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1. Introduction

Non-timber forest products (NTFPs) are products de-
rived from forests other than wood. NTFPs play an im-
portant role in the lives of tribal and marginalized people
for livelihood generation and meeting nutritional require-
ments. The commercial value of these products has been
increasing with time "',

Bamboos a type of giant arborescent grass belongs to
the family Poaceae and sub-family Bambuseae. More
than 1250 species belonging to 75 genera are distributed
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Bamboos form a unique group of giant arborescent grasses belonging to the
family Poaceae and sub-family Bambuseae. Bamboo leaves are the favorite
food of pandas and many other animals and are much valued as fodder.
Other than this, its uses in the food industry in various food products,
bamboo wine and as packaging material are being explored. Anti-oxidant
of bamboo leaves (AOB), a novel food anti-oxidant is used in many food
products and has been found to contain antioxidants, flavanoids and other
bioactive compounds that help in the prevention of various degenerative
diseases like cancer, diabetes, heart problems etc. However, there is no
systematic review that explores the nutritional value and uses of bamboo
leaves in different sectors. Therefore, this paper reviews the nutritional
composition and spectrum of usage in the food industry. Bamboo leaves
have great potential as a food additive and more research attempts on its
use as a nutraceutical and functional foods are needed.

worldwide, out of which 125 species are found in India
indicating that India has rich bamboo resources after
China . It is of immense significance in environment
protection as it prevents soil erosion and conserves soil
moisture. Despite its variable usage in the structural sec-
tor, it forms an essential component in the rural sector in
meeting livelihood requirements .

Various parts of bamboo are used for different purpos-
es. For instance, young tender bamboo shoots serve as an

important food source in fermented ¥ and dried forms "
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to many tribal communities and it also holds a lot of
medicinal value . Apart from shoots, leaves of bamboo
have been reported to have good antioxidant potential and
are mainly used as fodder for ruminants and serve as a fa-
vorite food of elephants & giant pandas '”'. Recently, many
biologically active components have been investigated in
bamboo leaves by several researchers and their potential
health benefits have been widely studied. Bamboo leaves
extracts have shown a positive effect in controlling var-
ious degenerative diseases like diabetes, cancer, heart
problems etc. Therefore, the addition of the extract con-
taining bamboo leaves serves as a functional food and
has various nutraceutical applications. However, there is
no systematic review of the uses and therapeutic benefits
of bamboo leaves. Therefore the present paper has made
an effort to comprehend the data based on the nutritional
composition, functional uses and therapeutic role of bam-
boo leaves.

2. Nutritional Composition of Bamboo Leaves

The nutritional composition of different species of
bamboo leaves has been analyzed globally by different re-
searchers. Bamboo leaves of 27 species were found to be
good in crude protein (9-19%) and crude fiber (18-34%).
However, they were rich in Ca, Mg, Cu and Mn, normal in
Zn and poor in P, K and Na *!. Seven bamboo leaf species
in Tripura were found to contain all the major nutrients
but deficient in minerals like P and rich in Ca, Fe & Mn ",

In a study, it revealed that the concentration of N, P, K,
Ca, Mg and S was 24.3, 1.34, 5.44, 4.08, 1.41, and 112.2
mg/kg respectively whereas the amount of micronutrients
for Fe, Mn, Cu, Zn, B and Mo was 144.3, 269.5, 4.23,
27.1, 5.6 and 9.6 mg/kg respectively in the bamboo leaves
(Phyllostachys pubescens) of Hubei Province of China !"”.
The crude protein, Acid detergent lignin, Neutral de-
tergent solubles and non-structural carbohydrates of 12
different bamboo leaves growing in the bamboo fields of
Himachal Pradesh ranged from 14.61 to 20.39%, 9.43%
to 4.87%, 21.47 to 34.62% and 1.10 to 12.06% respec-
tively. All the leaves had higher Ca (1.028-1.832%) and
low P (0.051-0.181%) and were also low in total phenols
(0.158-0.534%) ", The CP, CF, Ca and P content in 2
species of Bamboo viz D. strictus and B. arundiancae was
found to be 14.2, 23.5, 1.1, 0.2% and 18.6, 24.1, 0.6 and
0.2% respectively "', Another study done on three bam-
boo species viz. Bambusa vulgaris, Bambusa ventricosa,
and Oxytenanthera abyssinica noticed that all the species
contained saponins, general glycosides, coumarins and
cyanogenic glycosides. However, alkaloids, carotenoids,
triterpenoids and steroids, anthraquinones and anthracene
glycosides were not found in any of the species. B. vulgar-

is was found to be the safest of the three species analyzed
as it contained four classes of phytochemicals .

