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for cone weight, cone diameter and seed weight, length, which had comparatively low genetic advance, 
selection is therefore, likely to be more effective in indicates that there was poor relationship between 
improving these traits. For cone length dominance and genotype and phenotype; selection therefore, will not be 
epistatic effects are probably of considerable value. Seed effective for this trait.

nsonkj ds /u&ò{kksa (flMjl nsonkjk] jkDlc th MkWu) ds 'kadq rFkk cht vfHky{k.kksa dk vkuqoa'kh; fo'ys"k.k
jkts'k 'kekZ
lkjka'k

o"kZ 2006 ds nkSjku fgekpy izns'k ds II/III xq.koRrk ds nsonkj (flMjl nsonkjk) ds [kM+ksa ls ckou /u&ò{kksa dk p;u fd;k x;kA ftudh 
vkSlr vk;q 80&100 o"kZ Fkh vkSj O;kl 50&60 ls0eh0 FkkA /u ò{kksa esa 'kadqvksa dh yEckbZ] 'akdqvksa dk O;kl o Hkkj] chtksa dh la[;k] chtksa dh 
yEckbZ] pkSM+kbZ rFkk Hkkj esa dkiQh vUrj (ih=0-05) ik;k x;k ftlls irk pyrk gS fd bu fo'ks"kdksa ds /ku ò{kksa esa dkiQh vkuqoa'kh; fofo/rk 
gSA 'kadqvksa dk O;kl 4-60 ls 8 ls0eh0] Hkkjr 82&302-80 xzk0] chtksa dh la[;k 120&230 rFkk chtksa dk Hkkj 8-86&16-35 xzke ds chp FkkA lHkh 
ekeyksa esa lacaf/r vkSlr ls ekud v'kqfn~/ de FkhA 28 lg&laca/ksa esa ls 'kadqvksa dk O;kl vkSj Hkkj 0-39] cht dh yEckbZ vkSj pkSM+kbZ 
0-48] cht dh yEckbZ vkSj Hkkj 0-62 rFkk cht dh pkSM+kbZ vkSj Hkkj 0-58 Fkk tks ldkjkRed vkSj mPp vkuqoa'kh; lg&laca/ dk ifjpk;d FkkA 
'kadq dk Hkkj tks mPp oa'kkxrrk esa 98&80% ik;k x;k mlesa mPpre vkuqoaf'kdrk izkfIr 67-50% Hkh fjdkMZ dh xbZA
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ESTIMATION OF CYNOGENIC CONTENT IN EDIBLE BAMBOO SHOOTS 
THROUGH PICRATE PAPER METHOD

1 1PANKAJ SINGH, RAMESHWAR DAS, SANJAY SINGH AND KUMARI PRIYA

Forest Chemistry Lab, Institute of Forest Productivity, Ranchi

ABSTRACT 

Bamboo shoots are delicious, taste sweet, rich in carbohydrate, protein, vitamin and essential amino acids. Despite 
these nutrtious quality, bamboo shoots have cynogenic glycosides which releases hydrocyanic acid (HCN) on 
hydrolysis. Picrate paper method was found convinient and reliable protocol to estimate hydrocyanic acid content in 
edible bamboo shoots. Present study was done on edible shoots of three bamboo including B. tulda and D. strictus and 
found that tender shoots of B. tulda are edible and good for human health as it has lower content of hydrocyanic acid. 
Overall middle part of the shoots contained maximum amount of HCN content in all species. 

Key words : Bamboo shoots, Picrate paper, Cynogenic gylcosides, HCN

Tender shoots of Bambusa tulda having lower content of HCN are edible and good for human health as 
confirmed in picrate paper test.

