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 A B S T R A C T  
 
Juvenile shoots of bamboo (Phyllostachys) are the most superior quality vegetable used in various culinary purposes throughout the world. 
Shoots contain high moisture content and have short shelf life of 2-3 days. Thus, processing techniques are required to prevent post-harvest 
losses and long-term storage of shoots. In the present study, Phyllostachys mannii Gamble was subjected to different drying processes i.e. 
freeze (-55ºC for 24 hrs), oven (60ºC for 24 hrs) and sun (32-40ºC for 16 hrs) to select the best drying method in terms of retention of nutrients 
and bioactive components. Results indicated that shoots had high amount of protein, minerals, amino acids, dietary fiber, phenols and 
phytosterols and low amount of fat, vitamin E. Fourteen minerals and twenty amino acids were detected, of which minerals namely K, P, S, Mg, 
Si, Fe, Zn and amino acids namely asparagine, tyrosine, valine and leucine were found in abundant. Results showed that freeze drying was 
better in retaining maximum amount of macronutrients, amino acids, dietary fibers and phenols. However, sun drying was effective in retaining 
maximum amount of macrominerals except K, Cl, Na and microminerals which showed no significant variation in sun and freeze-dried samples. 
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INTRODUCTION 

The principal role of food is to deliver sufficient nutrients (in quality and quantity) to meet elementary metabolic necessities of 
humans. Now-a-days consumption of vegetables by global populace increased rapidly due to awareness regarding presence of 

its several biologically active compounds with possible health promoting functions (Albuquerque, 2020; Samah and Ibhrajim, 

2021). Several recent research has predicted wild underutilized plants as the noteworthy source of nutrients and bioactive 
components which is advantageous for human health (Peduruhewa et al., 2021).  

In terms of food, bamboo is underutilized plant although is well known for its multipurpose usages and raw material for 

innumerable products. Worldwide, India has major acreage and the second largest genetic resources of bamboos (FAO, 2007). 

Young shoots of bamboos are used as food and medicinal source in Asian countries since generations. However, recent studies 
have identified the antioxidant, antimicrobial, hypolipidemic and cholesterol lowering properties of the bamboo shoots due to 

presence of several biologically active compounds (Wang et al., 2020; Curci et al., 2021). Out of several bamboo genera, shoots 
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of Phyllostachys are regarded as superior quality vegetable and are used in various culinary purposes throughout the world. 

Phyllostachys is monopodial genus which encompasses of 55 species (Ohrnberger, 2002). In the present study, shoots of 
Phyllostachys mannii is taken for analysis. P. mannii shoots are recognised for its crunchy and sweet taste and has not been 

explored as nutrition source even though abundantly growing in North-East India. Shoots contain high moisture and thus are 

very perishable and susceptible to microbial decay and have short shelf life of 2-3 days. Thus, processing and preservation 
techniques are required to enhance shelf life and long-term consumption of shoots. 

Drying is one of the most broadly used technique for long term preservation of vegetables that decreases moisture content, 
microbial activity, chemical reactions and expands the shelf life (Hamrouni-Sellami et al., 2013). Drying method is a good 

alternative to enhance shelf life of perishable bamboo shoots and also convenient for food processing industries. However, 

different drying methods may affect the product differently by altering mechanical, physical, biological, chemical and nutritional 
properties (Oliveira et al., 2016). Oven drying, sun drying and freeze drying are the three commonly used methods employed in 

the present study. 

An examination of literature shows that no detail studies have been carried out on the effect of these drying methods on the 

nutrient, minerals and bioactive components of shoots of edible bamboo. Thus, the objective of present work is to evaluate effect 
of three selected drying (freeze, oven and sun) processes on nutrients, amino acids, minerals and bioactive components of 

Phyllostachys mannii shoots and to select the best drying method in terms of retention of nutrients and bioactive components.  

MATERIAL AND METHODS 

Collection of plant material  

The shoots of wildly grown Phyllostachys mannii were collected from Shillong, Meghalaya, India. The outer hard sheaths of 

shoots were peeled and inner part was retained for further processing.  

Sample processing 

Shoots were then processed through three different drying methods.  

1) Freeze drying: Shoots were cut into cubes and initially frozen at -20ºC for 24 hrs in ultra low freezer. The frozen samples were 
then dried for 24 hrs in lyophilizer with 0.10 mbar vacuum pressure and -55ºC condenser temperature.  

