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With the objective of widening the use of bamboo in the food industry, the present work aimed to produce and
characterize the young bamboo culm ﬂours from varieties Dendrocalamus asper, Bambusa tuldoides and Bambusa
vulgaris as potential sources of ﬁber and starch. The young culms were collected, cut in three sections (bottom,
middle, top), processed into ﬂour, and they were physically, chemically and technologically analyzed. The data
were obtained in triplicate and evaluated by means of average diﬀerences, using analysis of variance (ANOVA)
and Scott-Knott test (p < 0.05). The young bamboo culms ﬂours presented low values for moisture content
(< 10 g/100 g), protein, lipids and ash contents (< 3 g/100 g). Regarding the carbohydrates proﬁle, the ﬂours
were signiﬁcantly diﬀerent in their sugar, starch and total ﬁber contents. All ﬂour samples presented a potential
for ﬁber extraction (> 60 g/100 g), and the varieties B. vulgaris and D. asper, presented an additional potential
for starch extraction (16 and 10 g/100 g, respectively). Regarding technological characteristics, all ﬂours presented bright yellow color, lightly acidic pH (> 5.0), water solubility index (WSI) lower to 2.5%, excepting D.
asper, which presented a WSI superior to 7.5%. In this way, the evaluated young bamboo culms present potential
application in the food industry as ﬂours and as source of ﬁbers; in addition, the varieties D. asper and B. vulgaris
can also be used for starch extraction.

1. Introduction
International trade of bamboo and rattan increased constantly in the
last decades, and in 2012 accounted 2.5 billion dollars, according to
INBAR (International Network for Bamboo e Rattan) (INBAR, 2012). It
is a sector that has gained global attention, due to its fast development
and its potential for supporting a green sustainable growth. Bamboo is a
crop that does not require pesticides and has no history of plagues
propagation like soy, wheat or sugar cane crops (Silva & Costa, 2012).
From the agricultural point of view, it is an economically viable crop
due to its perennial and asexual culms, without the need of replanting.
Another advantage is related with the culms growth speed, given that
they do not present tangential or radial anatomic elements, they only
grow in height, contrary to wood; therefore, they can be cut for industrial use after three to ﬁve years of planting (Akira, Sakuma,
Dambiski, & Moretti, 2007). The bamboo has a sustainable extraction
and the its plantation can last for more than one hundred years because
it is not necessary to cut it totally but only partially (Rigueira Junior,
2011), being only recommended the clump cleaning with removal of
the mature culms, being them in average 30% in an stabilized clump
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(Pereira & Beraldo, 2016).
The highest occurrence of bamboo plantations is in the zones with
hot weather and with abundant rain, as the tropical and subtropical
regions in Asia, Africa and South America (Manhães, 2008;
Pereira & Beraldo, 2016), where Brazil presents the biggest diversity,
with 34 genera and 232 native bamboo species, with several bamboo
types, ranging from small to giant sizes (Pereira & Beraldo, 2016).
However, in spite of the richness in varieties, most of them have not
been adequately studied, opening a gap in technical information regarding its potential use.
The bamboo is recognized as nutraceutical (Chongtham,
Bisht, & Haorongbam, 2011; Lo, Cui, Tang, & Leung, 2008;
Pereira & Beraldo, 2016; Xuhe, 2003) because of its rich composition in
phytosterols and high ﬁber content, and due to this, it has been used as
food and bamboo shoots have had their use expanded from crafts and
canned food, to the extraction of dietary ﬁber. Some commercial labels
of bamboo shoot ﬁber, as Jelucel®BF (JELU-WERK, 2016), Nutriloid®
Bamboo Fiber (TIC-GUMS, 2016) and CreaFibe (Nutrassim, 2017)
present great acceptance in the international market, given that they
can be applied in several products as breads, pasta, meat products,
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discarded and the ﬁrst fraction cut (“bottom - B”). After this, 30 cm
were discarded again, and the next fraction was cut (“middle - M”), and
after discarding the following 30 cm, the last fraction was cut (“top T”). In total, nine samples were taken: DABF, DAMF, DATF
(Dendrocalamus asper bottom, middle and top ﬂour, respectively), BTBF,
BTMF, BTTF (B. tuldoides bottom, middle and top ﬂour, respectively),
BVBF, BVMF, BVTF (B. vulgaris bottom, middle and top ﬂour, respectively).