1Molecular Biology and Tree Physilogy Lab, Institute of Forest Prtoductivity, Ranchi

Introduction suitable for human consumption. Bamboo species with 
extremely high HCN content should altogether be Cosumption of tender shoots as vegetable is one 
avoided as food. Thus, the present study was undertaken among the several documented uses of bamboos. In fact, 
to estimate HCN content in different portions of young bamboo shoots are a traditional component of Asian 
shoots of three bamboo species employing convenient cuisine. Some common bamboo species like Bambusa 
picrate paper method which has been used even by nutans, Bambusa tulda, Dendracalamus strictus, D. 
farmers in abroad (Egan et al., 1998). hamiltonii, etc. produces edible shoots at varying periods 

of availability. Bamboo shoots are delicious, nutritious, Material and Method
taste sweet and keep the body cool. Edbile bamboo Two kinds of bamboo shoots (B. tulda and D. 
shoots are rich in carbohydrates, fat, protein, mineral strictus) and one market bamboo shoot (Unknown 
content and amino acids which are essential for human species) were used in this experiment. Bamboo shoots 
body (Tripathi, 1998; NMBA, 2009; Satya et al., 2010). were grown and harvested in the August-September 
Bamboo shoots are also valuable in pharmaceutical and 2012 in Chandwa, Ranchi. Processed marketed bamboo 
food processing industries and can be processed for shoots was purchased from the local market, Ranchi. 
beverages, medicines, additives or health foods (Park Cynogenic content in bamboo shoots was determined as 
and Jhon, 2010). per the pictrate paper procedure prescribed earlier 

(Bradbury et al., 1999). Briefly, took 25mg from each tip, Despite these merits , bamboo shoots have one 
middle and bottom portion of bamboo shoot and ground major antinutrient component which is cynogenic 
and placed in flat bottom plastic bottel. Immediately glycosides. Amygdalin, linamarin, taxiphyllin, dhurrin etc. 
added 0.5ml of 0.1M phosphate buffer at pH 6. After slow are some known cynogenic glycosides present in 
mixing, yellow picrate paper attached to plastic strip was cynogenic plants (Conn, 1969; Dilleman, 1958). Among 
placed in the bottel and closed properly. It was allowed to them, taxiphyllin is more frequently found in bamboo 
stand for 16-24 hours at room temperature. After this shoots (Fig.1). Taxiphyllin and Dhurin differ only in the 
immersed the orange-brown picrate paper in 5.0 ml of configuration of aglycone unit (Conn, 1969). Cynogenic 
distilled water for 30 min. with occasional gentle shaking. plants contains an enzyme system which is capable of 
Absorbance of the solution was measured at 510nm converting the cynogenic glycoside to sugar, HCN, and an 
(Spectroquant, PHARO, MERK) (Fig.2).aldehyde or ketone (Fig.2).
Statistical analysisThe concentration of HCN recommonded by WHO 

Three replicate trials for each experiment were for cassava flour is 10 ppm and a concentration of 
performed. The data were subjected to statistical 100ppm become lethal for human (FAO/WHO, 1991). 
analysis, employing analysis of variance (ANOVA), `F`-Thus, knowledge of actual HCN conc. in different edible 
test for significance at P£0.05 and computing LSD values bamboo species is essential for processing to make them 
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ckal ds [kkn~; ;ksX; ouksa esa fiØsV isij in~/fr ls lkbukstsfud ek=kk dk vkdyu
iadt flag] jkes'oj nkl] lat; flag rFkk dqekjh fiz;k

lkjka'k
ckal ds rus Lokfn"V] ehBs] dkcksZgkbMªsV;qDr] izksVhu] foVkfeuksa vkSj lqjfHkr vehuksa vEy ls ifjiw.kZ gksrs gSA bu iks"kd xq.kksa ds ckotwn ckal 

