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ABSTRACT: This study evaluated the cyanide content, bio-active compounds profile, volatile compounds profile, and bio-
logical activity of fresh and boiled sliced bamboo. Cyanide was only detected in fresh bamboo shoots, at a content of 
140.40±5.34 mg/kg. Furthermore, the fresh bamboo shoots extracts had free radical scavenging properties, as demon-
strated by ABTS･+ and DPPH･ assays, and contained phytochemical compounds, such as flavonoid, terpenoid, and re-
ducing sugar. Indeed, the total phenolic and flavonoid contents were 12.12±0.12 mg gallic acid equivalent/dw and 1.60± 
0.11 mg quercetin equivalent/dw, respectively. In addition, these extracts demonstrated inhibitory activity against -glu-
cosidase (61.30±0.45%), -amylase (37.00±1.82%), and tyrosinase (26.57±0.57%). Some volatile compounds, such as 
2-methoxyphenol and 2-pentylfuran, show -glucosidase inhibitory activity, and these compounds exerted -amylase in-
hibitory activity in the fresh sliced bamboo shoots. The major volatile compound 4-methylphenol (68.15%), which exerts 
tyrosinase inhibitory activity, was also detected in fresh sliced bamboo shoots. The boiled sliced bamboo shoots extracts 
also contained bio-active compounds and exhibited biological activity similar to those in the fresh sliced bamboo shoots 
extracts. However, the boiling process and sliced technique reduced the bio-active compounds and biological properties 
as well as some of volatile compounds.

Keywords: -glucosidase and -amylase inhibitory activity, cyanide content, free radical scavenging assays, Thai bamboo 
shoots, tyrosinase inhibitory activity

INTRODUCTION

Bamboo shoots had been used as an ingredient for food 
and in traditional medicine (Wang et al., 2020). Bamboo 
shoots contain a variety of nutrients beneficial for human 
health, including vitamins, proteins, minerals, fats, fiber, 
and bio-active compounds, such as phenolic and flavonoid 
compounds (Zhang et al., 2011; Nongdam and Tikendra, 
2014). The nutritional content of bamboo shoots varies 
depending on the species and environmental factors 
(Chongtham et al., 2011; Satya et al., 2012). The bio-ac-
tive compounds contained in bamboo shoots exhibit bi-
ological activities, including antioxidant (Bajwa et al., 
2018), anti-bacterial (Tanaka et al., 2011), and anti-aller-
gy (Tanaka et al., 2014) activities. Bamboo shoot extracts 
have also been used for treatment of chronic diseases, 
such as diabetes (by reducing hyperglycemia) and cancer 
(Panee, 2009). Furthermore, they had been used as in 

cosmetic products, such as anti-aging products (Nirmala 
and Bisht, 2015). Although bamboo shoots are rich in 
biochemical compounds and have nutritional benefit for 
human health, the fresh bamboo shoots have some toxin 
compounds known as cyanide. Cyanide exists as cyano-
genic glycoside in bamboo shoots, with its the content 
varying depending on the species and the portion of bam-
boo shoots (Satya et al., 2012). Cyanide at a content of 
0.5∼3.5 mg/kg body weight demonstrates acute effects 
on human health (Pandey and Ojha, 2014). However, the 
cyanide content can be eliminated during cooking proc-
esses such as boiling, streaming, heating, and frying 
(Pandey and Ojha, 2014).

