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Abstract

The objective of this work is to verifying the consume of the minerals K, Na, Fe, Mg, P, S-SO4
-2, B, N

Total Kjedahl (NTK), NO3
--N, and NH4

+-N in the production of bacterial cellulose by Acetobacter

xylinum, according to the medium and the manner of cultivation. The fermentative process was in
ripe and green coconut water. K and Na were determined by flame emission photometry, Mg and Fe
by atomic absorption spectrophotometry, P by molecular absorption spectrophotometry, S-SO4

-2 by
barium sulphate turbidimetry, B by Azomethin-H method, NTK by Kjeldahl method, N-NO3

- and
N-NH4

+ by vapor distillation with magnesium oxide and Devarda’s alloy, respectively. In Fermenta-
tion of ripe coconut water there were higher consumption of K (69%), Fe (84,3%), P (97,4%),
S-SO2

-2 (64,9%), B (56,1%), N-NO3
- (94,7%) and N-NH4

+ (95,2%), whereas coconut water of green
fruit the most consumed ions were Na (94,5%), Mg (67,7%) and NTK (56,6%). The cultivation under
agitation showed higher mineral consumption. The higher bacterial cellulose production, 6 g.L-1, was
verified in the coconut water fermentative in ripe fruit, added KH2PO4, FeSO4 and NaH2PO4 kept un-
der agitation.

Key words: minerals, bacterial cellulose, Acetobacter xylinum.

Introduction

Bacterial cellulose (BC) is a exopolysaccharide pro-
duced by some strains of Acetobacter, which have peculiar
physical and chemical properties, such as ultrathin cellu-
lose ribbons, high degree of polymerization and crystalli-
nity, absence of lignin and hemicellulose, high tension
force and elasticity, elevated capacity of retaining water,
high porosity, chemical purity and biodegradability (Chá-
vez-Pacheco et al., 2004; Jonas and Farah, 1988; Okiyama
et al., 1992; Saxena et al., 1994; Vandamme et al., 1998).
However, attributes as yield and BC structure are directly

related to the method and culture medium (Krystynowicz et

al., 2002; Park et al., 2009; Son et al., 2001). Thus, the
functional properties of the biopolymers are important
tools for the development of new textures for various uses
in general industry.

Many studies show that, for a good production of bac-
terial cellulose by strains of Acetobacter, culture media en-
riched with carbohydrates, proteins, vitamins, and inor-
ganic salts are required (Baruque-Ramos et al., 2001;
Budhiono et al., 1999; Chávez-Pacheco et al., 2005; Jagan-
nath et al., 2009; Jonas and Farah, 1988; Son et al., 2003).
In spite of being present in low concentrations, those miner-
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als have a significant effect in the growing and production
of bacterial cellulose (Weinhouse and Benziman, 1974).

Elements like sodium (Na), potassium (K), calcium
(Ca), magnesium (Mg) and iron (Fe) are nutrients that play
an important part in the production of bacterial polysaccha-
rides, because they are enzymatic cofactors in the produc-
tion of such polysaccharides (Martins et al., 1990; Wong,
1993). As a source of phosphorus (P), it is common to used
soluble phosphates, with Ca, K, Na, Fe, copper (Cu), Mg,
manganese (Mn), cobalt (Co), among other minerals, in
low concentrations (Lima et al., 2001). Ferric ions (Fe3+)
are oxygenase cofactors, and also comes from the protein
respiratory chain, the cytochromes, which mediate the pro-
duction of high energy phosphoric composites such as ATP
(adenosine triphosphate), and UTP (uridine triphosphate),
participating of the bacterial polyssacharides biosynthesis
(Nohata and Kurane, 1997).

Sulfur (S) is part of the amino acids cysteine and
methionine, vitamins, and prosthetic groups from various
important proteins in reduction-oxidation reactions. The
sulfates (SO4

-2) and the amino acids are preferably con-
sumed by the bacteria (Trabulsi, 1999).