ds ruksa esa lkbukstsfud XykbdksflM~l gksrk gS tks gkbMªksysfll ij gkbMªkslkbfud vEy NksM+rk gSA HkksT; ckal ruksa esa gkbMªkslkbfud vEy dh ek=k 
dk vkdyu djus ds fy, fiØsV isij in~/fr dks ljy vkSj fo'oluh; izksVksdksy ekuk x;kA orZeku vè;;u] ch- V~YMk] Mh- fLVªDVl lfgr rhu 
ckalksa ds HkksT; ruksa ij fd;k x;k ftuesa gkbMªkslkbfud vEy dh ek=kk de gksrh gS vkSj tks ekuo LokLF; ds fy, mÙke gksrs gSA dqy feykdj 
lHkh iztkfr;ksa ds ruksa ds eè; Hkkx esa ,plh,u dh ek=kk mPpre gksrh gSA
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are hydroxylated, then the N-hydroxylamino acids are 
converted to aldoximes and these are converted into 
nitriles and hydroxylated to α-hydroxynitriles and then 
glycosylated to cyanogenic glycosides (Bleihert et al., 
1966; Conn, 1969; Chang and Hwang, 1990). All known 
cyanogenic glycosides are β-linked, mostly with D-
glucose. Advantages of picrate method over other 
method is that the developed yellow-orange-brown 
colour of the picrate paper was stable for 48 h and the 
colour can be quantitaively eluted off the paper and its 
intensity determined spectrophotometrically (Egan et 
al., 1998). HCN content in bamboo shoots ranges from 
0.3% to 0.8% out of which 0.16% of the total cyanide 
present in the tip portion (Haque and Bradbury, 2002). 

to separate means in different statistical groups using However, Chaudhary et al. (2010) reported that B. tulda 
statistical software IBM SPSS version 18. has lower cyanide content in tip portion. We have also 

found that all three bamboo shoots contain low amount Result and Discussion 
of HCN in tip portion (Table 1).Since bamboo shoots are popular food in 

A WHO report (1993) states that the concentration Jharkhand during monsoon season, commonly known as 
of cyanide in the immature shoot tip of bamboo is 8000 'sandhana' in local market, hence it is equally important 
mg/kg of hydrogen cyanide, whereas Ferreira et al. to know the level of cynogenic content in these shoots 
(1995) report that bamboo shoots contain as much as which is important from human safety point of view. 
1000 mg/kg of hydrogen cyanide in the apical part. The Occurrence of taxiphyllin, a cyanogenic glycoside in raw 
most probable reason for this observation may be some shoots, and its side effect on human health demands for 
enviornmental and physiological factors. However, our the innovate processing ways using scientific input to 
findings in relation to middle and basal portion are in eliminate the toxic compound without disturbing the 
agreement with the previous investigations (Chaudhay et nutrient reserve. The biosynthetic precursors of the 
al., 2010, 2012), who reported that maximum HCN cyanogenic glycosides are different L-amino acids, which 

Bamboo Species Shoots 
portion

 

Cynogen content 
(mg/kg)

 
Bambusa tulda  Tip 139 

Middle 448 
Bottom 289 

Dendrocalamus 
strictus 

Tip 350 
Middle 772 
Bottom 361 

Processed 
marketed 
Bamboo shoots 

Tip 255 
Middle 575 
Bottom 382 

LSD0.05  160.16 
 

Table 1 : Cynogen content avalable in bamboo shoots by picrate 
                paper method.

Fig.1 : Some common structures of cynogenic glycosides found in cynogenic plants (Conn, 1969 and Dilleman, 1958) 

Further, the type of processing used can have an effect on 
the remaining cyanide content of the processed food. 
The most common indigenous methods applied by the 
tribal people include chopping of tender shoots into 
small pieces (known as 'sandhana' in Jharkahnd), partial 
drying of fresh shoots, boiling in water/salt water and 
draining or keeping the tender shoot in hot water for 10-
15min (Bhatt et al., 2003). Maximum reduction in HCN 
content was found when boling of bamboo shoots are 
done for 25 min (Ferrira et al., 1995). However, when 
cynogenic bamboo shoots are eaten occassionaly there 
may be no symptoms of cyanide poisioning (Jones, 1998). 
Cynogenesis is a natural phenomenon occur in plant to 
prevent themselves against their enemies. The new 
shoots are brilliant for human consumption. To the best 
of our knowledge there is no report of poisining and 
death due to cyanide intake from edible bamboo shoots.