Bamboo belongs to the family Poaceae, which consists 
of over 1,642 species distributed throughout the world, 
especially in Asia. In Thailand, Dendrocalamus asper are 
important edible plants (Maoyi et al., 1987). The macro-
nutrient content (g/100 g fresh weight) of Dendrocalamus 
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asper were identified by Chongtham et al. (2011): amino 
acid, 3.12±0.07; protein, 3.59±0.06; carbohydrate, 4.90 
±0.11; starch, 0.39±0.08; fat, 0.40±0.06; dietary fiber, 
3.54±0.07; vitamin C, 3.20±0.06; vitamin E, 0.91±0.31. 
Dendrocalamus asper bamboo shoots have many nutritional 
benefits for human health. However, reports on of bio-ac-
tive profile, volatile compound profile, and biological ac-
tivity of this species are limited. In this study, we inves-
tigated the bio-active compound profile, volatiles com-
pound profile, and biological activity (e.g., antioxidant 
activity and enzyme inhibition activity) related to diabe-
tes mellitus and melanin synthesis in fresh and boiled 
sliced bamboo shoots.

MATERIAL AND METHODS

Chemical reagents
All chemical reagents used for this experiment were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA). 
Enzymes used for enzymatic inhibition assays were -glu-
cosidase (from Saccharomyces cerevisiae), -amylase (from 
Aspergillus oryzae), and tyrosinase (from mushrooms). The 
substrate used were p-nitrophenyl--glucopyranoside 
(4-pNPG) for -glucosidase, amylose for -amylase, and 
3,4-dihydroxy-L-phenylalanine (L-DOPA) for tyrosinase. 
Reagents for radical scavenging assay used include 2,2- 
diphenyl-1-picrylhydrazyl (DPPH･) and 2,2’-azino-bis (3- 
ethylbenzthiazoline-6-sulphonic acid) (ABTS･+), and the 
cyanide test kit QuantofixⓇ (Sigma-Aldrich Co.).

Plant material
Pai Tong bamboo shoots (Dendrocalamus asper Back.) were 
harvested from Thung Pho, Nadi District, Prachin Buri 
Province, Thailand. Bamboo shoots (1,000 g) were shel-
led, washed with deionized water, and sliced [approxi-
mate slice size of 15 mm (width)×0.5 mm (depth)×30 
mm (length)]. Sliced samples (500 g) were then heated 
in boiling water (1,000 mL) for 30 min. The fresh and 
boiled samples were kept at −20oC until extraction.

Sample extraction
Fresh and boiled samples (500 g) were ground thorough-
ly with liquid nitrogen to produce a powder. Powdered 
samples (300 g) were extracted with 300 mL methanol 
for 7 days. The extraction was centrifuged at 6,000 rpm 
for 20 min to remove bamboo residue, and methanol in 
the supernatant was removed by a hot air oven at 50oC. 
The crude extract was kept at ‒20oC until phytochemical 
screening, bio-active compound profile determination, 
radical scavenging efficiency assays, and enzyme inhib-
ition evaluation.

Cyanide quantification
Fresh and boiled samples (50 g) were ground thoroughly 
to produce small pieces. The samples were extracted with 
extraction buffer [1.0 mL of CdCl2 (50 g/L) and 10 mL 
of potassium phosphate buffer (pH 6)] and incubated 
for 15 min at room temperature. The solution was then 
centrifuged at 6,000 rpm for 15 min, and the superna-
tant was filtrated through a 0.45 m syringe filter. The 
cyanide content was determined using QuantofixⓇ cya-
nide test kit.

Phytochemical screening
The presence of phytochemical components, including fla-
vonoids, terpenoid, and reducing sugar, were determined 
following the method of Sansenya and Nanok (2020), 
with modifications. First, the crude methanol extract was 
dissolved in deionized water to produce 1 mg/mL solu-
tions. To determine the flavonoid content, 4 mL of solu-
tion was mixed with 1 mL of ammonia. A positive result 
was obtained when the solution changed to a yellow col-
or, indicating that the sample contains flavonoid. To de-
tect terpenoid, 2 mL of solution was mixed with 2 mL of 
chloroform and mixed by shaking. The solution was then 
mixed with 3 mL of concentrated H2SO4, following which 
a reddish-brown color indicated a positive result. To de-
tect reducing sugar, 5 mL of sample was mixed with 2 mL 
of benedict solution under base condition. The mixture 
was then boiled for 10 min or until a brick-red precipitate 
is formed, indicating the presence of reducing sugar.