3. Antioxidant of Bamboo Leaves

The anti-oxidant of bamboo leaves (AOB) extracted
from Phyllostahys Sieb. et Zucc. genus, represented by
Phyllostachys nigra var. hnonis is a pale brown powder
containing flavonoids, lactones and phenolic acids. Fla-
vones C-glucosides represent the flavonoids in AOB. The
four flavone C-glucosides found in AOB include orientin,
homoorientin, vitexin and isovitexin. Other than these nar-
ingin-7-rhamnoglucoside, quercetin, luteolin, rutin, tricin,
caffeic acid, chlorogenic acid and phydroxy coumaric acid
are the other polyphenols present in AOB. AOB, a novel
food anti-oxidant approved by the Food Additive Stand-
ardization Committee of the People’s Republic of China
on December 28, 2003, has been listed in the state stand-
ard GB-2760 (Hygienic Standards for Food Additives in
Use) since April 2004. In addition to its multiple physio-
logic and pharmacologic activities, AOB can be used as
a food antioxidantlt in edible oil, meat products, aquatic
products and other foods with the maximum dosage of
0.50 g/kg "' 1t is important to evaluate the toxicity of
the usage of AOB in food systems. The safety of AOB
was examined using Kun-Ming mice and Sprague-Daw-
ley rats in a 90-day oral toxicity study. Administration of
AOB at levels of 1.43, 2.87 and 4.30 g/kg per day to the
rats for 90 days did not stimulate any significant hemato-
logical, clinical, chemical or histopathological changes.
The study clearly indicates that the maximum tolerated
dose (MTD) of AOB showing no mutagenic evidence
was > 10 g/kg body weight in both rats and mice .
Moreover in another safety study a no-observed ad-
verse-effect level (NOAEL) of 4.30 g/kg per day indicated
its safe use as food additive when tested for teratogenic
effects of AOB "),

Flavanoids in Bamboo Leaves

Flavonoids are a group of plant polyphenol secondary
metabolites and generally occur as glycosylated deriv-
atives. They are widely distributed in medicinal plants,
fruit juices, teas and health beverages and contribute to
the brilliant shades of blue, scarlet, and orange, in leaves,
flowers, and fruits in seeds, nuts, grains, spices, and bev-
erages, such as wine (particularly red wine), tea, and (at
lower levels) beer "'"'* In recent years the health effects
of flavonoids have gained attention as epidemiological
studies indicate that they act as antioxidants "*** and
show an inverse association with risk of cardiovascular
diseases *'* and different types of cancer **.

Six phenolic acids namely chlorogenic, ferulic, cou-
meric, protocatechuic, vanillic and coffeic acids were
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extracted from Bambusa arundinacea leaves . In one
study, flavanoid concentration varied in different parts of
bamboo plant and it was found to be highest in bamboo
leaves amounting to 3.44% %, Another study observed
that the total flavonoid ranged from 0.67-1.71% in bam-
boo leaves *”'. As per a study, four flavone C-glycosides,
i.e. Orientin, homoorientin, vitexin and isovitexin were
extracted from concentrated AOB **. Food systems for-
tified by AOB such as high temperature sterilized milk,
sunflower seed oil and extruded rice cake were found to
contain these four flavone C-glucosides *. Phlorogluci-
nol, hydrocaffeic acid & phloretic acid were found to be
the metatiolites of flavone C-glucosides. The fate of me-
tabolism studied in rats revealed its poor GI absorption,
but prolonged retention time in the colon suggesting a
strong antioxidant activity .

4. Uses of Bamboo Leaves

Bamboo leaves find their uses in a wide range of prod-
ucts and can prove to be a potent nutraceutical and an
important food additive in different foods exhibiting an-
tioxidant capacity, and free radical scavenging potential.
It is also widely used as a favorite food for many animals

(Figure 1).
FOOD

BAMBOO
LEAVES

FODDER '
FOOD
PACKAGE ‘COOKIES
& CAKES

Figure 1. Multi-functional uses of bamboo leaves.