In the production of bacterial cellulose by Acetobac-

ter sp. A9, magnesium is important for the maintenance of
cellular metabolism; the element is also essential for the
growing and production of cellulose (Son et al., 2001), be-
cause it participates directly in the enzyme cellulose syn-
theses activities, activated by oligonucleotide guanil (Fon-
tana et al., 1997, Ross et al., 1986) and it is important in the
linking process among the microfibrils subunits (Saxena
and Brown, 2001).

The effects of various nutrients in the production of
bacterial cellulose by strains of Acetobacter sp. V6 were
verified, and it was noticed that the inorganic salts MgSO4

7H2O, FeSO4 7H2O, and H3BO3 represented an increase in
production when added in the concentrations of 0.08%,
0.0005%, and 0.0003%, respectively (Son et al., 2003).

The objective of this work was verifying the consume
of the minerals K, Na, Fe, Mg, P, S-SO4

-2, Boron (B), N To-
tal Kjedahl (NTK), NO3

--N, and NH4
+-N in the production

of bacterial cellulose by Acetobacter xylinum, according to
the medium and the manner of cultivation.

Materials and Methods

Production of bacterial cellulose

In the fermentation process, it was used Acetobacter

xylinum (ATCC 23769) come from the André Tosello
Foundation, Campinas-SP, Brazil, cultivated in ripe and
green coconut water. The experimental design used was du-
plicated fractional factorial 27-2 with 32 treatments. The in-
dependent variables were: means of cultivation (with or
without agitation at 100 rpm in a bacteriological incubator
(Marconi - MA 832, São Paulo, Brazil) and with or without
the adding of salts (NH4)2SO4 (600 mg.L-1), KH2PO4

(5000 mg.L-1), MgSO4.7H2O (200 mg.L-1), NaH2PO4

(300 mg.L-1), FeSO4 (5 mg.L-1) and H3BO3 (3 mg.L-1)
(Vetec). The dependent variable observed was the yield of
the bacterial cellulose produced (g.L-1) in dry weight.

Samples preparation

The coconut water from ripe and green fruit was put
in a tank with constant manual agitation, for homogeniza-
tion. Then, the medium was transferred to 500 mL Erlen-
meyers, which contained the minerals according to the
experimental design, in portions of 300 mL. The pH
(Tecnal - Pec-2MP, São Paulo, Brazil) of the medium was
adjusted to 5.0 (�0.01) with acetic acid 1 mol.L-1 and so-
dium hydroxide (Vetec) 1 mol.L-1, followed by autoclave
sterilization at 121 °C during 20 min. After that, the micro-
organism, conserved in a maintenance medium ALABAN
(100 g.L-1 sucrose; 5 g.L-1 KH2PO4; 2.5 g.L-1 yeast extract;
0.2 g.L-1 MgSO4.7H2O; 0.6 g.L-1 (NH4)2SO4), was inocu-
lated at 5% (v/v). In the work, the Fermentations of Ripe
Coconut Water are nominated as FRCW and the Fermenta-
tions of Green Coconut Water as FGCW.

Quantification of ion concentration and yield of
bacterial cellulose

The concentrations of the minerals K, Na, Fe, Mg, P,
S-SO4

-2, B, NTK, NO3
--N, NH4

+-N were determined in the
treatments with production of bacterial cellulose higher
than 4 g.L-1. The analysis occurred in the beginning (zero
hour) and at the end (168 h) of the fermentation process. All
the analysis was made according to Malavolta et al. (1997).