Volatile compound profile determination
Bamboo shoots (fresh and boiled samples) were cut into 
small pieces with a knife and approximately 4 g was add-
ed into 20 mL headspace vials and capped. Samples were 
pre-heated at 50oC for 10 min, and volatile compounds 
were extracted using a solid phase microextraction fiber 
(50/30 m divinylbenzene/carboxen/polydimethylsilo-
xane, Supelco, Bellefonte, PA, USA) for 20 min. The fiber 
was desorbed using a gas chromatography injector port 
at 250oC for 5 min. Separation of the desorbed volatiles 
were achieved by gas chromatography-mass spectrome-
try (Agilent 7890A GC-7000 Mass Triple Quad, Agilent 
Technologies, Inc., Santa Clara, CA, USA) equipped with 
a capillary column (DB-WAX, 60 m×0.25 mm×0.25 
m, J&W Scientific, Folsom, CA, USA) and a quadrupole 
mass detector. The injector was operated at split mode 
with a split ratio of 5:1. Helium gas was used as the car-
rier gas with a constant flow rate of 0.8 mL/min. The gas 
chromatography oven temperature started at 32oC for 10 
min, increased to 40oC at 3oC/min and held for 15 min, 
increased to 160oC at 3oC/min, then increased to 230oC 
at 4oC/min and then held for 5 min. The mass spectro-
meter was used in the electron ionization mode with the 
ion source temperature set at 230oC, and the ionization 
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energy set at 70 eV. The scan mode was used and the 
scan range was 25 to 400 m/z. The MassHunter Qualita-
tive Analysis B.04.00 software (Agilent Technologies, 
Inc.) was used for data analysis. Identification of volatile 
compounds was performed by comparing mass spectra 
with National Institute of Standards and Technology 
mass spectral libraries (2011 version, National Institute 
of Standards and Technology, Gaithersburg, MD, USA). 
Volatile compound contents were calculated from peak 
areas.

Phenolic content and flavonoid content determination
Total phenolic and flavonoid contents were determined 
by the methods of Pourmorad et al. (2006), with modi-
fications. The total phenolic content was determined by 
mixing the sample solution (1 mg/mL) with Folin-Cio-
calteu reagent and 10% (w/v) sodium carbonate, and the 
reaction was incubated in the dark. The final product was 
measured at 715 nm using an ultraviolet-visible (UV/Vis) 
spectrophotometer. The total phenolic contents of fresh 
and boiled bamboo shoots were calculated against calibra-
tion curves of gallic acid [milligrams of gallic acid equiv-
alent (mg GAE) per gram of dry weight (dw)]. The total 
flavonoid content was determined by mixing the sample 
solution (1 mg/mL) with 5% of NaNO2, 10% of AlCl3, 
and 1 M of NaOH. The reaction mixture was incubated at 
the room temperature. The final product was measured 
at 415 nm by using a UV/Vis spectrophotometer. The 
total flavonoid content was calculated against a calibra-
tion curve of quercetin [milligrams of quercetin equiv-
alent (mg QE) per gram of dw].

Radical scavenging efficiency assays
Radical scavenging activities of fresh and boiled bamboo 
shoots extracts were determined using DPPH･ and 
ABTS･+ assays. For DPPH･ assays, sample solution (10 
L) was mixed with 90 L of 0.1 mM DPPH and the 
mixture was incubated at room temperature in the dark 
for 15 min. The absorbance of the final product was de-
termined using a UV/Vis spectrophotometer at 517 nm. 
For ABTS･+ assays, sample solution (10 L) was mixed 
with 90 L of ABTS･+, and the mixture was incubated at 
room temperature in the dark for 6 min. The absorbance 
of the final product was determined using a UV/Vis spec-
trophotometer at 734 nm. The percentage of inhibition 
was calculated as following:

Inhibition (%)=
A0−As

×100
A0

where A0 is absorbance without sample and As is absorb-
ance with sample.

