 
(p<0.05) among processing and storage treatments for individual species 

Copper: Cu content in the fresh shoots of both the species was almost similar 2.5-2.6 mg/100g. After soaking, there 
was a slight increase in both the species which was insignificant whereas, after boiling a significant loss (p<0.05) of 23% 
and 32% was observed in B. balcooa and B. bambos respectively. Fermentation caused no difference on B. balcooa 
shoots but marginally depleted the Cu content (2.3 mg/100g) in B. bambos shoots. Upon storage for six months, Cu was 
prominently retained by 80-88% in B. balcooa and 76-80% in B. bambos. 

Manganese: Mn content was estimated to be higher in fresh shoots of B. bambos (3.6 mg/100g) than B. balcooa 
(2.5 mg/100g). All processing treatments exerted noteworthy depletion (p<0.05) in Mn content but showed maximum 
retention after soaking (76-77%) followed by boiling (56%) in both the species. Fermentation in contrast to other 
elements caused high reduction in Mn, however preservation for six months excluded the element completely in both 
brine and water. 

Nickel:  Ni content was higher in fresh shoots of B. balcooa (0.9 mg/100g) than to B. bambos (0.7 mg/100g). It 
reduced slightly after boiling, fermentation and both storages (11-14%) but noticeably (p<0.05) after soaking (43-44%) 
in both species.  

IV. DISCUSSION 

With the steady rise in global population coupled with decreasing food production due to dependence on a few 
crops and neglect of many nutritionally rich edible plants, the world is not able to combat the greatest challenge: poverty, 
hunger and malnutrition which are the first three goals identified by UN for sustainable development  [26]. Majority of 
food requirement is fulfilled with a handful of crops and new food strategies need to be developed for not only increasing 
production, but also improve access to more nutritious food [4]. The food basket needs to be diversified to include 
numerous neglected and underutilized plants which are generally nutrient rich. Bamboo is one such neglected plant 
whose shoots can be used for consumption considering its high nutrient content and presence of health enhancing 
bioactive compounds. It is the fastest growing plant and grows well in marginal lands without much care and could help 
in alleviating malnutrition especially prevalent in the rural communities. However, before consumption, the young shoots 
should be processed to remove toxicity, diminish postharvest losses and to enhance the shelf life, palatability and 
consumability of the bamboo shoots. These practices are known to affect interactions among biochemical elements which 
may be either positive or negative depending on the processing conditions as well as type of vegetable [27]. The 
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bioavailability of minerals after processing and storage in bamboo shoots has remained unacquainted to the consumers. 
Current findings revealed high amount of macromineral elements viz. potassium, phosphorous; moderate incidence of 
calcium and magnesium with pioneer exploration of sulphur and silicon in the shoots of B. balcooa and B. bambos. With 
processing and storage treatments, concentration of most of the minerals declined while some get enriched or remain 
unaffected. Potassium, phosphorous and magnesium content in the bamboo shoots were reduced with all processing and 
storage treatments that may be attributed to percolating out of minerals into water, which were similar to the trend 
reported in other vegetables [28,29]. In former investigations, mineral content has been determined only after boiling in 
the shoots of  few bamboo species with a reduction range upto 23-62%  in K;  22-71% in P;  34-45% in Mg which 
corroborated the current observations [14,15,30]. The water based processes and storage augmented calcium, sodium and 
sulphur content in shoots which is possibly due to uptake and absorption of minerals by the tissues from the water [31], 
which requires further investigation. After boiling, elevation in calcium content in present findings was in agreement to 
the previous reports of Park and Jhon [15] in the shoots of Sinoarundinaria nigra and Phyllostachys pubescens. On the 
other hand, soaking reserved the maximum content of potassium, phosphorous and magnesium while elevating calcium, 
sodium and sulphur as compared to boiling and fermentation.  
Remarkably higher content of potassium, phosphorus, silicon and sulphur was observed in fresh shoots that were fairly 
maintained in processed and stored shoots. These elements provide a great assistance in multiple functionalities and 
potential in the body’s metabolism and homeostasis. K is a vital electrolyte for sustaining fluid equilibrium in cells and 
have defensive role against hypertension, kidney stones and osteoporosis [32]. Sulphur is anticancerous, lowers blood 
cholesterol and skin infirmities [33,34]. The presence of silicon in these two species is reported for the first time. This 
element is important as it is required for skeletal and connective tissue growth; is anticancerous, antidiabetic and 
antioxidant [35,36,]. Bamboo has the highest amount of silica content in the plant kingdom and is included in making 
several traditional medicinal products like “Tabasheer”, “Sitopaladi Churna” and “Chaywanprash” and modern 
nutraceuticals [7]. Phosphorous participate in genetic material formation and energy management as well as for 
development of strong bone and teeth and tissue repair [32,37]. 