Each sample was divided into two sets: unfiltered and
filtered through a 0.45 mm pore ester-cellulose membrane.
Unfiltered samples were submitted to analysis for the or-
ganic and ammonium N by using sulfuric acid digestion
and the semi micro-Kjeldahl method. The solid particle
fraction, retained in the ester-cellulose membrane after the
filtering of the second set was submitted to dry digestion in
a furnace at 550 °C during 6 h, and from this moment on
they were labeled digested. After that, the ashes were solu-
bilized in a hydrochloric acid 0.1 mol.L-1 solution and then
refrigerated until analysis. The sub samples filtrated were
divided in two parts, half was preserved in concentrated ni-
tric acid (three drops for each 20 mL extract) and then re-
frigerated until analysis of the minerals K, Na, Fe and MG,
and the other half was kept frozen until the analysis of P,
S-SO4

-2, B, N-NO3
- and N-NH4

+ . The filtrated and digested
samples were used to determine the following parameters:
K and Na by flame emission photometry (FEP) (Micronal,
B-262, São Paulo, Brazil); Fe and Mg determined by
atomic absorption spectrophotometry (AAS) (Varian -
AAS 240 FS, São Paulo, Brazil); P by molecular absorption
spectrophotometry (MAS) (Tecnal - Bel SP 1150, São
Paulo, Brazil); S-SO4

-2 by barium sulphate turbidimetry
(Tecnal - Bel SP 1150, São Paulo, Brazil); B by the Azo-
methin-H method; N Total Kjedahl (NTK) concentrations
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were determined by Kjedahl method, and NH4
+-N and

NO3
--N concentrations were determined by vapor distilla-

tion (Distiller Nitrogen - MA 036 Plus, São Paulo, Brazil)
with magnesium oxide (MgO), and with Devarda’s alloy,
respectively.

The remainder of the culture media was let to fermen-
tation in a sterilizer at 30 °C for 168 h. After this period, the
fermented material was submitted to the same procedures
of preparation and analysis.

Multivariate and statistic analysis

Mineral concentration data were submitted to vari-
ance and regression analysis. Regression equations were
adjusted to the obtained data according to time and treat-
ment; the magnitude of determination coefficients
(p � 0.05) was used as the criteria of choice.

The exploratory analysis of the percentage values of
mineral concentration was performed by principal compo-
nents analysis (PCA). The principal components analysis
was constructed from a 52 x 10 data matrix, that is, 52 treat-
ments considering initial time (zero hour) and final (168 h)
of the fermentative process, and 10 variables related the
minerals. The samples were divided in four classes: Fer-
mented Ripe Coconut Water zero hour (FRCW-0 h) and
168 h (FRCW-168 h); Fermented Green Coconut Water
zero hour (FGCW-0 h) and 168 h (FGCW-168 h). Those
models were performed using the software Pirouette 4.0
(Infometrix).

Results and Discussion

Minerals consumption of in coconut water fermented

In this research, the treatments with bacterial cellu-
lose (BC) yield variation of 4 to 4.1 g.L-1, 4.2 to 4.9 g.L-1

and 5 to 6 g.L-1 were considered low, moderated, and high,
respectively. The classification was made according to data
collection of production and productivity reported in the lit-
erature (Budhiono et al., 1999; García et al., 1974; Krysty-
nowicz et al., 2002; Kurosumi et al., 2009; Kyazanova et

al., 2009; Masaoka et al., 1993; Okiyama et al., 1992; Park
et al., 2009; Son et al., 2003). Thus, the treatments 8 and 11;
15, 22 and 27; 18, 19, 20, and 23 of fermented ripe coconut
water had low production of bacterial cellulose (L-BC),
moderated production of cellulose (M-BC), and high pro-
duction of bacterial cellulose (H-BC), respectively. The
treatments 3, 9, 11 and 18; 7, 10, 12, 13, 20, 23, 24 and 26;
16 and 27 of fermented green coconut water had low pro-
duction of bacterial cellulose (L-BC), moderated produc-
tion of bacterial cellulose (M-BC), and high production of
bacterial cellulose (H-BC), respectively (Table 1).

Mineral concentrations in the beginning and at the
end of the fermentative process are in Tables 2 and 3.

Considering the manner of cultivation, the treatments
maintained under agitation had a high consumption of min-
erals, in both fermentations (Table 4).