Enzyme inhibition assays
The enzyme inhibitory assays of crude methanol extracts 
of fresh and boiled bamboo shoots were investigated by 
following the method of Sansenya et al. (2021), with 
modifications. For -glucosidase activity assays, 4-pNPG 
was used as the substrate. Sample solution (10 L; 1.0 
mg/mL) was mixed with 5.0 L of -glucosidase (0.05 
mg/mL), 5.0 L of 4-pNPG (5 mM), and 80 L of 50 mM 
phosphate buffer pH 6.8. The mixture was incubated at 
30oC for 30 min, before the reaction was stopped by ad-
dition of 100 L of 0.5 M Na2CO3. The final product was 
measured at 405 nm by using a spectrophotometer. For 
-amylase activity assays, amylose was used as the sub-
strate. Sample solution (10 L; 1.0 mg/mL) was mixed 
with 10 L of -amylase (0.05 mg/mL), 10 L of amylose 
(0.05 mg/mL), and 70 L of 20 mM phosphate buffer pH 
6.8. The mixture was incubated at 30oC for 30 min, be-
fore the reaction was stopped by boiling in boiling water 
for 5 min. Release of reducing sugars (glucose) was de-
termined by peroxidase-glucose oxidase assays at 475 nm 
using a UV/Vis spectrophotometer. For tyrosinase activ-
ity assays, L-DOPA was used as the substrate. Sample 
solution (10 L; 1.0 mg/mL) was mixed with 5 L of ty-
rosinase (0.1 mg/mL) and 80 L of 20 mM phosphate 
buffer pH 6.8. The mixture was incubated at 37oC for 20 
min, following which 5 L of L-DOPA (5 mM) was added, 
and then the mixture was incubated at 37oC for a further 
20 min. The final product was measured at 492 nm by a 
spectrophotometer. The percentages of inhibition (-glu-
cosidase, -amylase, and tyrosinase) were calculated as 
follows:

Inhibition (%)=
A0−As

×100
A0

where A0 is absorbance without sample and As is absorb-
ance with sample.

Statistical analysis 
Experimental data was analyzed by paired sample t-tests, 
to determine significance differences between data points 
(P<0.05).

RESULTS

Cyanide content of bamboo shoots
The cyanide (HCN) contents of fresh and boiled sliced 
bamboo shoots are shown in Table 1. The cyanide content 
of fresh sliced bamboo shoots (140.40±5.34 mg/kg).

Phytochemical composition of bamboo shoot extracts
The fresh and boiled sliced bamboo shoot extracts both 
contained flavonoids and reducing sugars. However, ter-
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Table 1. Cyanide content of fresh and boiled sliced bamboo 
shoots (unit: mg/kg)

Samples Cyanine content

Fresh sliced bamboo shoots 140.40±5.34
Boiled sliced bamboo shoots ND

ND, not detected. 

Table 2. Phytochemical components in methanol extracts of 
fresh and boiled sliced bamboo shoots

Samples Flavo-
noids

Terpe-
noid

Reducing 
sugar

Fresh sliced bamboo 
shoot extracts

+ + +

Boiled sliced bamboo 
shoot extracts

+ ND +

+, present of compounds; ND, not detected.

Table 3. Volatile compound profiles of fresh and boiled sliced 
bamboo shoots

No. Compounds
Retention 

time 
(min)