In conclusion, the picrate paper method appeared 
content available in middle portion followed by the basal as a viable way to have a quick and reliable estimate of 
portion of the shoots (Table 1). Edible shoots from D. HCN content in edible bamboo shoots. HCN content in 
strictus have higer HCN content as compared to shoots of studied bamboo species is comparable to other plants 
B. tulda. Our findings indicate that tender shoots of B. foods like other plant foods with values such as cassava, 
tulda are edible and good for human health as it has lima beans ranging from 660-3000mg/kg while the level 
lower content of HCN (Fig. 3). associated with fatal human poisoning is 2100 - 3120 mg 

Fortunately taxiphyllin is unusual amongst the 60 HCN/kg (EFSA, 2007; Gypta, 1987; Holzbecher,1984). 
or so known similar compounds in that it degrades Among these studied bamboo species, overall cynogenic 
readily in boiling water. Thus the normal preparation of content of B. tulda is lower indicating its suitability as 
bamboo shoots should remove any taxiphyllin problem. food. 

Fig. 2 : A schematic representation of the cynogenic hydrolysis and detection of HCN with Picrate paper

Fig. 3 : Cynogen content (mg/Kg) in three bamboo species.
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ckal ds [kkn~; ;ksX; ouksa esa fiØsV isij in~/fr ls lkbukstsfud ek=kk dk vkdyu
iadt flag] jkes'oj nkl] lat; flag rFkk dqekjh fiz;k

lkjka'k
ckal ds rus Lokfn"V] ehBs] dkcksZgkbMªsV;qDr] izksVhu] foVkfeuksa vkSj lqjfHkr vehuksa vEy ls ifjiw.kZ gksrs gSA bu iks"kd xq.kksa ds ckotwn ckal 

ds ruksa esa lkbukstsfud XykbdksflM~l gksrk gS tks gkbMªksysfll ij gkbMªkslkbfud vEy NksM+rk gSA HkksT; ckal ruksa esa gkbMªkslkbfud vEy dh ek=k 
dk vkdyu djus ds fy, fiØsV isij in~/fr dks ljy vkSj fo'oluh; izksVksdksy ekuk x;kA orZeku vè;;u] ch- V~YMk] Mh- fLVªDVl lfgr rhu 
ckalksa ds HkksT; ruksa ij fd;k x;k ftuesa gkbMªkslkbfud vEy dh ek=kk de gksrh gS vkSj tks ekuo LokLF; ds fy, mÙke gksrs gSA dqy feykdj 
lHkh iztkfr;ksa ds ruksa ds eè; Hkkx esa ,plh,u dh ek=kk mPpre gksrh gSA
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are hydroxylated, then the N-hydroxylamino acids are 
converted to aldoximes and these are converted into 
nitriles and hydroxylated to α-hydroxynitriles and then 
glycosylated to cyanogenic glycosides (Bleihert et al., 
1966; Conn, 1969; Chang and Hwang, 1990). All known 
cyanogenic glycosides are β-linked, mostly with D-
glucose. Advantages of picrate method over other 
method is that the developed yellow-orange-brown 
colour of the picrate paper was stable for 48 h and the 
colour can be quantitaively eluted off the paper and its 
intensity determined spectrophotometrically (Egan et 
al., 1998). HCN content in bamboo shoots ranges from 
0.3% to 0.8% out of which 0.16% of the total cyanide 
present in the tip portion (Haque and Bradbury, 2002). 

to separate means in different statistical groups using However, Chaudhary et al. (2010) reported that B. tulda 
statistical software IBM SPSS version 18. has lower cyanide content in tip portion. We have also 

found that all three bamboo shoots contain low amount Result and Discussion 
of HCN in tip portion (Table 1).Since bamboo shoots are popular food in 