2) Oven drying: Shoots were cut into small cubes and placed a single layer in petriplates. These plates are then positioned in 

drying tray of hot air oven at 60ºC and dried for 24 hrs. 

3) Sun drying: Shoots were cut into small cubes and a single layer of cut shoots were placed uniformly on a stainless-steel tray. 

The samples were dried under direct sunlight from 9:00 a.m. to 5:00 p.m. at temperature between 32-40ºC for 16 hrs in month 

of May. Samples were collected after each day and kept at ambient room temperature.  

All form of dried shoots were then grounded into powder by using blender and kept in air tight bottles at room temperature till 
further use for analysis. 
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Estimation of nutrients  

Protein, carbohydrate, starch, fat, ash and moisture were estimated by methods of AOAC (2000).  

Vitamin C content was estimated by titrimetric method of Raghu et al. (2007). Vitamin E was determined by the method of Baker 

et al. (1980), using α, α’- Dipyridyl that forms a red coloured complex and gives absorbance maxima at 520 nm. 

Minerals were analyzed by using Wavelength Dispersive X-ray Fluorescence (WDXRF) spectrometer (S8 TIGER, Bruker, 
Germany). 

Free amino acids were estimated by using reversed phase ultra-high performance liquid chromatography (Agilent technologies, 
USA). Preparation of samples were carried out by technique of Lopez-Cervantes et al. (2006). 25 mg of dried powder was 

dissolved in borate buffer. The mixture was sonicated for 2 mins and centrifuged for 5 mins at 5000 r.p.m. The final extract was 

filtered and derivatized with O-Phthalaldehyde. Derivatized samples were examined chromatographically using C18 reverse 
phase column. The mobile phase was prepared by 10 mM each of disodium phosphate and sodium tetraborate with pH 8.35 

and combination of methanol, acetonitrile and water in ratio of 40:40:20 v/v respectively. The rate of flow was maintained at 0.5 

ml per min and detected by fluorescent detector having excitation and emission at 340 nm and 450 nm respectively. 

Analysis of bioactive components  

Bioactive components analysed include dietary fiber components, total phenols and total phytosterols. 

Dietary fiber components i.e. Neutral detergent fiber (NDF), Acid detergent fiber (ADF), lignin, hemicellulose and cellulose were 
determined by method of Goering and Van Soest (1970).  

NDF analysis involves gelatinization of sample using α-amylase followed by drying at 60ºC for 2 hrs. Dried sample was 

hydrolysed by sulphuric acid, followed by addition of dekalin and sodium sulphate and precipitated by heating. The final extract 

was ignited in the muffle furnace and the loss in weight determined as NDF.  

ADF analysed by acid hydrolysis of dried sample in sulphuric acid, cetyl trimethyl ammonium bromide and dekalin. The precipitate 
formed was dried in oven for 8 hrs at 100ºC and the loss in weight determined as ADF.  

For lignin analysis, the NDF and ADF residues were dissolved in sulphuric acid (72%) for 2 hrs. The residues were repetitively 

washed with hot water and acetone to eliminate acid and water respectively. The residue was ignited at 100ºC and lignin content 

was determined by loss in weight before and after ignition. Hemicellulose content was estimated by change in values of ADF 
and NDF. Cellulose was estimated by the variance in ADF and lignin content. 

Total phenols content was estimated in accordance to Folin-Ciocalteau method using gallic acid as described by Singleton and 

Rossi (1965). 1g of sample was crushed in ethanol (80%) and centrifuged for 10 min at 4500 r.p.m. To 0.1 mL of supernatant 5 

ml of Folin-Ciocalteau reagent (10%) was added and kept for 5 min. To this extract, 3.5 ml (1M) of Na2CO3 was added and 

incubated in water bath at 40°C for 1hr. Absorption was measured at 765 nm.  
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Total phytosterol content was estimated by using technique of Srivastava (1990). 1g of sample was homogenised in acetone-

ethanol (1:1) mixture. The residue was then centrifuged, evaporated and chloroform was added. To 1 ml of final extract, acetic 
anhydride and H2SO4 (30:1) was added and left for 15-20 mins. Absorbance was taken at 680 nm using cholesterol as standard. 