Among micromineral elements, copper, zinc and iron were least affected and remained more stable with processing 
and storage. Among treatments, boiling as well as long term storage minutely diluted the proportion of all micromineral 
elements. However, no remarkable alteration in copper and zinc after soaking; and iron and copper after fermentation 
was noticed, while manganese and nickel considerably abated with both processes. With heat processing, release of 
micromineral elements viz. copper, zinc and iron in bamboo shoots in present study is comparable to the three other 
bamboo genera (Phyllostachys pubescens, Sinoarundinaria nigra and Oxytenanthera abyssinica) as reported by  Park 
and Jhon [15] and Hailu and Addis [30]. Although, there are no reports of impact of any processing on manganese and 
nickel content of bamboo shoots, a loss of 4-50% manganese has been observed in various other vegetables upon boiling 
due to its solubility in water [38].  Micromineral elements which were accessed in the present findings were iron, zinc, 
copper, manganese and nickel; among these elements, concentration of iron and zinc was dominant in both the studied 
species. These elements act as cofactor or catalyst for many enzymes which facilitate dynamic biochemical reactions in 
body, metabolise certain macromolecules, synthesize the modules of bone matrix and even interact with acquainted 
minerals antagonistically or synergistically thus affecting their activities [39,40]. Additionally, iron have pivotal role in 
haemoglobin synthesis and centre nervous system functioning [41]; Zn has antioxidant property and enhances the 
function of immune system, DNA replication, olfactory and taste senses [40,42]. Due to predominant deficiency of 
micromineral elements specifically iron and zinc in the world's population [37] these can be the targeted micronutrients 
in food fortification programs. Prevalence of these elements in the bamboo shoots can make it a prodigious processed 
produce for an effective intervention to improve the quality of staple food and furthermore to overcome their deficiencies.  

V. CONCLUSION 
 

Bamboo shoot, a conventional delicacy is now attaining an ample cognizance globally due to report of nutrients and 
various active phytochemicals based on research using advanced scientific techniques. Current findings revealed that the 
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shoots are rich in macromineral elements viz. potassium, phosphorous with moderate amount of calcium, magnesium, 
sulphur and silicon. Among micromineral elements, concentration of iron and zinc was dominant with moderate content 
of copper, manganese and nickel. Potassium, phosphorous and magnesium content in the bamboo shoots was curtailed 
with all processing and storage treatments. Soaking is the best method of processing for bamboo shoots as it retained the 
maximum content of K, P, Mg, Cu and Zn and elevated the content of Ca, Na and S while fermentation sustained iron 
and copper. Commendable amount of macro as well as micromineral elements were available after six months storage 
where water retained more content than brine. Envisaging mineral abundance, shoots have great prospective to prevent 
mineral associated deficiency diseases and can be used as supplement in general diet and their formulation and 
supplementation in other foods which lack in one or more essential mineral as well as in pharmaceuticals. This can 
substantially improve its absorption and bioavailability which is an efficacious approach to combat hidden hunger among 
populations. 

 
VI. ACKNOWLEDGEMENT 

 
Authors would like to acknowledge the financial assistance provided by Ministry of Food Processing Industries 
(18/MFPI/R&D/2010), Department of Biotechnology (BT/475/NE/TBP/2013), University Grant Commission (F7- 
151/2007), Govt. of India, New Delhi and Panjab University (2232/Bot), Chandigarh, India for the completion of this 
research work. The authors are also thankful to Mr. Tejbir Singh Bhamra (Incharge, WD-XRF Lab, SAIF/CIL, Panjab 
University Chandigarh) for his assistance.  
 

