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Abstract
Objective: The objective of this study was to evaluate the essential amino acid composition of  three tropical bamboo  materials 
(Bambusa  vulgaris)  to  determine  their  nutritional  suitability  as  integrated  organic  feed  supplements. Materials and Methods:
Bambusa  vulgaris  materials, including mature bamboo leaves, young bamboo shoots and bamboo charcoal, were analyzed in triplicate
to determine their essential amino acid composition using an automatic amino acid analyzer (PARTEN DA 7250) in a randomized complete
block design experiment. Results: Leucine was the most abundant amino acid obtained in the study, ranging from 0.42% in young
bamboo shoots to 5.19% in bamboo charcoal. Leucine was significantly higher in bamboo charcoal compared to the other bamboo
material samples. Arginine ranged from 2.55% in mature bamboo leaves to 3.94% in bamboo charcoal and was significantly higher in
bamboo charcoal than the other materials. The values observed for lysine in the study indicated a range from 2.50% in mature bamboo
leaves to 4.19% in bamboo charcoal. The highest significant value for lysine was observed in bamboo charcoal, followed by young
bamboo shoots and mature bamboo leaves, which had similar significant values. Methionine was only observed in bamboo charcoal
(1.50%), which also had the highest significant value. Conclusion: Among the bamboo materials used in this study, bamboo charcoal was
the best source of lysine and methionine, suggesting its possible use as fish feed supplement to improve fish growth performance in
aquaculture.
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INTRODUCTION

The development of commercial aquaculture feed has
traditionally been dependent on fishmeal due to its high
protein content, excellent amino acid profile, high digestibility
and general lack of antinutrients1,2. Fishmeal contains a
complete essential amino acid profile required for the protein
requirement of most freshwater fish species3. However, the
limited availability of fishmeal has created a need for a
replacement, taking into account all possible physiological or
metabolic consequences,  since amino acids play a vital role in
fish nutrition for  growth  and  metabolism and functional
roles in protein synthesis, energy deposition and health
maintenance and as substrates for key metabolic pathways4-8.

Due to high and unstable market price of fishmeal and its
limited availability as a feed ingredient, feed formulations have
shifted to alternative protein sources using limited fish meal or
animal proteins by blending plant-based protein concentrates
and supplemental amino acids from plant sources3. This
supplementation ensures that the amino acid content meets
or exceeds the requirements of freshwater fish in the right
proportion to increase growth and provide a better cost
benefit to fish farmers in developing countries9,10. A study on
plant-based protein diets found that the growth rates of
channel catfish fry fed soybean meal did  not  differ  from 
those fed fishmeal protein11.  The  growth  performance  and
intestinal function of Aigamo ducks and weaned piglets also
improved with supplementation of dietary bamboo charcoal
powder and bamboo vinegar solution12,13.

Many efforts have been made to produce high quality
animal products without using drugs to reduce environmental
contamination through efficient utilization of natural
substances from plants. Some plant-based substances, which
include wood charcoal, bamboo charcoal and coconut shell
charcoal, are not described in the scientific literature but are
used locally in conventional fish production14.

Bamboo charcoal can be used as a universal adsorbent
due   to   its   numerous   benefits   as   an environmentally-
friendly natural substance that is rich in amino acids,
flavonoids  and  several  other  polysaccharide  compounds
with synergistic inhibition potentials15,16. Additionally, fresh
bamboo shoots are rich in protein and contain 17 amino acids,
8 of which are essential for fish and human nutrition17-19.
Bamboo leaf extract is virtually non-poisonous, indicating its
suitability as potential organic feed material for freshwater fish
in integrated aquaculture of fish with livestock20,21.

It is important to identify an alternative low cost and
readily available fish feed material and create strategic
methods  to   increase   fish   production   using   organic   feed

materials  without  damaging  the  aquatic  environment22.
This study evaluated the essential amino acid composition of
tropical  bamboo  (Bambusa   vulgaris)  materials  to be used
as potential organic fish feed supplement in integrated
aquaculture.

MATERIALS AND METHODS

Experimental site: This research was conducted at the
Department of Animal Science Laboratory, Landmark
University Omu-Aran in Kwara State, which is located on
latitudes 8E and 9’N and on longitudes 50E and 61’E. It is
located  on  a  section  of  Elliu  Hill  and  is  the  highest  point
above  sea  level  in  Kwara  State  (Source:  Google  Earth,
2014:  Landmark University) with an average annual rainfall of
1273 mm.