cheese and yogurt, increasing their ﬁber content and giving them a
healthy claim.
The bamboo shoot ﬁber market for food applications is already established, and it presents a wide variety of applications. As for example,
Mustafa, Naeem, Masood, and Farooq (2016) and Thomas, Jebin, Saha,
and Sarma (2016), who observed good sensory acceptance, when they
added bamboo shoot ﬁber in cookies and pork nuggets, respectively. On
pork nugget, it was also observed an improvement of microbiological
characteristics. Staﬀolo, Bertola, Martino, and Bevilacqua (2004)
evaluated sensory, rheological and technological properties of yogurt
fortiﬁed with this ﬁber, and they also observed good sensory acceptance, besides maintaining stable pH, water activity and color parameters. Zeng et al. (2016) observed signiﬁcant reductions of fat absorption in deep-fat fried battered and breaded ﬁsh balls added with
bamboo shoot dietary ﬁber to the batter.
It can be seen that the wide use of the bamboo shoots increases the
need for alternatives for keeping the balance in the clump maintenance,
due to the recommendation of removal of only 20 to 30% of the culms.
In the present work, we propose the study of young bamboo culm for
ﬁber and starch production, given that it presents a high yield and will
be beneﬁcial to keep the balance of the clumps.
Some species with special highlight for the industrial processing are:
Bambusa, Dendrocalamus, Phyllostachys, Pseudosasa, Sasa and
Sinoarundinaria (Manhães, 2008; Pereira & Beraldo, 2016), and among
them, three can be easily recognized: 1) Bambusa vulgaris is a species
that forms a clump, reaches medium height (15 to 25 m), grows in
places located up to 1500 m over the sea level, and resists a minimal
temperature of − 2 °C (Graça, 1988; Pereira & Beraldo, 2016). In Brazil,
it is specially found in the states of Maranhão and Pernambuco, which
plantation is for paper production. 2) Bambusa tuldoides can grow
forming a clump of medium height up to 15 m, well adapted to various
climates, in locations up to 1500 m over the sea level. Its culms and
leaves are lightly blue when young, and dark green when mature (de
Oliveira, 2012; Pereira & Beraldo, 2016). In Brazil it is known in some
regions as bamboo “crioulo”, and is commonly used as stake in tomato
plantation (de Oliveira, 2012). 3) Dendrocalamus asper is the most
cultivated species for canned bamboo shoot production. It forms clumps
and reaches up to 40 m height, and its culms can have up to 20 cm
diameter (Pereira & Beraldo, 2016).
Studies about young bamboo culms composition are few and Azzini,
Salgado, Teixeira, and Moraes (1981) presented composition data
where bamboo contained 50% of gross ﬁber and 26% parenchymal
residue in its insoluble fraction, and the rest were polysaccharides, like
pentosane, starch and glucose. However, the authors did not identify
the bamboo variety nor the evaluated fraction of the culm. Therefore,
the aim of our study was the production and evaluation of ﬂours from
young bamboo culms from varieties D. asper, B. tuldoides and B. vulgaris,
in the sections bottom, middle and top, regarding chemical composition, including starch and dietary ﬁber content, and technological
characteristics, aiming for future food applications.

2.3. Obtainment of the ﬂours from young bamboo culms
The young bamboo culms were cut, treated and dried, according to
Felisberto, Beraldo, and Clerici (2017). After drying, the material was
passed through a hammer mill (DPM 2 - Nogueira, São Paulo, Brasil) for
reduction of the size. Afterwards, a knife mill was used (EQ-FH-203TREU S.A., Rio de Janeiro, Brasil), and all obtained ﬂours were sieved
and granulometry was standardized for size inferior to 0.150 mm. Finally, the material was packed in plastic packages hermetically sealed
and kept under refrigeration before further analyses were done.

2.4. Color parameters from young bamboo culm ﬂours
Color parameters were obtained in the CIELab space (L, a* and b*),
using a colorimeter CR-10 (Konica Minolta, Tokyo, Japan), with illuminant D65, 50 mm target mask, with Specular Component Included
(SCI), 10° observer. For obtaining an average value, three light ﬂashes
were used.