Statistical analysis  

Experimental analysis was conducted in replicates of three. Data were subjected to ANOVA and Duncan’s multiple range tests 

using PASW statistics software version 18.0 at significance level of p˂0.05. 

RESULTS AND DISCUSSION 

Macronutrients  

Macronutrients analyzed in freeze, oven and sun-dried shoots of P. mannii are presented in Table 1. With different drying 

processes, protein content ranged from 17.32 to 21.06 g/100g d.w. (dry weight). The maximum protein content was found in 

freeze dried shoots however, the content was not significantly different from oven dried. Previous studies in oven dried bamboo 
shoots revealed a range of protein from 5.1 to 25.80% (Christian et al., 2015). Carbohydrate content revealed significant (p<0.05) 

difference among dried shoots; maximum after freeze drying (14.27 g/100g d.w.) followed by sun (14.05 g/100g d.w.) and oven 

drying (9.90 g/100g d.w.). Previously, Karanja et al. (2016) reported carbohydrate content range from 17.3-23.6% in oven dried 
shoots of Yushania alpina. Starch content was significantly (p<0.05) higher in sun dried than oven dried shoots. But the content 

was not statistically different between sun and freeze drying methods. Fat content showed significant (p<0.05) variation among 

dried shoots with maximum content (8.40 g/100g d.w.) in oven dried shoots. Ash content ranged from 8.26-8.40 and showed no 
significant variation among different drying treatments. Moisture content in shoots ranged from 2.24-2.36%. after different drying 

treatments. All drying treatments were effective in lowering moisture content of shoots but the maximum reduction was after 

oven drying. Macronutrients like fat, starch, moisture and ash content in dried shoots of P. mannii falls in the range of other 
species of Phyllostachys reported previously (Zhang et al., 2011; Park and Jhon, 2013; Christian et al., 2015). Overall, results 

showed that freeze drying was better in retaining protein, carbohydrate, ash content in the shoots. Similarly, higher retention of 

nutrients with freeze drying has also been observed in other foods by Chan et al. (1997) and Arslan et al. (2010). Decrease in 
nutrients content after other two drying methods could be possibly due to high temperature during oven drying and continual 

exposure to air along with leaching effect during sun drying (Chan et al., 1997; Arslan et al., 2010). 

Table 1: Macronutrients and vitamins content (dry weight) with different drying methods in Phyllostachys mannii shoots 

 
Shoot type 

Macronutrients (g/100g) Vitamins (mg/100g) 

Protein Carbo- 
hydrate 

Starch Fat Ash Moisture Vitamin 
C 

Vitamin 
E 

Freeze dried 21.06 
±2.33a 

14.27 
±0.08a 

10.84 
±1.12a 

4.53 
±0.02b 

8.35 
±0.20a 

2.29 
±0.04b 

40.85 
±2.46a 

8.17 
±0.14a 

Oven dried 18.01 
±1.49ab 

9.90 
±0.06c 

8.22 
±0.88b 

4.65 
±0.03a 

8.40 
±0.12a 

2.24 
±0.02b 

28.74 
±3.42c 

7.90 
±0.11b 

Sun dried 17.32 
±1.13b 

14.05 
±0.06b 

12.10 
±1.02a 

4.39 
±0.05c 

8.26 
±0.21a 

2.36 
±0.02a 

34.75 
±1.32b 

7.55 
±0.15c 

 

*Data are presented in mean values ± standard deviation (n=3).  
Values with different letters in each column indicate significant differences (p<0.05) among different drying treatments 
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Vitamins 

Vitamin C and vitamin E contents of shoots after different drying processes are presented in Table 1. In present study, significantly 

higher vitamin C content was observed after freeze drying (40.85 mg/100g d.w.) followed by sun (34.75 mg/100g d.w.) and oven 
drying (28.74 mg/100g d.w.) method. Similarly, higher vitamin C content in freeze dried samples compared to sun and oven dried 

have also been reported in other plant foods (Sagar and Kumar, 2010; Sangsila et al., 2021). Lower retention of vitamin C after 

oven and sun drying may be due to high temperature and longer duration of drying (Jyaraman and Gupta, 1992). Vitamin C is 

highly thermo-sensitive and high temperature during oven and sun drying possibly led to greater losses. Vitamin E content 
ranged from 7.55 to 8.17 mg/100g d.w. with different drying treatments. Significantly higher content of vitamin E was observed 

with freeze drying followed with oven and sun drying treatment. Vitamin C and E are known to have antioxidant activity, defence 

and immune response and several other biological functions (Min et al., 2018; Alagawany et al., 2021). 