4.1 Potent Antioxidant

Sasa borealis (Poaceae), a perennial medicinal plant
is a major source of bamboo leaves in Korea. Butanol
extract of these leaves having two antioxidative flavo-
noid C-glycoside derivatives showed antioxidant activity
against oxidative damage "', Similar results were found
in another study where ethanol extracts of 17 species of
bamboo leaves contained flavonoids and phenolic acids
possessing strong antioxidative activity >, Tricin, a gly-
cosidic form extracted from concentrated solution of AOB
also occurring in rice bran is found useful for the preven-

. 33
tion of cancer .

Three chlorogenic acid derivatives isolated from bam-
boo (Phyllostachys edulis) were 3-O-(3‘-methylcaffeoyl)
quinic acid, 5-O-caffeoyl-4-methylquinic acid, and
3-O-caffeoyl-1-methylquinic acid were found to have a

B4 The antioxidant po-

significant antioxidant activity
tential of essential oils from the leaves of the 15 bamboo
species using the DPPH assays was evident in all the oils
with some showing greater antioxidant capacity obtained
from Bambusa multiplex . In another study, the bamboo
leaf extract of Phyllostachys praecox leaves could show
antioxidant activity at a concentration higher than 400 mg/
L . Bamboo leaf extract possessing goodness of Vitamin
C showed strong anti-oxidative property *'. Similar re-
sults were observed in the bamboo extracts (Phyllostachys
nigra var. henonis) having dose-dependently anti-oxidant
activity. Bamboo extracts inhibited xanthine oxidase
directly. Bamboo extracts may thus prove beneficial in
reducing cytotoxicity and could be used for the develop-
ment of whitening agents °*. Absolutely Hemicellulose
Senanensis (AHSS), a novel extract from Sasa senanensis
expressed antioxidative activity inhibiting the production
of lipid peroxide. Thus AHSS could be considered an
important ingredient in functional foods and other appli-
cations ™. A study detected the characteristic compounds
and evaluated the free radical scavenging capacity of
the bamboo leaves extract and bamboo shavings extract
(BSE). It contained characteristic flavonoids and phenolic
acids, such as chlorogenic acid, caffeic acid, ferulic acid,
p-coumaric acid, orientin, homoorientin, vitexin, and iso-
vitexin exhibiting the highest total phenolic content, total
flavonoids content and higher free radical scavenging in-
dicating that the extracts from different parts of the bam-
boo possess excellent antioxidant activity *”. Evaluation
of leaf extracts from B. textilis McClure indicated it as a
promising plant source of natural antioxidants *').

4.2 Fodder

Bamboo leaves are valued as fodder for ruminants
during scarcity of pasture. In some places bamboo foli-
age is considered the favorite food of giant pandas and
elephants “*. A study has proven that bamboo fodder
promotes high milk, ghee production and has positive
effects on animals, particularly young calves ). How-
ever, according to one report if bamboo leaves are fed
to lactating cows and buffaloes, it is believed that the
milk dries up very quickly and therefore bamboo fod-
der is only given to male bovines or old females “*'.

4.3 Cookies and Cakes
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Cookies with various levels of Bamboo leaves pow-
der (0, 3, 6, 9 and 12%) were made and investigated for
sensory characteristics. The result showed that cookies
made with 9% powder showed the highest preference as
compared to 3% which showed the lowest preference *.
Another study found that bamboo leaf powder added at
the rate 0%, 3%, 6%, 9% and 12% in the rice cake in-
creased the hardness and chewiness whereas decreased the
cohesiveness, springiness and adhesiveness of the cake.
The sensory characteristics were found to be stronger
with increasing powder content, whereas the softness and
dampness were weaker. The greatest overall satisfaction
was achieved by 6% added powder .

4.4 Bamboo Wine

A recent review article revealed that bamboo wine
made from bamboo leaves is an alcoholic extract of fer-
mented leaf and starchy food material rich in water-sol-
uble B vitamins and essential, nonessential amino acids
and various antioxidants and is considered safe for con-
sumption ", Fermented bamboo shoots are traditionally
used as flavoring agents when cooking different meats and
wild edible plants. The activated fiber of bamboo shoots
helps in the adsorption and neutralisation of heterocyclic
aromatic amines, a potent carcinogen generated during the
cooking of meats due to the Maillard reaction **.

4.5 Reduces Carcinogen

In order to reduce the carcinogenic agent acrylamide
formed during thermal processing of the food product,
AOB is used in many food systems. Several studies have
proved the efficacy and showed that the addition of AOB
with a 32% flavanoid content and antioxidant ratio of 0.1
and 0.5% decreased 57.8 & 59% acrylamide formation in
fried chickens wings with no change in original flavor &
odour ™. Similar studies done in fried bread sticks ®”,
potato crisps and french fries ©'! revealed that AOB has
the potential to reduce acrylamide content in fried bread
sticks, potato crisps & french fries by 82.9%, 74.1% and
76.1% respectively.