2.5. Scanning electron microscopy (SEM) from young bamboo culm ﬂours
Images from ﬂour samples from each bamboo section were obtained
by SEM (JEOL JSM 5800 LV, Tokyo, Japan), with magniﬁcation of
100 × at 10 kV. A small ﬂour sample was placed on carbon tape, adhered to a stubb, sputter-coated with a thin layer of gold (20 nm) (SCD
050 Sputter Coater, Balzers).

2.6. Physicochemical characterization of the young bamboo culm ﬂours
Young bamboo culm ﬂours were evaluated following AOAC (1998)
for moisture contents (method 44-15.02), proteins (method 46-13.01),
lipids (method 920.39), ash content (method 08-01.01), total starch
(method 996.11), total ﬁber (method 992.16), insoluble ﬁber (method
991.42) and total carbohydrates were calculated by diﬀerence, and the
results were presented on wet basis (wb). Total sugar content was also
evaluated (for both reducing and non-reducing sugars) following AOAC
(1984) with modiﬁed method by Layne-Eynon (method 31.043-6).

2. Material and methods

2.7. Evaluation of technological properties from young bamboo culm ﬂours

2.1. Raw material

The following technological properties were evaluated: (1) pH
evaluation, following AOAC (1998); (2) Water absorption index (WAI)
and water solubility index (WSI) following Anderson (1982).

Young bamboo culms from varieties D. asper, B. tuldoides and B.
vulgaris were harvested at experimental ﬁeld from FEAGRI/UNICAMP,
Campinas/Brazil, on geographical coordinates 22°82′ south latitude
and 47°07′ west longitude, taking care of collecting only culms of approximately 36 months old.

2.8. Statistical analysis
The data were obtained at least in triplicate and analysis of variance
(ANOVA) of the means was performed using the Sisvar software, version 5.6 (Federal University of Lavras, Lavras, MG, Brazil) at a signiﬁcance level of 95%. When signiﬁcant, the Scott-Knot test was used to
determine statistical diﬀerences between means (p ≤ 0.05) (Ferreira,
2008).

2.2. Collection and division of young bamboo culms
Each young culm was cut in three equal parts, from bottom to top of
the culm, taking into account the diﬀerent heights of the culms from
each variety. For all samples, the ﬁrst 30 cm from the soil were
97
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Fig. 1. Illustrative image of young bamboo culm ﬂour
obtained from D. asper, B. tuldoides and B. vulgaris varieties.
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3. Results and discussion

results obtained by Rosell, Santos, and Collar (2009), which presented
L: 87.52 ± 0,15, a*: −0.73 ± 0.23 and b*: 3.45 ± 0.02, for commercial bamboo culm ﬁbers.
The variation between light and dark yellow color beneﬁts the use
of these ﬂours in food products, such as bread, cakes and cookies, given
that the addition of whole grain ﬂours, which are rich in ﬁber, generates darker and lighter yellow products, for example, as observed by
Gómez, Manchón, Oliete, Ruiz, and Caballero (2010) who added wheat,
rye, triticale, barley and tritordeum whole grain ﬂours to cake formulations. However, this did not happen when bamboo shoot ﬂour was
added in cookie formulations, and compared to a control formulation,
as observed by Mustafa et al. (2016).

3.1. Color parameters of young bamboo culm ﬂours
All obtained ﬂours, shown in Fig. 1, presented color parameters
located in the light-yellow region (Table 1). Comparing these values
with those from cassava ﬂour, which is commonly used as starch source
in Brazil (Lustosa, Leonel, & Mischan, 2008) we observed similarity in
the L and a* values (86.90 and 1.4, respectively).
The slight variations observed between the ﬂours can be explained
by the presence of sugars, which can promote browning reactions
during the drying step. In the case of these ﬂours being used for extractive processes, the sugars will be easily removed with water, allowing the obtainment of lighter ﬁber/starches, and similar to the

3.2. SEM from young bamboo culm ﬂours
Fig. 2 presents the SEM micrographs of the ﬂours, where is possible
to see a great ﬁbrous fraction (letter a), with some small starch granules
(letter b) disperse in them. The ﬁber presence could favor the use of
these ﬂours, due to the fact that when they are cooked, the ﬁlm formed
by the gelatinized starch may surround the ﬁbers. This behavior will
physically interfere in the link between the enzyme and the substrate,
by Lehmann and Robin (2007), the interaction of starch with ﬁber,
protein or other food components could prevent the eﬃcient diﬀusion
and adsorption of the enzyme.