Samples

I II

1 Ethyl acetate 9.486 + +
2 Ethanol 12.240 + +
3 2-Pentanone 14.306 ND +
4 Ethyl butyrate 19.654 + +
5 Ethyl benzene 30.717 ND +
6 2-Heptanone 37.300 ND +
7 3-Methyl-1-butanol 40.122 ND +
8 1-Pentanol 40.167 + ND
9 2-Pentylfuran 41.544 + ND
10 Styrene 42.808 ND +
11 Acetoin 44.686 ND +
12 2-Heptanol 47.703 ND +
13 Methoxybenzene 48.250 + +
14 1-Hexanol 49.449 + +
15 2-Ethylhexyl acetate 51.119 + ND
16 2-Nonanone 51.231 ND +
17 3-Ethyl-2-methyl-1,3-

hexadiene
52.340 + ND

18 1-Methoxy-4-methylbenzene 53.413 ND +
19 Ethyl octanoate 53.720 + ND
20 Acetic acid 53.841 + +
21 1-Octen-3-ol 54.331 + +
22 1-Heptanol 54.604 + ND
23 2-Ethyl-1-hexanol 56.208 + +
24 (E)-2-Hepten-1-ol 57.067 + ND
25 2-Nonanol 57.593 ND +
26 [R-(R*,R*)]-2,3-butanediol 58.230 + ND
27 2,3-Butanediol 59.759 ND +
28 [S-(R*,R*)]-2,3-butanediol 59.783 + ND
29 2-Undecanone 61.006 ND +
30 (E)-2-Octen-1-ol 61.446 + ND
31 1,2-Dimethoxybenzene 65.657 + ND
32 Methoxy-phenyl-oxime 66.901 + +
33 2-Tridecanone 69.202 ND +
34 (Z)-Dec-4-en-1-yl propyl 

carbonate
69.756 ND +

35 2-Methoxyphenol 70.534 + ND
36 Benzyl alcohol 71.128 + +
37 2-Methoxy-4-methylphenol 73.621 ND +
38 Phenol 74.962 + +
39 4-Methylphenol 77.121 + +
40 Ethyl palmitate 81.945 + ND
41 4-(1,1-Dimethylpropyl)phenol 85.133 + +

I, fresh sliced bamboo shoots; II, boiled sliced bamboo shoots.
+, present of compounds; ND, not detected. 

penoid was only present in fresh sliced bamboo shoot ex-
tracts (Table 2).

Volatile compound profile of bamboo shoot extracts
The volatile compound profiles of fresh and boiled sliced 
bamboo shoots contained 26 and 28 compounds, re-
spectively (Table 3). The volatile compounds contained 
in the fresh sliced bamboo shoots were ethyl acetate, eth-
anol, ethyl butyrate, 1-pentanol, 2-pentylfuran, methoxy-
benzene, 1-hexanol, 2-ethylhexyl acetate, 3-ethyl-2-meth-
yl-1, 3-hexadiene, ethyl octanoate, ecetic acid, 1-octen-3- 
ol, 1-heptanol, 2-ethyl-1-hexanol, (E)-2-hepten-1-ol, [R- 
(R*,R*)]-2,3-butanediol, [S-(R*,R*)]-2,3-butanediol, (E)- 
2-octen-1-ol, 1,2-dimethoxybenzene, methoxy-phenyl- 
oxime, 2-methoxyphenol, benzyl alcohol, phenol, 4- 
methylphenol, ethyl palmitate, and 4-(1,1-dimethylpro-
pyl)phenol. The volatile compounds contained in the 
boiled sliced bamboo shoots were ethyl acetate, ethanol, 
2-pentanone, ethyl butyrate, ethyl benzene, 2-heptanone, 
3-methyl-1-butanol, styrene, acetoin, 2-heptanol, meth-
oxybenzene, 1-hexanol, 2-nonanone, 1-methoxy-4-meth-
ylbenzene, acetic acid, 1-octen-3-ol, 2-ethyl-1-hexanol, 
2-nonanol, 2,3-butanediol, 2-undecanone, methoxy-phe-
nyl-oxime, 2-tridecanone, (Z)-dec-4-en-1-yl propyl car-
bonate, benzyl alcohol, 2-methoxy-4-methylphenol, phe-
nol, 4-methylphenol, and 4-(1,1-dimethylpropyl)phenol. 
All the volatile compounds identified in both the fresh 
and boiled sliced bamboo shoots were alcohols (20 com-
pounds); furthermore, 6 were ketones; 6 were esters; 5 
were aromatics; 2 were alkanes; 1 was carboxylic acids; 
and 1 was an amine.