Minerals  

Minerals content in shoots processed with three drying treatments are shown in Table 2. Current study depicted the presence of 
14 minerals elements with three dried forms. The minerals concentration was found in this sequence: K > P > Cl > S > Mg > 

Ca > S > Na > Zn > Fe > Mn > Cu > Mo > Ni. From results, insignificant difference in Si, Na and Zn content and significant 

(p<0.05) difference in Cl and Mo content was observed with three drying treatments. However, no significant (p>0.05) difference 
was seen with freeze and sun drying for K, Fe and Mn and with freeze and oven drying for P, Mg, Ca, S and Ni content. Overall, 

the content of P, Mg, Ca, S, Mo and Ni was found maximum with sun drying; K and Fe with freeze drying and Cl with oven drying. 

Sun dried shoots showed higher content of most of the minerals analyzed in the present study. The higher minerals content with 
sun drying is also reported in Capsicum varieties by Shokunbi et al. (2021). Minerals play a vital role in health promotion and 

prevention of several chronic and nutritional deficiency diseases (Gupta and Gupta, 2014).  

Table 2: Macro and microminerals (mg/100g dry weight) with different drying methods in Phyllostachys mannii shoots 

Type 

 

Elements Freeze dried Oven dried Sun dried 

Macro 

minerals 

K 6660 ± 40a 5710 ± 60b 6440 ±110a 

P 930 ± 20b 930 ± 10b 1100 ± 20a 

Mg 230 ± 10b 220 ± 10b 290 ± 20a 

Cl 850 ± 30b 940 ± 20a 760 ± 20c 

Ca 110 ± 10b 130 ± 10b 180 ± 20a 

Na 60 ± 10a 60 ± 10a 50 ±10a 

S 330 ± 10b 330 ± 10b 380 ± 10a 

Si 70 ± 10a 60 ± 10a 70 ± 10a 

 
Micro 

minerals 

Fe 9.1 ± 0.4a 6.8 ± 0.3b 8.7 ± 1.0a 

Cu 2.6 ± 0.2a 2.1 ± 0.3b 2.5 ± 0.2ab 

Zn 10 ± 0.0a 10 ± 0.0a 10 ± 0.0a 

Mo 0.5 ± 0.0b 0.1 ± 0.0c 1.2 ± 0.1a 

Mn 9.0 ± 1.0a 5.4 ±1.2b 9.0 ± 1.5a 

Ni 0.6 ± 0.0b 0.6 ± 0.1b 0.9 ± 0.0a 

 

*Data are presented in mean values ± standard deviation (n=3).  

Values with different letters in the same row indicate significant differences (p<0.05) among different drying treatments 
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Amino acids 

Table 3 presents the content of twenty amino acids which were identified and quantified after different drying treatments in P. 

mannii shoots. It was noted that asparagine was the most abundant among all amino acids followed by tyrosine. Moreover, it 
was found that all three dried forms consist of almost all nine essential amino acids except tryptophan which was lacking in oven 

and sun dried shoots. This might be due to degradation of protein bound tryptophan during high temperature oven and sun 

drying processes (Shadung et al., 2012). Shoots dried from three different drying treatments showed variations in amino acids 

content. From Table 3 it was observed that amino acids like aspartic acid, glutamic acid, glycine, methionine and leucine contents 
showed significant (p<0.05) variation with freeze, oven and sun drying treatments. However, remaining amino acids showed no 

significant variation in their content with oven and sun drying. Histidine content was not statistically different among all three 

drying processes. Present study found that freeze dried samples compared to oven and sun dried samples had significantly 
higher content of all amino acids except ornithine. Overall results indicated less amino acid degradation after freeze drying. 

Similarly, high amino acids stability in low temperature freeze dried samples has also been reported in other foods (Shadung et 

al., 2012; Deng et al., 2015). Amino acids are indispensable as they regulate the directive of metabolic pathways and aids in 
treatment and management of numerous metabolic as well as communicable diseases (Wu, 2014). 