Table 1
Color parameters of young bamboo culm ﬂour from D. asper, B. tuldoides and B. vulgaris1.
Sample2

Color parameters
L

DABF
DAMF
DATF
BTBF
BTMF
BTTF
BVBF
BVMF
BVTF

85.55
83.23
85.32
85.13
85.20
84.12
81.04
82.23
78.09

±
±
±
±
±
±
±
±
±

a*
0.16a
0.02d
0.19b
0.16b
0.02b
0.08c
0.06f
0.03e
0.08g

1.45
2.39
1.18
1.00
1.07
0.89
2.61
1.44
2.36

±
±
±
±
±
±
±
±
±

b*
0.07c
0.01b
0.06d
0.04f
0.01e
0.03g
0.03a
0.07c
0.13b

21.01
22.95
20.20
16.53
16.71
16.42
17.69
17.83
17.48

±
±
±
±
±
±
±
±
±

0.42b
0.34a
0.18c
0.36e
0.18e
0.13e
0.10d
0.10d
0.14d

3.3. Physicochemical characterization of the young bamboo culm ﬂours
3.3.1. Proximate composition
Regarding the physicochemical composition (Table 2), we observe
that all ﬂours presented moisture values inferior to 10 g/100 g, which
was expected, due to the drying process, which is ideal for guaranteeing
a better product preservation. Similar results of moisture contents were
obtained by Rosell et al. (2009) when evaluating commercial bamboo

1

Results expressed as means ± standard deviation. Means followed by the same
letters in the same column did not diﬀer signiﬁcantly (p < 0.05) by the Scott-Knott test.
2
Young bamboo culm ﬂour, respectively from the bottom, middle and top portions of
D. asper (DABF, DAMF e DATF), B. tuldoides (BTBF, BTMF e BTTF) and B. vulgaris (BVBF,
BVMF e BVTF) varieties.
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Fig. 2. Scanning electron micrographs of young bamboo culm ﬂour from bottom (B), middle (M) and top (T) portions of D. asper (DAB, DAM e DAT), B. tuldoides (BTB, BTM e BTT) e B.
vulgaris (BVB, BVM e BVT).

culm ﬁber (7.06 g/100 g) and by Mustafa et al. (2016) when assessing
powdered bamboo culm.
The protein contents ranged from 1.31 to 2.03 g/100 g and were
similar to those observed in the grasses Brachiaria, Cynodon, Paspalum
and Panicum (Soares Filho, Rodrigues, & Perri, 2002) and in the wheat
white ﬁber (Ishida, 2012). However, these values were inferior to the
one obtained for the powdered bamboo culm (19.32 g/100 g) (Mustafa
et al., 2016), and superior to those of the commercial bamboo ﬁber
(0.09 g/100 g) (Rosell et al., 2009). The low protein value is an ally for
the extraction process of ﬁber and starch; for example, for the corn
processing, whose protein content is approximately 10%, is required

the use of chemical reagents for increasing the starch extraction, while
for tubers, like cassava, the extraction process requires only water
(BeMiller & Whistler, 2009).
The lipid contents were inferior to 1 g/100 g, and similar to those of
the powdered bamboo culm (Mustafa et al., 2016) and of the commercial bamboo ﬁber (Rosell et al., 2009). This relationship between
the lipid and protein contents (both low) was similar to the observed in
fresh bamboo shoot by Thomas et al. (2016) and Mustafa et al. (2016).
The lipids in vegetable products are removed before extraction process
and nutrients puriﬁcation, as happens with the removal of corn germ
before starch extraction (Eckhoﬀ & Watson, 2009), for avoiding the

Table 2
Chemical composition of young bamboo culm ﬂour (wb) from D. asper, B. tuldoides and B. vulgaris1.
Sample2