Total phenolic and flavonoid contents of bamboo shoots 
extracts
The total phenolic and flavonoid contents of fresh and 
boiled sliced bamboo shoot extracts are shown in Table 4. 

In fresh sliced samples, the total phenolic and flavonoid 
contents were 12.12±0.12 mg GAE/dw and 1.60±0.11 
mg QE/dw, respectively, compared with 9.27±0.27 mg 
GAE/dw and 0.89±0.01 mg QE/dw, respectively, in the 
boiled sliced samples. These results indicate that the to-
tal phenolic and flavonoid contents of the fresh extracts 
were significantly (P<0.05) higher than those of the 
boiled extracts.
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Table 4. Total phenolic and flavonoid contents in the methanol extractsof fresh and boiled sliced bamboo shoots

Samples Total phenolic content 
(mg GAE/dw)

Total flavonoid content
(mg QE/dw)

Fresh sliced bamboo shoot extracts 12.12±0.12a 1.60±0.11a

Boiled sliced bamboo shoot extracts 9.27±0.27b 0.89±0.01b

Different letters (a,b) indicate significant differences within the same column (P<0.05).
GAE, gallic acid equivalent; QE, quercetin equivalent.

Table 5. The radical scavenging potential of the methanol extracts of fresh and boiled sliced bamboo shoots

Samples 
Radical scavenging potential
(% inhibition at 0.1 mg/mL)

ABTS･+ DPPH･

Fresh sliced bamboo shoot extracts 29.78±0.65a 19.43±1.20a

Boiled sliced bamboo shoot extracts 12.43±0.40b 16.00±0.37b

Different letters (a,b) indicate significant differences within the same column (P<0.05).

Table 6. Enzyme inhibitory potential of the methanol extracts of fresh and boiled sliced bamboo shoots

Samples 
Enzyme inhibition

(% inhibition at 0.1 mg/mL)

-Glucosidase -Amylase Tyrosinase

Fresh sliced bamboo shoot extracts 61.30±0.45a 37.00±1.82a 26.57±0.57a

Boiled sliced bamboo shoot extracts 21.40±0.31b 20.01±0.80b 19.11±0.60b

Different letters (a,b) indicate significant differences within the same column (P<0.05).

Radical scavenging potential of bamboo shoot extracts
The radical scavenging potential of fresh and boiled sliced 
bamboo shoots extracts were determined by ABTS･+ and 
DPPH･ assay (Table 5). The radical scavenging activity of 
fresh sliced bamboo shoot extracts was significantly (P< 
0.05) higher than that of the boiled extracts. ABTS･+ rad-
ical monocation and DPPH･ radical scavenging activities 
of the fresh extracts were approximately 2.40- and 1.21- 
fold higher, respectively, than those of the boiled extracts.

Enzyme inhibition potential of bamboo shoot extracts
The inhibitory activities of fresh and boiled sliced extracts 
against -glucosidase, -amylase and tyrosinase are 
showed in Table 6. The inhibitory activity against all 
three enzymes was significantly higher (P<0.05) for the 
fresh extracts than the boiled extracts. The highest in-
hibitory activity of the fresh extracts was obtained for 
-glucosidase (61.30±0.45% inhibition), approximately 
2.90-fold higher than for the boiled extracts. The percent 
inhibitory activity against -amylase and tyrosinase was 
approximately 1.85- and 1.40-fold higher, respectively, 
for the fresh extract than the boiled extract.