A WHO report (1993) states that the concentration Jharkhand during monsoon season, commonly known as 
of cyanide in the immature shoot tip of bamboo is 8000 'sandhana' in local market, hence it is equally important 
mg/kg of hydrogen cyanide, whereas Ferreira et al. to know the level of cynogenic content in these shoots 
(1995) report that bamboo shoots contain as much as which is important from human safety point of view. 
1000 mg/kg of hydrogen cyanide in the apical part. The Occurrence of taxiphyllin, a cyanogenic glycoside in raw 
most probable reason for this observation may be some shoots, and its side effect on human health demands for 
enviornmental and physiological factors. However, our the innovate processing ways using scientific input to 
findings in relation to middle and basal portion are in eliminate the toxic compound without disturbing the 
agreement with the previous investigations (Chaudhay et nutrient reserve. The biosynthetic precursors of the 
al., 2010, 2012), who reported that maximum HCN cyanogenic glycosides are different L-amino acids, which 

Bamboo Species Shoots 
portion

 

Cynogen content 
(mg/kg)

 
Bambusa tulda  Tip 139 

Middle 448 
Bottom 289 

Dendrocalamus 
strictus 

Tip 350 
Middle 772 
Bottom 361 

Processed 
marketed 
Bamboo shoots 

Tip 255 
Middle 575 
Bottom 382 

LSD0.05  160.16 
 

Table 1 : Cynogen content avalable in bamboo shoots by picrate 
                paper method.

Fig.1 : Some common structures of cynogenic glycosides found in cynogenic plants (Conn, 1969 and Dilleman, 1958) 

Further, the type of processing used can have an effect on 
the remaining cyanide content of the processed food. 
The most common indigenous methods applied by the 
tribal people include chopping of tender shoots into 
small pieces (known as 'sandhana' in Jharkahnd), partial 
drying of fresh shoots, boiling in water/salt water and 
draining or keeping the tender shoot in hot water for 10-
15min (Bhatt et al., 2003). Maximum reduction in HCN 
content was found when boling of bamboo shoots are 
done for 25 min (Ferrira et al., 1995). However, when 
cynogenic bamboo shoots are eaten occassionaly there 
may be no symptoms of cyanide poisioning (Jones, 1998). 
Cynogenesis is a natural phenomenon occur in plant to 
prevent themselves against their enemies. The new 
shoots are brilliant for human consumption. To the best 
of our knowledge there is no report of poisining and 
death due to cyanide intake from edible bamboo shoots.

In conclusion, the picrate paper method appeared 
content available in middle portion followed by the basal as a viable way to have a quick and reliable estimate of 
portion of the shoots (Table 1). Edible shoots from D. HCN content in edible bamboo shoots. HCN content in 
strictus have higer HCN content as compared to shoots of studied bamboo species is comparable to other plants 
B. tulda. Our findings indicate that tender shoots of B. foods like other plant foods with values such as cassava, 
tulda are edible and good for human health as it has lima beans ranging from 660-3000mg/kg while the level 
lower content of HCN (Fig. 3). associated with fatal human poisoning is 2100 - 3120 mg 

Fortunately taxiphyllin is unusual amongst the 60 HCN/kg (EFSA, 2007; Gypta, 1987; Holzbecher,1984). 
or so known similar compounds in that it degrades Among these studied bamboo species, overall cynogenic 
readily in boiling water. Thus the normal preparation of content of B. tulda is lower indicating its suitability as 
bamboo shoots should remove any taxiphyllin problem. food. 