REFERENCES 
 

[1] Food and Agriculture Organization of the United Nations (FAO), “The State of Food Insecurity in the World”, 2015.  
[2] Shenkin, A., “The key role of micronutrients”, Clinical Nutrition, Vol.25, No.1, pp.1-13, 2006. 
[3] Ikewuchi, J. C., and Ikewuchi, C., “Comparative Study of the Mineral Element Composition of Some Common Nigerian Medicinal Plants”, 

Pacific Journal of Science and Technology, Vol.10, No.1, pp.362-366, 2009. 
[4] Baldermann, S., Blagojević, L., Frede, K., Klopsch, R., Neugart, S., Neumann, A., B. Ngwene, J., Norkeweit, D., Schröter, A., Schröter, F. J., 

Schweigert, M., Wiesner M. and Schreiner, M.  “Are Neglected Plants the Food for the Future?”, Critical Reviews in Plant Sciences, Vol.35, 
No.2, pp.106-119,  2016.  

[5] Adhikari, L., Hussain, A., and Rasul, G. “Tapping the Potential of Neglected and Underutilized Food Crops for Sustainable Nutrition Security 
in the Mountains of Pakistan and Nepal”, Sustainability, Vol.9, pp.291, 2017. 

[6] Ghosh, G. K., “Bamboo: The Woderfull Grass”, A.P.H. Publishing Corporation, New Delhi, 2014. www.fao.org 
[7] Nirmala, C., and Bisht, M. S., “Bamboo: A Prospective Ingredient for Functional Food and Nutraceuticals”, Proceedings of 10th World 

Bamboo Congress, Theme: Biology, Morphology and Taxonomy, Damyang, Korea, 2015. 
[8] Nirmala, C., Bisht, M. S., and Sheena, H., “Nutritional properties of bamboo shoots: potential and prospects for utilization as a health food”, 

Comprehensive Review in Food Science and Food Safety, Vol.10, pp.153–165, 2011. 
[9] Nirmala, C., Bisht, M. S., and Laishram, M., “Bioactive compounds in bamboo shoots: health benefits and prospects for developing functional 

foods”, International Journal of Food Science and Technology, Vol.49, pp.1425–1431, 2014. 
[10] Nirmala, C., David, E., and Sharma, M. L., “Changes in nutrient components during ageing of emerging juvenile bamboo shoots”, 

International Journal of Food Sciences and Nutrition, Vol.8, pp.612–618, 2007. 
[11] Waikhom, S. D., Bengyella, L., Sharma, C. K., Kumari, P., Somkuwar, B. G., Singh, M. W., and Talukdar, N. C., “Grappling the High 

Altitude for Safe Edible Bamboo Shoots with Rich Nutritional Attributes and Escaping Cyanogenic Toxicity”, BioMed Research International, 
Article ID 289285, pp.1-11, 2013.  

[12] Christian, A. L., Knott, K. K., Vance, C. K., Falcone, J. F., Bauer, L. L., Fahey, G. C., Willard, S., and Kouba, A. J., “Nutrient and mineral 
composition during shoot growth in seven species of Phyllostachys and Pseudosasa bamboo consumed by giant panda” Journal of Animal 
Physiology and Animal Nutrition, Vol.99, No.6, pp.1172-1183, 2015. 

[13] Ye, J., Su, Z., Lin, L., Zha, Y., Wang, M., and Yang, C., “Determination of Inorganic Elements Content and Distribution in Bamboo Shoots by 
Microwave Digestion and ICP-MS”, Journal of Agricultural Chemistry and Environment, Vol.5, pp.152-157, 2016. 

[14] Pandey, A. K., and Ojha, V. “Precooking processing of bamboo shoots for removal of antinutrients”, Journal of Food Science and Technology, 
Vol.51, No.1, pp.43-50, 2014. 

[15] Park, E. J., and Jhon, D. Y. “The Nutritional Composition of Bamboo Shoots and the Effects of its Fiber on Intestinal Microorganisms”, 
Korean Journal of Food Culture, Vol.28, No.5, pp.502-511, 2013. 