DISCUSSION

Cyanide (cyanogenic glycoside) is found in bamboo 

shoots. The cyanide content varies between different 
bamboo species and between different portions within 
the shoots (Satya et al., 2012). The cyanide content in 
sliced bamboo shoots of Dendrocalamus asper Back. was 
140.40±5.34 mg/kg. However, the cyanide content is 
higher in other Dendrocalamus species; for example, it has 
been shown reported at 900∼1,000 mg/kg and 894 mg/ 
kg in Dendrocalamus giganteus (Ferreira et al., 1995). Fur-
thermore, Bambusa pallida, Bambusa tulda, and Bambusa 
balcooa have cyanide contents of 130∼270 mg/kg, 170∼ 

830 mg/kg, and 620∼2,150 mg/kg, respectively (Satya 
et al., 2012). Our results and those previously reported 
support that the cyanide content of bamboo shoots var-
ies between different species of bamboo, and in different 
portions of the shoots. The concentration of cyanide that 
has acute effects on human health is 0.5∼3.5 mg/kg body 
weight (Pandey and Ojha, 2014). Thus, consumption of 
fresh bamboo shoot may be not beneficial for human 
health due to its high cyanide content.

Removing cyanide (such as through boiling, steaming, 
and fermentation) may be important to allow for bam-
boo shoot consumption. However, these cooking process 
may impact the nutritional content of bamboo shoots 
(Wang et al., 2020). We did not detect cyanide in the 
bamboo shoots of Dendrocalamus asper Back. after boiling 
for 30 min. A previous study by Rawat et al. (2015) 
showed that boiling for 20 min reduces the cyanide con-
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Table 7. Major volatile compounds in bamboo shoots

No.

Fresh sliced 
bamboo shoots

Boiled sliced 
bamboo shoots

Compounds Peak 
area (%) Compounds Peak 

area (%)

1 4-Methylphenol 68.15 4-Methylphenol 34.16
2 Phenol 19.95 Acetic acid 22.41
3 Acetic acid 3.87 2-Nonanone 6.80
4 Ethyl acetate 3.45 Phenol 6.12
5 Ethanol 0.54 2-Heptanone 5.77

Fig. 1. The chemical structure of 4-methyphenol, 2-methox-
yphenol, and 2-pentylfuran which these chemical compounds 
had related to biological activity such as -glucosidase, -amy-
lase, and tyrosinase inhibitory activity.

tent of whole bamboo shoots of Dendrocalamus hamiltonii 
and Dendrocalamus giganteus by over 87%. Moreover, boil-
ing sliced bamboo shoots for over 15 min reduces the 
cyanide content by over 90%. These data combined with 
the results of the current study indicate boiling can re-
duce the cyanide content to an amount that does not ad-
versely affect human health. However, the boiling proc-
ess and the slicing techniques may also impact the nutri-
tional content of bamboo shoots.

Boiling for 30 min decreased the total phenolic and fla-
vonoid contents, and radical scavenging potential of bam-
boo shoots extract (Dendrocalamus asper Back.). In general, 
the radical scavenging potential of plant extracts is close-
ly related to the total phenolic and flavonoid contents of 
plant extracts (Al Amri and Hossain, 2018). A previous 
study reported that heating at 100oC for 30 min de-
creased the amounts of major flavonoid and phenolic 
compounds in plant extracts (Sharma et al., 2015). Fur-
thermore, Gunathilake et al. (2018) showed that boiling 
both decreased and increased the flavonoid content of 
edible leaves of different species. However, boiling de-
creased the antioxidant potential in all the different edi-
ble leaves compared with fresh leaves. In addition, the 
flavonoid content and antioxidant potential of the edible 
bamboo shoots Phyllostachys praecox C.D. and Dendrocala-
mus hamiltonii decreased after boiling compared to fresh 
samples (Zhang et al., 2011; Bajwa et al., 2018).