In fermented ripe coconut water, under agitation, high
consumptions were verified in treatments 11(L-BC),
15 (M-BC), 18 and 23 (H-BC), being those minerals
NO3

--N; Na and NTK; K, Fe and NH4
+-N, respectively. In

fermented green coconut water, under agitation, treatments
10 (M-BC), 11 (L-BC) and 23 (M-BC) had high mineral
consumption, being those minerals B, S, and NTK; Mg and
NTK; K and Na, respectively. In fermented ripe coconut
water, treatments maintained under agitation with high pro-
duction of bacterial cellulose, 23 (H-BC) and 19 (H-BC),
showed high consumption of NH4

+-N and NO3
--N, respec-

tively. However, in fermentations of green coconut water,
the high production of cellulose was verified in treatments
16 (H-BC) and 27 (H-BC), in static conditions, both with
high consumption of NO3

--N.

Considering the production of bacterial cellulose (Ta-
ble 5), in fermented ripe coconut water, between the treat-
ments of low yield showed high average consumption of
NO3

--N (87.7%); the treatments of moderated yield pre-
sented high average consumption of Na (69.1%) and P
(91.1%); while the treatments of high yield were related to
higher average consumption of NO3

--N (86.3%) and
NH4

+-N (84.6%). Among the minerals K, Na, Fe, Mg, P,
S-SO4

-2, B, NTK, NO3
--N and NH4

+-N, the higher con-
sumption were observed in treatments 18 (H-BC) 69.0%;
15 (M-BC) 69.1%; 23 (H-BC) 84.1%; 27 (M-BC) 32.9%;
27 (M-BC) 97.4%; 27 (M-BC) 64.9%; 33 (L-BC) 56.1%;
15 (M-BC) 55.2%; 11 (L-BC) 94.7%; 23 (H-BC) 95.2%,
respectively. Among the minerals K, Na, Fe, Mg, P,
S-SO4

-2, B, NTK, NO3
--N and NH4

+-N, the lowest con-
sumption were observed in treatments 23 (H-BC) 42.2%;
22 (M-BC) 39.4%; 15 (M-BC) 14.2%; 22 (M-BC) 0.6%; 23
(H-BC) 53.3%; 19 (H-BC) 3.5%; 15 (M-BC) 0.6%; 19
(H-BC) 1.1%; 22 (M-BC) 50.5%; 20 (H-BC) 17.5%, re-
spectively.

It was observed that the NO3
--N did not directly influ-

ence the bacterial cellulose production because there was a
large consumption of this mineral such in the treatments
with higher and with low bacterial cellulose production.
The suggestion is that the consumption has to be designated
to the microbial development. Nitrogen is a main compo-
nent of proteins necessary in cell metabolism, and com-
prises 8-14% of the dry cell mass of bacteria. The addition
of extra nitrogen favours the biomass production, but di-
minishes cellulose production (Masaoka et al., 1993).

In fermented ripe coconut water, the minerals K, B
and S-SO4

-2, with percentage of explained variance greater
than 90%, were submitted to regression analysis, and dem-
onstrated significant difference between the zero and 168 h
among the treatments. The probability values of 5% found
corroborates the test F. In the evaluation of the model, the
ratio Fcalculated/Ftabulated demonstrated lack of statistic signifi-
cance for predictive purposes for B among the times and
treatments, what was also observed in S-SO4

- for the times.
However, the results were significant and predictive among
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the times and treatments for K, and for S-SO4
-2 only among

the treatments.