Nutrients (g/100 g)
Moisture

DABF
DAMF
DATF
BTBF
BTMF
BTTF
BVBF
BVMF
BVTF
1

7.34
7.16
6.79
3.20
3.34
3.19
5.02
4.12
4.85

±
±
±
±
±
±
±
±
±

Protein
a

0.31
0.09a
0.35b
0.16e
0.30e
0.15e
0.18c
0.21d
0.11c

1.43
1.31
1.54
1.57
1.43
1.72
1.74
1.85
2.03

±
±
±
±
±
±
±
±
±

Lipid
e

0.05
0.04f
0.01d
0.08d
0.03e
0.02c
0.01c
0.01b
0.01a

0.16
0.31
0.22
0.12
0.20
0.39
0.34
0.35
0.76

±
±
±
±
±
±
±
±
±

Ash
b

0.02
0.06b
0.03b
0.04b
0.04b
0.11b
0.13b
0.04b
0.48a

1.66
0.87
0.89
0.80
0.94
2.38
1.33
1.58
2.77

±
±
±
±
±
±
±
±
±

Carbohydrates
c

0.06
0.04e
0.01e
0.03e
0.06e
0.14b
0.12d
0.12c
0.05a

89.41
90.35
90.56
94.31
94.09
92.32
91.57
92.10
89.59

Results expressed as means ± standard deviation, on wet basis (wb). Means followed by the same letters in the same column did not diﬀer signiﬁcantly (p < 0.05) by the Scott-Knott

test.
2
Young bamboo culm ﬂour, respectively from the bottom, middle and top portions of D. asper (DABF, DAMF e DATF), B. tuldoides (BTBF, BTMF e BTTF) and B. vulgaris (BVBF, BVMF e
BVTF) varieties.
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All ﬂours presented total and insoluble ﬁber contents higher than
62 g/100 g (Table 3), showing the low soluble ﬁber contents in all
evaluated samples. All ﬁber values obtained in this study were superior
to those obtained for the powdered bamboo shoot (24.44 g/100 g)
(Mustafa et al., 2016) and inferior to those of the commercial bamboo
ﬁber, whose content was 97 g/100 g (Rosell et al., 2009), given that it is
a puriﬁed ingredient. In this way, we can consider the ﬂours from the
three diﬀerent bamboo varieties, obtained in this work, to have great
potential for ﬁber extraction, which conﬁrms the results obtained by
Felisberto et al. (2017), for the ﬂour from D. asper.
The variation of starch and ﬁber content among the varieties and
diﬀerent parts of bamboo culm was already expected, because, according to Liese and Kohl (2015) the chemical composition of the
bamboo culm varies with the species, the conditions of growth, the age
of the bamboo, the part of the culm and harvest season. So, considering
that within a year the bamboo culm completes the full maturation, its
total lignin content tends to remain constant. However, the reserve
starch varies along the length of the culm, as explained by Anisio Azzini
and Gondim-Tomaz (1996), since It is used as energy source for the
growth of shoots.
The ﬂours from young bamboo culms, from the nutritional point of
view, are a source of carbohydrates, as dietary ﬁber, containing starch
and sugars in quantities lower than 17 and 13%, respectively. This fact
will be beneﬁcial given that the ﬂour will present a complex carbohydrate proﬁle, with slow, fast, and also non-digestible molecules, or that
may extend satiety and promote the slow starch release. It is important
to highlight that the process of ﬁber and starch extraction from young
bamboo culms can be done only physically and using water as a solvent,
resulting in a clean, environmentally-friendly process.
Due to the possibility of direct use of the ﬂours from young bamboo
culms from the three studied varieties, we evaluated their technological
properties, aiming their use in bakery products, as they are among the
products that most present possibilities of insertion of new ingredients,
as shown in the work by Felisberto et al. (2015) who substituted fat by
chia mucilage in pound cake formulations, Belghith Fendri et al. (2016)
who added pea and bean pod ﬁbers in mold breads, Bonnand-Ducasse,
Della Valle, Lefebvre, and Saulnier (2010) who added wheat ﬁber in
breads, or Kaur, Singh, and Kaur (2017) that substituted wheat ﬂour by
ﬂaxseed ﬂour in cookie formulations, among others.

Table 3
Carbohydrate proﬁle of young bamboo culm ﬂour from D. asper, B. tuldoides e B. vulgaris1.
Sample2

DABF
DAMF
DATF
BTBF
BTMF
BTTF
BVBF
BVMF
BVTF

Carbohydrates
Total sugar

Total starch

13.40 ± 0.51a
7.19 ± 0.15c
7.63 ± 0.59b
1.29 ± 0.01d
1.47 ± 0.05d
0.94 ± 0.03e
1.03 ± 0.03e
1.06 ± 0.02e
1.38 ± 0.10d