Our results showed that boiled sliced bamboo shoot 
extract had a 3.0-fold lower phenol content than fresh 
sliced bamboo shoots extract (Table 3 and 7). The phe-
nol is related to antioxidant activity and is rich in bamboo 
shoots (Wang et al., 2020). Certain other compounds 
with antioxidant properties (e.g., 4-methylphenol) were 
also reduced in bamboo shoot extracts by boiling (Kam-
meyer et al., 2019). 4-Methylphenol is the major compo-
nent in both fresh and boiled sliced bamboo shoot ex-
tracts (Table 7). Our results combined with those from 
previous studies suggest that boiling might be an effec-
tive method to decrease the flavonoid content, phenolic 
content, and antioxidant potential of bamboo shoots due 
to its ability to eliminate bio-active compounds related 
to antioxidant properties.
-Glucosidase and -amylase inhibitory potential of 

fresh sliced bamboo shoots extracts were significantly 
higher than those for boiled sliced bamboo shoots ex-
tracts (Table 6). Many natural -glucosidase and -amy-
lase inhibitors have been identified in the groups of plant 
flavonoids and phenolic compounds (Ali Asgar, 2013; 
Sarian et al., 2017). Boiled sliced bamboo shoot extracts 
exhibit lower -glucosidase and -amylase inhibitory ac-
tivity than fresh extracts, which may be due to the lower 
flavonoid and phenolic contents. Other natural products 
of bamboo shoots (e.g., terpenoid) have also been re-
ported to have a role in diabetes treatment (Putta et al., 
2016). We only detected terpenoid in fresh sliced bam-
boo shoots extract. The volatile compounds profile of 
bamboo shoots (Table 3) contains several compounds 
that inhibit -glucosidase and -amylase activity, includ-
ing 2-pentyl furan and 2-methoxyphenol (guaiacol) (Fig. 
1). These compounds were only identified in fresh ex-
tracts, with peak areas of 0.43% for 2-methoxy-phenol 
and 0.08% for 2-pentylfuran. Absence of compounds re-
lating to -glucosidase and -amylase inhibition in boiled 
extracts may explain why the boiled extracts have lower 
inhibitory activity against these enzymes than fresh ex-
tracts. Therefore, boiling can eliminate compounds with 
-glucosidase and -amylase inhibitory activity.

4-Methylphenol is the major component of both fresh 
and boiled sliced bamboo shoots (Fig. 1), with peak areas 
of 68.15% and 34.16% for fresh and boiled sliced bam-
boo shoots, respectively (Table 7). 4-Methylphenol and 
some its derivatives exhibit anti-melanin synthesis prop-
erties, and have shown to inhibit tyrosinase higher to a 
greater extent than Kojic acid (Kammeyer et al., 2019). 
The tyrosinase inhibitory activity of fresh sliced bamboo 
shoots extracts had significantly higher potential than its 
boiled extracts. The results suggests that the decrease in 
4-methylphenol by the boiling step might alter tyrosinase 
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inhibition potential of bamboo shoots extract.
In summary, this study evaluated the cyanide content, 

bio-active compounds, biological properties and volatile 
compounds profiles of fresh and boiled sliced bamboo 
shoots. The cyanide content of fresh sliced bamboo shoots 
is 140.40±5.34 mg/kg, but cyanide is undetectable in 
boiled sliced bamboo shoots. Furthermore, fresh sliced 
bamboo shoots contain flavonoids, terpenoid, and re-
ducing sugar. However, boiling impacted the volatile 
compound profile of bamboo shoots and decreasing the 
content of several bio-active compounds, including phe-
nolics and flavonoids. The free radical scavenging poten-
tial was similar between fresh and boiled extracts, how-
ever, higher free radical scavenging activity was observed 
for the former. Moreover, -glucosidase, -amylase, and 
tyrosinase inhibitory activities of fresh sliced bamboo 
shoots were higher than those of the boiled sliced bam-
boo shoots extracts.

These results indicate that boiled bamboo shoots are 
more suitable for consumption than fresh bamboo shoots, 
since fresh bamboo shoots have a high cyanide content. 
However, fresh bamboo shoots were more suitable than 
boiled bamboo shoots for the application in medicinal 
products and cosmetic products based on its biological 
compounds content and biological properties.
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