In fermentations of green coconut water, between the
treatments with low, moderated and high production of
bacterial cellulose (Table 5), presented higher average
consumptions of Na (92.2%) and NH4

+-N (84.1%); Na
(87.1%) and NO3

--N (80.6%); NO3
--N (78.1%), respec-

tively, and lower consumptions of S-SO4
-2 (8.9%), P (4%)

and B (15.3%); Fe (22.5%), P (12.6%), S-SO4
-2 (0.5%), B

(3.6%) and NTK (7.7%); NTK (5%) and NH4
+-N (0%), re-

spectively. Among the minerals K, Na, Fe, Mg, P, S-SO4
-2,

B, NTK, NO3
--N and NH4

+-N, the higher and the lowest
consumption were observed in treatments 23 (M-BC)
67.5%; 23 (M-BC) 94.5%; 13 (M-BC) 43.6%; 11 (L-BC)
67.7%; 7 (M-BC) 50.8%; 10 (M-BC) 64.4%; 10 (M-BC)
55.9%; 11 (L-BC) and 10 (M-BC) 56.6%; 7 (M-BC)
91.9%; 3 (L-BC) 88.8%, respectively. Among the minerals
K, Na, Fe, Mg, P, S-SO4

-2, B, NTK, NO3
--N and NH4

+-N,
the lowest consumption were observed in treatments 13
(M-BC) 30.7%; 26 (M-BC) 50.8%; 16 (H-BC) 0.8%; 3

200 Almeida et al.

Table 1 - Yield of bacterial cellulose (BC) production in coconut water of ripe (FGCW) and green (FGCW) fruit.

Sample Independent variables Dependent variable

(NH4)2SO4 KH2PO4 MgSO47H2O NaH2PO4 FeSO4 H3BO3 Cultivation
manner

BC production (g.L-1)

FRCW FGCW

1 -1 -1 -1 -1 -1 1 1 2.8 1.9

2 1 -1 -1 -1 -1 -1 -1 2.4 3.4

3 -1 1 -1 -1 -1 -1 -1 2.5 4.1

4 1 1 -1 -1 -1 1 1 3.8 2.9

5 -1 -1 1 -1 -1 -1 1 3 1.9

6 1 -1 1 -1 -1 1 -1 2.5 3.7

7 -1 1 1 -1 -1 1 -1 2.7 4.6

8 1 1 1 -1 -1 -1 1 4 3.4

9 -1 -1 -1 1 -1 -1 -1 3.2 4.1

10 1 -1 -1 1 -1 1 1 3.6 4.8

11 -1 1 -1 1 -1 1 1 4 4.0

12 1 1 -1 1 -1 -1 -1 3.6 4.9

13 -1 -1 1 1 -1 1 -1 3.2 4.4

14 1 -1 1 1 -1 -1 1 3.6 3.9

15 -1 1 1 1 -1 -1 1 4.5 4.3

16 1 1 1 1 -1 1 -1 3.7 5.4

17 -1 -1 -1 -1 1 1 -1 2.8 3.9

18 1 -1 -1 -1 1 -1 1 5.3 4.1

19 -1 1 -1 -1 1 -1 1 6 3.8

20 1 1 -1 -1 1 1 -1 5.9 4.7

21 -1 -1 1 -1 1 -1 -1 3.4 3.7

22 1 -1 1 -1 1 1 1 4.8 3.2

23 -1 1 1 -1 1 1 1 6 4.6

24 1 1 1 -1 1 -1 -1 3.9 4.5

25 -1 -1 -1 1 1 -1 1 2.7 2.8

26 1 -1 -1 1 1 1 -1 2.9 4.5

27 -1 1 -1 1 1 1 -1 4.7 5.2

28 1 1 -1 1 1 -1 1 3.1 3.4

29 -1 -1 1 1 1 1 1 2.5 3.4

30 1 -1 1 1 1 -1 -1 2.9 2.7

31 -1 1 1 1 1 -1 -1 2.7 3.1

32 1 1 1 1 1 1 1 3.4 3.5

33 -1 -1 -1 -1 -1 -1 -1 1.37 1.8

Note: Cultivation manner (-1) static and (1) agitation.
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(L-BC) 27.8%; 33 (L-BC) 0.5%; 12 (L-BC) 0.5%; 24
(M-BC) 1.3%; 15 (L-BC) 2.4%; 26 (M-BC) 45.2%; 16
(H-BC) 0%, respectively.