Collection of plant materials:  The materials used in this study
(Bambusa  vulgaris) were collected at the citrus plantation at
Landmark University, Omu-Aran in Kwara State. Fresh and
green bamboo leaves were collected from 1.5 m above
ground level from stands that were more than three years old
and placed in a black polythene bag23. Pieces of bamboo
stems were also taken from matured Bambusa vulgaris for
further processing24.

Preparation of materials: Bamboo charcoal was prepared
from pieces of bamboo stem. The mature stem was cut into
small pieces and preserved in a tightly sealed container. Pieces
of the  bamboo stem were then burned inside an oven at
temperatures over 65EC23. When the fire was completely out,
the container was left to cool down completely before it was
opened25,26. The bamboo charcoal was then pounded into a
fine powder prior to amino acid analysis. The other bamboo
materials for the research which include bamboo leaves and
shoots were air dried for three weeks and were ground into a
uniform size using a blender. The materials were later sieved
to obtain fine powder for the amino acid analysis.

Amino acid profile: Amino acid content was determined
using an automatic amino acid analyzer (PARTEN DA 7250) at
the Central Laboratory, Landmark University, Omu-Aran in
Kwara State, Nigeria.

Statistical analysis: Data were  statistically  analyzed using a
one-way analysis of variance (ANOVA) with SPSS (Statistical
Package for Social Science) version 17.0. Differences  between
treatments means were compared by Duncan’s multiple range 
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Fig. 1(a-c): (a) Mature bamboo leaf powder (b) Young bamboo shoot powder and © bamboo charcoal powder

Table 1: Amino acid composition of dry powdered samples from different bamboo materials
Amino acids (%) Mature bamboo leaves Young bamboo shoots Bamboo charcoal
Arginine 2.550±0.02b 2.59±0.02b 3.940±0.05a

Phenylalanine 1.570±0.00b 1.48±0.03b 2.060±0.16a

Isoleucine 1.760±0.00b 1.55±0.02b 2.590±0.21a

Leucine 0.880±0.01b 0.42±0.02b 5.193±0.41a

Lysine 2.500±0.02b 2.69±0.03b 4.190±0.09a

Methionine 0.003±0.00b 0.00±0.00b 1.500±0.32a

Threonine 1.300±0.01b 1.06±0.01b 2.440±0.12a

Tryptophan 0.090±9.81b 0.05±0.00b 0.360±0.01a

Valine 1.160±0.02a 1.16±0.02a 0.780±0.02b

Histidine 0.480±0.02b 0.36±0.02b 1.920±0.01a

Each value is a mean of triplicate determinations±standard error, Means (in same row) with different superscripted letters differ significantly (p<0.05)

test27, while the standard error of mean was determined using
PAST version 2.17c. The significant level was set at p<0.05.

RESULTS

Arginine values ranged from 2.55% in mature bamboo
leaves to 3.94% in bamboo charcoal. Arginine was significantly
higher (p<0.05) in bamboo charcoal than the other materials;
similar significant values were found for mature bamboo
leaves and young bamboo shoots (p<0.05). Leucine was the
most abundant amino acid obtained in the study and ranged
from 0.42% in young bamboo shoots to 5.19% in bamboo
charcoal. Leucine was significantly (p<0.05) higher in bamboo
charcoal compared to the other bamboo material samples;
similar significant (p<0.05) values were obtained in mature
bamboo leaves and young bamboo leaves. The highest value
of isoleucine was found in bamboo charcoal (2.59%) followed
by mature bamboo leaves (1.76%) and the lowest value was
found  in  young  bamboo  foliage  (1.55%)  (Table 1). Bamboo

charcoal had the significantly highest value (p<0.05), while
similar significant (p<0.05) values were found in mature
bamboo leaves and young bamboo shoots. Mature bamboo
leaves and young bamboo shoots had the highest valine
content (1.16%), while bamboo charcoal had the lowest value
(0.78%). Similarly, mature bamboo leaves and young bamboo
leaves had significantly highest (p<0.05) value, while the
lowest  (p<0.005)  value   was   found   for   bamboo   charcoal.
Lysine values ranged from 2.50% in mature bamboo

leaves to 4.19% in bamboo charcoal; the highest (p<0.05)
value was found in bamboo charcoal, followed by young
bamboo shoots and mature bamboo leaves, which also had
similarly significant (p<0.05) values. Methionine was not
detected in mature bamboo leaves and young bamboo
shoots; however, methionine was present in bamboo charcoal
(1.50%), which also had the highest significant (p<0.05) value.
Bamboo charcoal had the highest threonine content (2.44%)
and  Young  Bamboo  Leaves  had  the  lowest  value  (1.06%).