Table 3: Free amino acid concentration (µg/mg dry weight) with different drying methods in Phyllostachys mannii shoots 

Free amino acid Freeze dried Oven dried Sun dried 

 

Aspartic acid 16.28 ± 1.10a 13.97 ± 0.72b 10.43 ± 1.46c 

Glutamic acid 10.81 ± 0.79a 5.38 ± 0.68c 8.60 ± 0.83b 

Asparagine 111.04 ± 9.59a 87.83 ± 3.42b 84.06 ± 3.64b 

Serine 9.57 ± 0.85a 5.71 ± 0.36b 4.71 ± 0.72b 

Glutamine 5.48 ± 0.40a 2.58 ± 0.88b 2.17 ± 0.63b 

Histidine 4.21 ± 0.29a 3.60 ± 0.43a 4.12 ± 0.60a 

Glycine 3.62 ± 0.00a 3.02 ± 0.12b 2.38 ± 0.24c 

Threonine 8.91 ± 0.51a 7.04 ± 0.42b 7.02 ± 0.34b 

Arginine 14.70 ± 0.68a 11.81 ± 0.48b 11.63 ± 0.64b 

Alanine 10.22 ± 1.05a 6.84 ± 0.82b 7.52 ± 0.48b 

Taurine 9.77 ± 0.14a 7.09 ± 1.28b 5.89 ± 1.02b 

Tyrosine 41.21 ± 3.21a 32.47 ± 1.47b 36.47 ± 1.62b 

Valine 21.11 ± 1.40a 10.59 ± 1.86b 10.12 ± 2.40b 

Methionine 2.39 ± 0.10a 1.17 ± 0.08c 1.63 ± 0.21b 

Tryptophan 8.29 ± 0.12a ND ND 

Phenylalanine 7.54 ± 0.47a 6.14 ± 0.33b 6.39 ± 0.31b 

Isoleucine 7.80 ± 0.30a 4.98 ± 0.31b 5.38 ± 0.34b 

Leucine 12.84 ± 0.86a 11.18 ± 0.24b 9.09 ± 0.32c 

Lysine 3.96 ± 0.14a 2.77 ± 0.00b 2.81 ± 0.15b 

Ornithine 1.05 ± 0.10b 1.92 ± 0.12a 2.02 ± 0.16a 

 

ND -not detected, *Data are presented in mean values ± standard deviation (n=3).  

Values with different letters in the same row indicate significant differences (p<0.05) among drying treatments 
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Bioactive components 

Total phenolic and phytosterols content analyzed with different drying treatments are presented in Table 4. Total phenolic content 

ranged from 1315.50-1918.90 mg/100g d.w. being maximum with freeze drying. However, the content was insignificant between 
freeze and sun drying. Similar findings of higher content of phenols with freeze drying compared to sun and oven drying has 

also been reported in other foods (Gao et al. 2012; Sangsila et al. 2021). This might be accounted to low temperature freeze 

drying process inactivates enzymes responsible for degradation of phenolic compounds. Phytosterol content ranged from 98.90-

265.49 mg/100g d.w. Phytosterols content varied significantly (p<0.05) with three drying treatments with significantly higher 
levels with oven drying followed by sun and freeze drying. In literature, no major studies were reported on the effect of drying 

methods on phytosterols for comparison. Phenol and phytosterols are the bioactive compounds that are known to promote 

wellbeing and prevent the risk of several ailments in humans (Rashmi and Negi, 2020; Shao et al, 2021).  

Table 4: Content of bioactive components with different drying methods in Phyllostachys mannii shoots 

 

*Data are presented in mean values ± standard deviation (n=3).  

Values with different letters in each column indicate significant differences (p<0.05) among different drying treatments 

Dietary fibers components analyzed in three dried samples are presented in Table 4. NDF and hemicellulose content was 

maximum with freeze drying but the contents were not statistically significant with freeze and sun drying processes. ADF content 
showed non-significant (p>0.05) difference among three drying treatments. Lignin content was higher in oven dried shoots and 

least in freeze dried shoots with no significant variation between oven and sun dried samples. Higher content of lignin with oven 

drying was due to non-enzymatic browning at higher temperature which increases the lignification. Cellulose content showed 
significant difference among drying treatments; being maximum in sun dried followed by oven and freeze dried shoots. No major 

work has been published in literature on the studies of effect of different drying methods on dietary fiber components. Dietary 

fiber is associated with prevention of various chronic diseases, including cardiovascular diseases, cancer and type 2 diabetes, 
and several types of cancer (Veronese et al., 2018). 