4.6 Food Packaging

The food industry is always on the lookout of new
packaging material. Research done on the chitosan film
developed by using ZnO nanoparticles and antioxidant
of bamboo leaves (AOB) showed the best mechanical
strength and the highest light transmittance. The study
suggests the use of chitosan/ZnO/AOB films as poten-
tial active packaging materials to extend the shelf-life of
packaged food in various food industries **. In another re-

cent study, antioxidant film prepared using carboxymethyl
cellulose-gelatin (CMC-Gel) and antioxidant of bamboo
leaves (AOB) mixture using casting method indicated that
the antioxidant films could be utilized for food packag-
ing for protecting food quality from the deterioration of
mechanical force, heat, light, and oxidative stress B3 In
another similar study, the effect of chitosan coating con-
taining antioxidant of bamboo leaves (AOB) on the shelf
life extension of silver carp (Hypophthalmicthys molitrix)
indicated that the coating treatments could effectively
retard the water loss, inhibit the growth of total viable
counts, reduce chemical spoilage, and increase the overall
sensory quality of silver carp ™%,

4.7 Antimicrobial Agents

A study on the antimicrobial activity against a range of
food borne pathogens using natural essential oils derived
from the leaves of Phyllostachys pubescens concluded
that the bamboo leaves essential oil could disrupt the
pathogen’s membrane integrity and thus could be a poten-
tial antimicrobial agent for future use ®”. Another study
investigated the antibacterial activities of essential oils
(EOs) extracted from bamboo leaves viz. Phyllostachys
heterocycla cv. Pubescens leaves. A study conducted on
the antibacterial effect of the three major monomeric com-
pounds (tricosane, cedrol and hexadecanoic acid) pres-
ent in bamboo leaf EOs found that cedrol possessed the
strongest antibacterial effect, followed by hexadecanoic
acid ",

Another study showed that the ethanol extract of the
Sasa borealis leaves inhibited the growth of all the food
poisoning bacteria indicating its use as an antimicrobial
agent ®. Another study explores an environment friendly
process of developing antibacterial silver nanoparticles
using bamboo leaves. It was found that the nanoparticles
using bamboo leaves exert antimicrobial activities against

. 3 58
E. coli and S. aureus strains °*.

5. Conclusions and Future Scope

Bamboo has become every man’s favorite grass in
recent times in view of its contribution to various sectors
like environment, construction, food and fodder. It is clear
from the study that bamboo leaves are valued as a source
of fodder for ruminants. AOB is a unique innovation of a
novel anti-oxidant approved by the Food Additive Stand-
ardization Committee of the People’s Republic of China
which can be used in edible oil, meat products, aquatic
products and other foods. Various studies done by a num-
ber of researchers suggest that bamboo leaves are loaded
with antioxidants and flavanoids which can help prevent
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cancer, diabetes, heart diseases etc. and also have the abil-
ity to delay aging with their anti-inflammatory activity.
Products made from bamboo leaves like bamboo beer and
bamboo wine are now becoming the new age inventions
as alcoholic beverages because of their potential health
benefits. Thus it can be of great importance as a raw mate-
rial to the functional food industry. Bamboo leaves being
a sustainable crop have the potential to gain commercial
popularity in the global market as functional food. Scien-
tific research attempts are required to validate healthier
products from the leaves and then popularize them in the
market place.

6. Way Forward

Bamboo leaves showing great potential as a nutraceuti-
cal food should be approved and promoted commercially
by the Indian government for various reasons. Firstly, it
can prove to be a promising functional food for humans
and help in preventing metabolic disorders like diabetes,
cancer, hypertension etc. to keep up the health of human
beings and ensure food security during times of famine
amongst the tribal communities. Secondly, it is a resilient
grass that is less impacted by the change in climate and
can support communities with food security during tough
times and can also help in combating the problems of mal-
nutrition and can lead to zero hunger achieving the SDG
formulated by the United Nations. Thirdly, the formu-
lation of recipes, food products and drugs from bamboo
leaves would provide a new avenue for income generation
to the tribal people including women and youth and can
strengthen skill development programs of the government.
Therefore keeping all these points in mind it is important
that research in this direction should be attempted.
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