193

 

(a) (b) (c) 



Pak. J. Nutr., 19 (4): 191-196, 2020

Bamboo charcoal had the highest significant (p<0.05) value
compared to the other bamboo materials, which were similar
to each other (p<0.05).
Tryptophan content ranged from 0.05% in young bamboo

shoots to 0.36% in bamboo charcoal. Bamboo charcoal had
the significantly highest (p<0.05) value, while similarly
significant (p<0.05) values were recorded in mature bamboo
leaves and young bamboo shoots. Phenylalanine content
ranged  from  1.48%  in  young  bamboo  shoots  to  2.06%  in
bamboo charcoal. Bamboo charcoal was significantly (p<0.05)
higher than the other materials in phenylalanine; similarly
significant (p<0.05) values were found in mature bamboo
leaves and young bamboo shoots in the current study.

DISCUSSION

While  bamboo  may  serve  as  potential  fish  feed
formulation, there is a paucity of data on its usage in fish
production and there are no detailed analyses of the amino
acid content in the Bambusa  vulgaris  species of bamboo in
Nigeria; as similarly reported19. This study identified 10 amino
acids inmature bamboo leaves, young bamboo shoots and
bamboo charcoal.
The protein content in fish feed material depends on the

ability of such materials to be utilized by fish in their diet. The
relative amount of amino acid content is a precursor for
alkaloids synthesis that is responsible for defense against
parasites and environmental stressors23.

This study reported that bamboo charcoal material
contained high quantities of arginine, which is the essential
amino acid responsible for growth performance and health
status in fish; however, fish cannot synthesize arginine alone
due to lack of the enzyme P5C synthase6. A similar finding was
reported for Moringa  peregrina   seeds which have the
highest composition of arginine26. Mature bamboo leaves,
young bamboo shoots and bamboo charcoal contain ten
essential amino acids that are not synthesized by humans.
These findings are in agreement with previous studies that
reported the availability of large amounts of amino acids in
various bamboo materials28,29.
The amino acid profile of bamboo materials in this study

were much higher than those in other edible vegetables,
including cabbage, carrot, onion, pumpkin and tomatoes29.
Bamboo charcoal has an abundance of leucine, lysine, arginine
and isoleucine in ranking order of abundance, with the least
values obtained for tryptophan, valine and methionine,
respectively30-34. These observations are in agreement with a

study that found leucine to be the highest in Moringa  oleifera 
compared to Detarium  microcarpum  and Bauhinia 
monandra35. Leucine is responsible for regulating blood sugar
concentration, growth of muscles/tissues and repair, hormone
synthesis, wound healing and energy production35,36.
However, leucine content in bamboo charcoal had the highest
value of amino acids in the current study. These values differ
from studies on corn grain, groundnut oil cake and cottonseed
meal30-32.
Young bamboo shoots in the current study had an

abundance of lysine, followed by arginine, but did not have
methionine, which is in agreement with previous studies on
amino acids profile of different bamboo species37-40.
The  composition  of  amino  acids  invariably  decreases

during the aging process in Bambusa  tulda, as reported by
researchers who observed cysteine as dominant amino acid
followed by tyrosine and lysine37,38. The current study on
bamboo materials from Bambusa  vulgaris  did not, however,
follow the trend of Bambusa  tulda.   In  mature bamboo
leaves,  arginine  content  was  the  highest,  followed  by
lysine and isoleucine, respectively. These findings  indicate
that  different  bamboo  species  may  have   different   types
of  amino  acids  at  different  stages  of  growth  and
development38.
The six free amino acids, which include alanine, aspartate,

glutamine, glycine and tyrosine, have been detected in
bamboo shoots; however, in the current study, no free amino
acids were detected39. Different parts of bamboo materials
possess unique patterns of amino acids, with tyrosine forming
the minor component in common available edible fruits and
vegetables; bamboo shoots contain a majority of total free
amino acids40-42. The findings of this study differ from the
current study, where tyrosine as free amino acid and
methionine as an essential amino acid were completely absent
in the young shoots of Bambusa  vulgaris.

CONCLUSION

The results from this study indicated the potential of
bamboo charcoal to be a feed supplement in aquaculture
nutrition and production research. Bamboo charcoal has high
composition of leucine, lysine and arginine as part of the
amino acids required by fish for rapid growth and good health
status in aquatic environment. This  study  will pave the way
for innovative ideas on the amino acids content of Bambusa
vulgaris species for bamboo research development as
formulated feed materials available in Nigeria.
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