CONCLUSION 

This present research highlighted the nutritional, mineral, amino acids and bioactive components of P. mannii shoots as affected 

by three (freeze, oven and sun) drying processes. Besides nutrition, 20 amino acids and 14 minerals were identified in the dried 

Shoots 
type 

Total 
phenols 

(mg/100g) 

Total 
phytosterols 

(mg/100g) 

Dietary fiber and its components (g/100g) 

NDF ADF Lignin Cellulose Hemicellulose 

Freeze 
dried 

1918.90 

±50.70a 

98.90 

±2.48c 

67.70 

±2.45a 

6.52 

±0.98a 

1.04 

±0.04b 

5.48 

±0.18c 

61.18 

±4.21a 

Oven dried 1315.50 

±54.82b 

265.49 

±3.16a 

53.70 

±3.17b 

7.43 

±1.06a 

1.40 

±0.07a 

6.03 

±0.14b 

46.27 

±3.48b 

Sun dried 1849.81 

±51.80a 

230.48 

±3.88b 

65.80 

±2.64a 

8.50 

±1.42a 

1.34 

±0.07a 

7.16 

±0.26a 

57.30 

±3.14a 
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shoot samples. Of these, amino acid (asparagine) and mineral (potassium) were the most abundant. These nutrients are affected 

differently with three methods. Coupled with longer shelf life, freeze drying was the most efficient method in retaining most of 
nutrients (carbohydrate, protein, amino acids, vitamin C). This method also maintained high content of total phenols. Moreover, 

sun-drying was better method concerning the mineral contents of the shoots. Dried shoots powdered have prodigious potential 

to be used for supplementation of minerals, essential amino acids, fiber and sterols in biopharmaceuticals and food fortification. 
Present study is also valuable in guiding food processing industries as drying methods are valuable in minimizing the post-

harvest decaying and nutrient loss of bamboo shoots. 

ACKNOWLEDGEMENTS 

The authors would like to acknowledge University Grant Commission (F7- 151/2007) and Ministry of Food Processing 

Industries (18/MFPI/R&D/2010), Govt. of India for providing financial assistance.  

REFERENCES 

Alagawany, M., Elnesr, S. S., Farag, M. R., Tiwari, R., Yatoo, M. I., Karthik, K., Michalak, I. and Dhama, K. 2021. Nutritional 

significance of amino acids, vitamins and minerals as nutraceuticals in poultry production and health–a 
comprehensive review. Veterinary Quarterly, 41(1): 1-29. 

Albuquerque, T. G., Nunes, M. A., Bessada, S. M., Costa, H. S. and Oliveira, M. B. P. 2020. Biologically active and health 

promoting food components of nuts, oilseeds, fruits, vegetables, cereals, and legumes. In Chemical Analysis of Food, 

Academic Press. pp. 609-656. 

AOAC. 2000. Official methods of analysis. 17th ed. Association of Official Analytical Chemists, Gaithersburg, MD, USA. 

Arslan, D., Ozcan, M. M. and Mengeş, H. O. 2010. Evaluation of drying methods with respect to drying parameters, some 
nutritional and colour characteristics of peppermint (Mentha x piperita L.). Energy Conversion and Management, 

51(12): 2769-2775. 

 
Baker, H., Frank, O., De Angelis, B. and Feingold, S. 1980. Plasma tocopherol in man at various times after ingesting free or 

acetylated tocopherol. Nutrition Reports International, 21: 531-536. 

 
Chan, J. C. C., Cheung, P. C. K. and Ang, P. O. 1997. Comparative studies on the effect of three drying methods on the 

nutritional composition of seaweed Sargassum hemiphyllum (Turn.). Journal of Agricultural and Food Chemistry, 

45(8): 3056-3059. 

 
Christian, A. L., Knott, K. K., Vance, C. K., Falcone, J. F., Bauer, L. L., Fahey, G. C., Willard, S. and Kouba, A. J. 2015. Nutrient 

and mineral composition during shoot growth in seven species of Phyllostachys and Pseudosasa bamboo consumed 

by giant panda. The Journal of Animal Physiology and Animal Nutrition, 99(6): 1172-1183. 
 