Fig. 2 : A schematic representation of the cynogenic hydrolysis and detection of HCN with Picrate paper

Fig. 3 : Cynogen content (mg/Kg) in three bamboo species.
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ABSTRACT

Dalbergia sissoo (Shisham) is an important tree species for production of quality timber. The genetic diversity of 
shisham is very low; which has perhaps resulted in increased infestation by diseases and insect-pest attack. The species 
is eclipsed with one of the most important disease called dieback wilt caused by Fusarium solani f. sp. dalbergiae. The 
biotic and abiotic factors help in the spreading of diseases in the plantation trials of shisham. In the plantation trial at 
Hoshiyarpur (Punjab) the dieback wilt causes the tremendous damage to standing trees of shisham. Mortality was 
found highest (7.65%) for the experimental trials of shisham that includes a total of 49 clones and rametes. The disease 
was spreading rapidly and affecting the other healthy plantation of the trials. The serious preventive management 
efforts and mitigation measures are required to protect the shisham trials.

Key words : Agro-forestry, Diseases, Insect-pest and Genetic diversity.

Shisham mortality is due to dieback wilt caused by Fusarium solani which is spreading in plantation trials 
with the help of some biotic and abiotic factors.

1 Punjab Forest Department, Hoshiarpur, Punjab
2 Division of Botany, FRI, Dehradun-248 006, Uttarakhand

Introduction compact plantations growing in waterlogged and marshy 
tracts (Khan, 2000).Shisham (Dalbergia sissoo Roxb.) occurs naturally 

up to 1000 m. msl sometimes even up to 1500 m msl, Disease incidence across the globe: The species is 
from the Kabul river in Afghanistan through Northern planted as a major timber tree under various plantation 
Pakistan, Northern India, Nepal, Bhutan and Bangladesh. programmes on road side, canal side, river catchments 
According to Troup (1921), it is very likely that D. sissoo is and also block plantations on waste lands in north and 
indigenous only to the sub- Himalayan tract, planted eastern India. Farmers also plant shisham for higher 
throughout Pakistan, India and terai regions of Nepal. It economic returns from their landholdings under agro-
was successfully introduced to other parts of Asian sub- forestry system. In recent years a serious disease called 
continent as well as southeast Asia, Africa, middle east, dieback of shisham has eclipsed in species (Chaturvedi et 
caribbean, tropical America, and Florida as well as al., 2002). In some early investigations, Parker (1918) 
Arizona in United States. It is found under cultivation in reported that Fomes lucidum attacks the roots of living 
tropical to subtropical Africa and Asia, viz. Java, Nigeria, sissoo trees and speedily cause their death. Troup (1921) 
Mauritius, Sri Lanka, Kenya, Northern Zimbabwe, stated that the much more dangerous fungus is Fomos 
Palestine and South Africa (Tewari, 1994). Although, as a lucidus which is responsible for high mortality of sissoo 
species, it extends up the Indus valley to Attock, but does trees in plantations and elsewhere. Khan et al. (1965) 
not dominate over any appreciable area (Champion et advocated that mortality of sissoo is a physiological 
al., 1965). problem brought about by soil-cum-irrigation factors. 

The temperature and wind play an indirect role. Bakshi Suitable environmental conditions for shisham growth: 
(1954) showed that Fusarium solani is responsible for It occurs naturally in riverine environments where 
causing wilt and death of sissoo. The infection occurs sunlight and moisture are plentiful with annual rainfall 
through roots from where the fungus proceeds along the averaging 500 to 4500 mm with temperature ranges from 
stem to some extent. It is evident that the pathogens are 4°C to 50°C. It is tolerant to light frosts; however sensitive 
soil-borne. Khan and Bokhari (1970) conducted a study to low temperatures or long freezes. It grows on sandy 
and concluded that amongst the commonest pathogens and gravely alluvium well drained soils along the 
of sissoo is Fomes lucidum, a root and heart rot fungus riverbeds and on landslips (Chaturvedi et al., 2002). 
that causes extensive damage once it is established. The Though, it easily survives periodic flooding, does not 
other fungi which affect sissoo are Poria ambigua and survive under waterlogged conditions. Also, the die-back 
Polyporus gilvus which cause die-back and canker. Wilt is of D. sissoo is a common occurrence among single tree or 
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