[16] Ohrnberger, D. “The bamboos of the world: annotated nomenclature and literature of the species and the higher and lower taxa”, (1st ed.) 
Amsterdam: Elsevier, 1999. 

http://www.ijirset.com
http://www.fao.org


  
                       
                     
 
                     ISSN(Online) : 2319-8753 

                                                                                                                                                                     ISSN (Print)  :  2347-6710 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Website: www.ijirset.com 

Vol. 6, Issue 5, May 2017 
 

Copyright to IJIRSET                                                               DOI:10.15680/IJIRSET.2017.0605167                                           8270 

          

[17] Sharma, M. L., and Nirmala, C., “Bamboo Diversity of India: An update”, Proceedings of 10th World Bamboo Congress, Theme: Biology, 
Morphology and Taxonomy, Korea, 2015. 

[18] Seethalakshmi, K. K., and Kumar, M., “Bamboos of India: A Compendium”, Kerala Forest Research Institute, Peechi, India and International 
Network for Bamboo and Rattan, Beijing, China, pp.31, 1998.  

[19] Noda, T., Tsuda, S., Mori, M., Takigawa, S., Matsuura-Endo, C., Kim, S. J., Hashimoto N., and Yamauchi, H., “Determination of the 
phosphorus content in potato starch using an energy-dispersive X-ray fluorescence method”, Food Chemistry, Vol.95, pp.632–637, 2006. 

[20] Vazquez, C., Barbaro, N., and Lopez, S., “XRF analysis of micronutrients in endive grown on soils with sewage sludge”, X-Ray Spectrometry, 
Vol.32, pp.57-59, 2003.  

[21] Margui, E., Hidalgo, M., and Queralt, I., “Multielemental fast analysis of vegetation samples by wavelength dispersive X-ray fluorescence 
spectrometry: Possibilities and drawbacks”, Spectrochimica Acta Part B, Vol.60, pp.1363-1372, 2005. 

[22] Al-Bataina, B. A.,  Maslat, A. O.,  and Al-Kofahi, M. M.,  “Element analysis and biological studies on ten oriental spices using XRF and 
Ames test”,  Journal of Trace Elements in Medicine and Biology, Vol.17, pp.85-90, 2003. 

[23] Kaymak, H. C., Guvenc, I., and Gurol, A., “Elemental analysis of different radish (Raphanus sativus L.) Cultivars by using wavelength-
dispersive X-ray fluorescence spectrometry (WDXRF)”, Bulgarian Journal of Agricultural Sciences, Vol.16, pp.769-774, 2010. 

[24] Hondrogiannis, E., Peterson, K., Zapf, C. M., Roy, W., Blackney, B., and Dailey, K., “The use of wavelength dispersive X-ray fluorescence 
and discriminant analysis in the identification of the elemental composition of cumin samples and the determination of the country of origin”, 
Food chemistry, Vol.135, No.4, pp.2825-2831. 2012. 

[25] Rawat, K., Sharma, V., Saini, N., Nirmala, C., and Bisht, M. S., “Impact of Different Boiling and Soaking Treatments on the Release and 
Retention of Antinutrients and Nutrients from the Edible Shoots of Three Bamboo Species”, American Journal of Food Science and Nutrition 
Research, Vol.3, No.3, pp.31-41, 2016. 

[26] FAO. Food and agriculture Organization of the United Nations. Food and Agriculture: Key to achieving the 2030 Agenda for Sustainable 
Development 2016. www.fao.org 

[27] Xue, Z.,  Hao, J., Yu, W., and Kou, X., “Effects of Processing And Storage Preservation Technologies On Nutritional Quality And Biological 
Activities Of Edible Fungi: A Review”, Journal of Food Process Engineering, doi: 10.1111/jfpe.12437, pp.1-13, 2016. 

[28] Esonu, B. O., Udedibie A. B. I., and Carlini, C. R., “The effect of toasting, dry urea treatment and sprouting on some thermostable toxic 
factors in the jackbean seed”, Nigerian Journal of Animal Production, Vol.25, No.1, pp.36-39, 1998. 