Rawat et al. (Drying process affects nutrients and bioactive components of edible bamboo) 

J. Postharvest Technol., 2022, 10(1): 1-11   

 

9 

Curci, F., Cavalluzzi, M. M., Milani, G., Clodoveo, M. L., Redovniković, I., Cellamare, S., Franchini, C., Mandracchia, D. and 

Corbo F. 2021. Phyllostachys Pubescens: From Traditional to Functional Food.  Food Review International, 
DOI: 10.1080/87559129.2021.1933020 

 

Deng, Y., Luo, Y., Wang, Y. and Zhao Y. 2015. Effect of different drying methods on the myosin structure, amino acid 
composition, protein digestibility and volatile profile of squid fillets. Food Chemistry, 171: 168-176. 

 

FAO. 2007. World bamboo resources: A thematic study prepared in the framework of the Global Forest Resources Assessment 

2005. Lobovikov M., Paudel S., Piazza M., Ren H. and Wu J. (eds). Non-wood Forest Products # 18. Food and 
Agriculture Organisation of the United Nations, Rome. 

Gao, Q. H., Wu, C. S., Wang, M., Xu, B. N. and Du, L. J. 2012. Effect of drying of jujubes (Ziziphus jujuba Mill.) on the contents 

of sugars, organic acids, α-tocopherol, β-carotene, and phenolic compounds. Journal of Agricultural and Food 

Chemistry, 60(38): 9642-9648. 

Goering H.K. and Van Soest P.J. 1970. Forage fiber analyses (apparatus, reagents, procedures and some applications). 
Agriculture Handbook No. 379. USDA, Washington, DC. pp. 1-20. 

Gupta, U. C. and Gupta, S. C. 2014. Sources and Deficiency Diseases of Mineral Nutrients in Human Health and Nutrition: A 

Review. Pedosphere, 24(1): 13–38. 

Hamrouni-Sellami, I., Rahali, F. Z., Rebey, I. B., Bourgou, S., Limam, F. and Marzouk, B. 2013. Total phenolics, flavonoids, and 

antioxidant activity of sage (Salvia officinalis L.) plants as affected by different drying methods.  Food and Bioprocess 
Technology, 6: 806-817 

Jyaraman, K. S. and Gupta, D. K. 1992. Dehydration of fruits and vegetables- recent developments in principals and techniques. 

Drying technology, 10: 1-50. 

 
Karanja, P. N., Kenji, G. M., Njoroge, S. M., Sila, D. N., Onyango, C. A., Koaze, H. and Baba, N. 2016. Variation of nutrients and 

functional properties within young shoots of a bamboo species (Yushania alpina) growing at Mt. Elgon Region in 

Western Kenya. Journal of Food and Nutrition Research, 3(10): 675-680. 
 

Lopez-Cervantes, J., Sánchez-Machado, D. I. and Rosas-Rodríguez, J. A. 2006. Analysis of free amino acids in fermented 

shrimp waste by high- performance liquid chromatography. Journal of Chromatography A, 1105: 106-110. 

 
Min, Y. N., Niu, Z. Y., Sun, T. T., Wang, Z. P., Jiao, P. X., Zi, B. B., Chen, P. P., Tian, D. L. and Liu, F. Z. 2018. Vitamin E and 

Vitamin C supplementation improves antioxidant status and immune function in oxidative stressed breeder roosters 

by upregulating expression of GSH-Px gene. Poultry Science, 97(4):1238–1244. 
 

Ohrnberger, D.  2002. The bamboos of the world. Second impression. Amsterdam: Elsevier. 



Rawat et al. (Drying process affects nutrients and bioactive components of edible bamboo) 

J. Postharvest Technol., 2022, 10(1): 1-11   

 

10 

Oliveira, S. M., Brandao, T. R. S. and Silva, C. L. M. 2016. Influence of drying processes and pretreatments on nutritional and 

bioactive characteristics of dried Vegetables: A Review. Food Engineering Reviews, 8: 134–163. 
 

Park, E. J. and Jhon, D. Y. 2013. The Nutritional Composition of bamboo Shoots and the effects of its fiber on Intestinal 

microorganisms. Korean Journal of Food Culture, 28: 502-511. 
 