8.17 ± 0.32d
10.99 ± 0.53c
10.16 ± 0.60c
2.23 ± 0.40e
2.65 ± 0.27e
1.75 ± 0.12e
15.30 ± 0.76b
16.31 ± 0.68a
16.89 ± 0.81a

Total ﬁber
72.40
72.55
71.74
89.46
90.21
86.21
70.86
64.70
64.12

±
±
±
±
±
±
±
±
±

1.00c
0.21c
0.89c
0.49a
0.53a
0.31b
0.61d
0.05e
0.06e

Insoluble ﬁber
71.27
68.64
70.73
89.79
87.97
82.91
68.75
62.57
62.54

±
±
±
±
±
±
±
±
±

0.60d
0.55e
0.24d
0.44b
0.21a
0.42c
0.89e
0.41f
0.12f

1
Results expressed as means ± standard deviation. Means followed by the same
letters in the same column did not diﬀer signiﬁcantly (p < 0.05) by the Scott-Knott test.
2
Young bamboo culm ﬂour, respectively from the bottom, middle and top portions of
D. asper (DABF, DAMF e DATF), B. tuldoides (BTBF, BTMF e BTTF) and B. vulgaris (BVBF,
BVMF e BVTF) varieties.

oxidative or hydrolytic rancidity at further processing steps, that may
confer unpleasant odor to the starch. Therefore, the low lipid content is
beneﬁcial for the use of young bamboo culm as source of ﬁber and
starch.
Regarding the ash contents (0.80 to 2.77 g/100 g), BVTF presented
the highest content, signiﬁcantly diﬀerent to the other evaluated ﬂours.
Similar results were observed for the wheat white ﬁber (Ishida, 2012),
the bamboo shoot extract from variety B. polymorpha (Thomas et al.,
2016) and for the powdered bamboo shoot (Mustafa et al., 2016). It
should be highlighted that the protein, lipid and mineral salts contents
of all studied varieties and in the analyzed sections (bottom, middle,
top) may beneﬁt the ﬁber extraction processes.

3.3.2. Carbohydrates proﬁle
In Table 3 are shown the carbohydrates including sugars, starch,
and dietary ﬁber. We observe that the total sugar contents diﬀered
signiﬁcantly between the ﬂours, ranging from 0.94 to 13.40 g/100 g,
being the ﬂours from D. asper variety the ones that presented the
highest values for the bottom, middle and top sections, 13.40, 7.19 and
7.63 g/100 g, respectively. These ﬂours also presented a slightly sweet
ﬂavor, which could beneﬁt their use in bakery products. In case of
applying them in fermented products, this natural sugar could be used
for the initial fermentation step, with no required addition of sugar
(sucrose).
Considering that this sugar is mostly soluble in water, the culms
with the lowest sugar contents (B. tuldoides and B. vulgaris) could be
more stable to processing, both for ﬂour production and ﬁber and
starch extraction, given that they have more storage time. An opposite
behavior was presented by the young culm from D. asper, due to the fact
that a higher sugar content increases the material instability, that may
undergo a fermentation in few hours during storage, even at room
temperature; therefore, its processing must be as fast as possible (authors observation), for avoiding natural fermentation processes, and
according to (Pereira & Beraldo, 2016) the culm can remain submerged
in water and be added with chemical reagents, for a higher stability.
Regarding the total starch contents (Table 3), a big variation was
observed between the samples (1.84 to 17.75 g/100 g), being the ﬂour
samples from B. vulgaris (BVBF, BVMF and BVTF) the ones that presented the highest signiﬁcant values, followed by the D. asper variety. In
this way, the young culms from B. vulgaris and D. asper present huge
potential for starch extraction (higher than 10%), being it a by-product
from ﬁber extraction. This separation might be facilitated by the density
diﬀerence between starch and ﬁber in aqueous solution, making it similar to starch extraction from tubers, such as cassava and potato
(Breuninger, Piyachomkwan, & Sriroth, 2009; Grommers & Krogt,
2009).