[29] Iyayi, E. A., and Egharevba, J. I., “Biochemical evaluation of seeds of an underutilized legume (Mucuna utilis)”, Nigerian Journal of Animal 
Production, Vol.25, pp.40-45, 1998. 

[30] Hailu, A. A., and  Addis, G., “The Content and Bioavailability of Mineral Nutrients of Selected Wild and Traditional Edible Plants as Affected 
by Household Preparation Methods Practiced by Local Community in Benishangul Gumuz Regional State, Ethiopia”, International Journal of 
Food Science, Article ID 7615853, pp.1-7, 2016 

[31] Rickman, J. C., Bruhn, C. M., and Barrett, D. M., “Nutritional comparison of fresh, frozen, and canned fruits and vegetables II. Vitamin A and 
carotenoids, vitamin E, minerals and fiber”, Journal of the Science of Food and Agriculture, Vol. 87, pp. 1185–1196, 2007. 

[32] Desideri, D., Meli, M. A., Roselli, C., and Feduzi, L., “Polarized X ray fluorescence spectrometer (EDPXRF) for the determination of essential 
and non essential elements in tea”, Microchemical Journal, Vol.2, pp.186-189, 2011. 

[33] Choi, G. H., and Kim, C. H., “Growth inhibition of extract from sulphur fed duck carcass against various cancer cell lines”, Korean Journal for 
Food Science of Animal Resources, Vol.22, pp.348-351, 2002. 

[34] Fahad, S. M., Islam, A. F. M., Ahmed, M., Uddin, N., Alam, M. R., Alam, M. F., M.F. Khalik., Hossain, M S., Lokman, H. M. and Abedin, M. 
J., “Determination of Elemental Composition of Malabar spinach, Lettuce, Spinach, Hyacinth Bean, and Cauliflower Vegetables Using Proton 
Induced X-Ray Emission Technique at Savar Subdistrict in Bangladesh”, BioMed Research International, 2015, 
http://dx.doi.org/10.1155/2015/128256.  

[35] Jugdaohsingh, R., “Silicon and bone health”, The Journal of Nutrition Health and Aging, Vol.11, pp.99-110. 2007. 
[36] Garcimartín, A., Merino, J. J., Santos-López, J. A., López-Oliva, M. E., González, M. P., Sánchez-Muniz, F. J., and  Benedí, J., “Silicon as 

neuroprotector or neurotoxic in the human neuroblastoma SH-SY5Y cell line”, Chemosphere, Vol.135, pp.217-224, 2015. 
[37] Gharibzahedi, S. M. T., and Jafari S. M., “The importance of minerals in human nutrition: Bioavailability, food fortification, processing effects 

and nanoencapsulation”, Trends in Food Science and Technology, Vol.62, pp.119-132, 2017. 
[38] Dugo, G., Pera, L. L., Turco, V. L., Palmieri, R. M. and Siatta, M., “Effect of boiling and peeling on manganese content of some vegetables 

determined by derivative anodic stripping chronopotentiometry (dASCP)”, Food Chemistry, Vol.93, pp.703–711, 2005. 
[39] Henry, P. R., and Miles, R. D., “Interactions among the trace minerals”, Ciência Animal Brasileira, Vol.1, No.2, pp.95-106, 2000. 
[40] Fraga, C. G., “Relevance, essentiality and toxicity of trace elements in human health”, Molecular Aspects of Medicine, Vol.26, pp.235–244, 

2005.  
[41] Adeyeyei, E., and  Otokiti, M. K., “Proximate composition and some nutritionally valuable minerals of two varieties of Capsicum annum (Bell 

and cherry peppers)”, Discovery and Innovation, Vol.11, pp.75-81, 1999. 
[42] Tarushi, A., Karaflou, Z., Kljun, J., Turel, I., Psomas G., Papadopoulos, A. N., and Kessissoglou, D. P., “Antioxidant capacity and DNA-

interaction studies of zinc complexes with a non-steroidal anti-inflammatory drug, mefenamic acid”, Journal of Inorganic Biochemistry, 
Vol.128, pp.85–96, 2013. 

 

http://www.ijirset.com
http://www.fao.org
http://dx.doi.org/10.1155/2015/128256.