Peduruhewa P. S., Jayathunge K. G. L. R., and Liyanage R. 2021. “Potential of Underutilized Wild Edible Plants as the Food for 

the Future – A Review.” Journal of Food Security, 9(4)- 136-147.  

 
Raghu, V., Platel, K. and Srinivasan, K. 2007. Comparison of ascorbic acid content of Emblica officinalis fruits determined by 

different analytical methods. Journal of Food Composition and Analysis, 20(6): 529-533. 

 
Rashmi H. B. and Negi P. S. 2020. Health Benefits of Bioactive Compounds from Vegetables. In: Swamy M. (eds). Plant-

derived Bioactives, Singapore: Springer. 

Sagar, V. R. and Kumar, P. S. 2010. Recent advances in drying and dehydration of fruits and vegetables: a review. Journal of 

food science and technology, 47(1): 15-26. 

Samah, R. and Ibrahim, A. A. A. 2021. "Fruits and Vegetables as Sources of Functional Phytochemicals for the Prevention and 
Management of Obesity, Diabetes, and Cancer." In Dietary Phytochemicals, Springer, Cham. pp. 147-167. 

Sangsila, A., Chumroenphat, T. and Jorjong, S. (2021). Effects of drying methods on active odorants, phytochemicals and 

antioxidant properties of Litsea petiolata Hook. f. leaves locally used as a substitute to male giant water bugs in 

pungent chili pastes. International Journal of Agricultural Technology, 17(4): 1577-1590. 

Shadung, K. G., Mphosi, M. S. and Mashela, P. W. 2012. Influence of drying method and location on amino acids and mineral 
elements of Sternocera orissa Buguet 1836 (Coleoptera: Buprestidae) in South Africa. African Journal of Agricultural 

Research, 7(46): 6130-6135. 

Singleton, V. L. and Rossi, J. A. 1965. Colorimetry of total phenolics with phospho-molybdic- phosphotungstic acid reagents. 

American Journal of Enology and Viticulture, 16:144-153. 
 

Srivastava, R. C. 1990. Bamboo: new raw materials for phytosterols. Current Science, 59: 1333–1334. 

 

Shao, Y., Hu, Z., Liu, C., Xu, Q., Zhang, H., Yan, Q., Zhu, D. and Zhu, Z., 2021. Phenolic acids and phytosterols in rice grains 
and wheat flours consumed in five regions of China. Journal of Food Science, 86(5): 1878-1892. 

 

Shokunbi, O. S., Afolabi, D., Obiukwu C. C., Ogbonnaya, F. T., Ngozi, E. O. and Amah, G. H. 2021. Effects of Sun-Drying and 
Oven-Drying on the Nutrients, Anti-Nutrients, and Bioavailability of some Minerals in Commonly Consumed Capsicum 

Varieties in Nigeria. Tropical Journal of Natural Product Research, 5(3): 591-596.  



Rawat et al. (Drying process affects nutrients and bioactive components of edible bamboo) 

J. Postharvest Technol., 2022, 10(1): 1-11   

 

11 

Veronese, N., Solmi, M., Caruso, M.G., Giannelli, G., Osella, A.R., Evangelou, E., Maggi, S., Fontana, L., Stubbs, B. and 

Tzoulaki, I., 2018. Dietary fiber and health outcomes: an umbrella review of systematic reviews and meta-
analyses. The American journal of clinical nutrition, 107(3): 436-444. 

Wang, Y., Chen, J., Wang, D., Ye, F., He, Y., Hu, Z. and Zhao, G., 2020. A systematic review on the composition, storage, 

processing of bamboo shoots: Focusing the nutritional and functional benefits. Journal of Functional Foods, 71, 

p.104015. 

Wu G. 2014. Dietary Requirements of Synthesizable Amino Acids by Animals: A Paradigm Shift in Protein Nutrition. Journal of 

Animal Science Biotechnolology, 5(1): 34. 

Zhang, J. J., Ji, R., Hu, Y. Q., Chen, J. C. and Ye, X. Q. 2011. Effect of three cooking methods on nutrient components and 
antioxidant capacities of bamboo shoot (Phyllostachys praecox C.D. Chu et C.S. Chao). Journal of Zhejiang 

University, 12(9): 752- 759. 

 
 

© The Author(s) 

This is an  Open Access article licensed under a Creative Commons license: 
Attribution 4.0 International (CC-BY).  
 