3.4. Technological properties
In Table 4 can be seen the results of the ﬂours technological characterization. We observe that pH values range from 5.43 to 5.84, corresponding the highest value to BTTF (5.84 ± 0.02), and the lowest
value to DATF (5.43 ± 0.01). This pH range is similar to the pH values
found by Thomas et al. (2016), who evaluated a bamboo shoot extract.
Table 4
Technological characterization of young bamboo culm ﬂour from D. asper, B. tuldoides
and B. vulgaris1.
Sample2
DABF
DAMF
DATF
BTBF
BTMF
BTTF
BVBF
BVMF
BVTF

pH
5.62
5.60
5.43
5.50
5.52
5.84
5.78
5.59
5.48

±
±
±
±
±
±
±
±
±

WAI
0.04c
0.06c
0.01e
0.01d
0.01d
0.02a
0.02b
0.03c
0.01d

4.49
3.85
3.72
4.70
4.56
4.02
4.88
4.26
4.33

±
±
±
±
±
±
±
±
±

0.06c
0.09f
0.04f
0.12b
0.03c
0.01e
0.09a
0.12d
0.15d

WSI (%)
9.47
7.46
7.91
2.29
2.18
2.00
2.17
1.88
2.44

±
±
±
±
±
±
±
±
±

0.18a
0.80b
0.17b
0.17c
0.04c
0.06c
0.05c
0.05c
0.09c

1
Results expressed as means ± standard deviation. Means followed by the same
letters in the same column did not diﬀer signiﬁcantly (p < 0.05) by the Scott-Knott test.
2
Young bamboo culm ﬂour, respectively from the bottom, middle and top portions of
D. asper (DABF, DAMF e DATF), B. tuldoides (BTBF, BTMF e BTTF) and B. vulgaris (BVBF,
BVMF e BVTF) varieties.
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All ﬂours can be classiﬁed as lightly acidic (pH > 4.5), which favors its use in several bakery products, fermented or not, due to the fact
that most of them have a pH in the range of 5, according to Cauvain and
Young (2008) and Magan, Arroyo, and Aldred (2003). In relation to
WAI (Table 4), we observed that the values diﬀered signiﬁcantly between the ﬂours, variating from 3.72 to 4.88, corresponding the lowest
values to DAMF and DATF, while the highest values were presented by
all bottom sections from the evaluated varieties (DABF, BTBF and
BVBF), presenting BVBF the highest value. This index is directly related
to the presence of gelatinized starch, soluble ﬁber and other components which behave as hydrocolloids, as observed by in eggplant ﬂour,
which has a high soluble ﬁber content, and presented an index of 11.63.
This observation justiﬁes the low WAI values obtained in the present
study, given that the ﬂours presented high insoluble ﬁber and starch
contents. In bakery products, where main ingredients are wheat ﬂour
and water, due to the gluten network formation, the addition of new
ingredients must be carefully observed. These ingredients must be
chosen with low WAI values, for avoiding the need of water addition,
and as a consequence, for not interfering in the tridimensional gluten
network formation, which occurs at the mixing step.
Regarding the WSI values (Table 4), these variated from 1.88 to
9.47% among the evaluated ﬂours, presenting DABF the highest value.
Flours from D. asper variety presented the highest indices (average
8.28%), signiﬁcantly diﬀering from the other samples, and this result
may be related to the fact that this variety of bamboo presents the
highest sugar content. The ﬂours comparative study showed that there
exists a big potential for the use and exploitation of the young bamboo
culms, with application of their ﬂours in food products, and speciﬁcally
in bakery products, given that they presented appropriate technological
characteristics, such as bright coloration and low WAI and WSI values.
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4. Conclusion
This study showed that the three bamboo varieties presented different compositions, and the varieties D. asper and B. vulgaris presented
potential for starch extraction, with ﬁber as by-product, which opens up
the doors for their use in the food and non-food industry. The obtained
ﬂours would be an alternative for the traditionally whole ﬂours used in
cakes, cookies and breads formulations, with the advantage of not altering the coloration of the ﬁnal product, in addition to the ﬁber supply.
Bamboo starch could be an alternative source to starches traditionally
used as thickeners, fat replacers or body agents in both food and cosmetics formulations.
The culm division in bottom, middle and top sections was made
with the aim of evaluating the possible diﬀerences between them, in
relation to the starch and ﬁber contents, and the possibility of choosing
one of the sections. However, the results showed that it is factible to use
entirely the young bamboo culm for the nutrients extraction process,
thus avoiding the fractionating step, for the studied varieties.
It is important to emphasize that a sustainable management from
bamboo clumps can be achieved in three stages: sprout, young culm, or
mature bamboo extraction, where the young culm could have application in the food industry, both as ﬂour as well as for starch and ﬁber
extraction.
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