In fermentations of green coconut water, the minerals
Na, Mg, Fe, B, P, S-SO4

-2
, with percentage of explained

variance higher or equal 90%, submitted to regression anal-
ysis, indicated the existence of a significant difference
(p � 0.05) for both factors, times and treatments. The ratio
Fcalculated/Ftabulated indicated significance of the models for
Na, Mg and P among the times, and in the treatments such
results were observed in S-SO4

-2, B, P and Fe. However, the
model did not demonstrate significance for predictive pur-
poses among the times for the minerals Fe, B and S-SO4

-2,
and in the treatments for Na and Mg.

The low concentration of P in treatments 16 (50.8%)
and 27 (29.1%) with high production of bacterial cellulose
in fermentations of green coconut water, could be related
to the important function such element has in the bacterial
cellulose biosynthetic route in strains of Acetobacter, in
the nucleotide combined form (ATP, ADP, UDP, UTP,
UGP) and inorganic phosphate. Some phosphorylated
substances are involved with the energy storage (such as
ATP) and act as metabolic processes regulators, because
many enzymes become active when phosphorylated (Ben-
ziman and Mazaver, 1973; Weinhouse and Benziman,
1974).

The low consumption of Fe was observed in fermen-
tations of green coconut water with moderated production
of cellulose. However, the action of ferric and ferrous ions
in the bacterial cellulose production could stimulate the
combination of phosphorated compounds of high energy,

what contributes to cellulose biosynthesis (Chávez-Pa-
checo et al., 2004). Such significance was reported by
Chávez-Pacheco et al. (2006) when verified an increase in
the production of cellulose through changing the concen-
tration of phosphate from 20-200 mmol.L-1 until it reached
100 mmol.L-1.

Low consumption of Mg and NTK was observed in
fermented ripe coconut water , with low, moderated, and
high production of bacterial cellulose. However, such as-
pect was not observed by Son et al. (2003) when the effect
of several nutrients in the production of bacterial cellulose
by Acetobacter sp. V6 was examined, showing the increase
in the amount of bacterial cellulose when the concentration
of MgSO4.7H2O was increased to 0.08%, FeSO4.7H2O to
0.0005%, H3BO3 to 0.0003%, (NH4)2SO4 to 0.2%,
NaH2PO4.12H2O and KH2PO4 to 0.3%. According to
Kyazanova et al. (2009), it was verified that cells of Aceto-

bacter xylinum decrease the concentration of phosphates in
the medium from 5 to 2.5 or 0.3 mM during incubation in
the presence of Mg2+ and glucose, or Mg2+ and casamino
acid. Other activities of Mg+2 were observed by García et

al. (1974) in the formation of various lipophilic compo-
nents (lipid diphosphate �-glucose, lipid diphosphate �-ce-
lobiose and lipid monophosphate �-galactose) from the
enzymatic system, in the presence of UDP-Glc (uridine
diphosphate glucose), which has an important role in the
lipid formation when added at 3-6 mM, having influence on
the bacterial polysaccharide biosynthesis.

Boron was more consumed in treatment 33 (control)
(Table 2 e 3), in both fermentations. This characteristic was
also present in the treatments with moderated production of
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Table 4 - Minerals consumption according to the manner of cultivation.

Cultivation
medium

Cultivation
manner

Minerals consumption (%)

K Na Fe Mg P S-SO4
-2 B NTK NO3

--N NH4
+-N

FRCW Static 63 65 75 32 97 64 56 37 90 76

Agitation 69 69 84 23 84 52 52 55 94 95

FGCW Static 63 92 43 65 50 53 48 46 91 88

Agitation 67 94 38 67 40 64 55 56 85 85

Table 5 - Minerals consumption according to the bacterial cellulose production.

Cultivation medium CB Minerals consumption

Higher consumption (%) Lower consumption (%)

FRCW L-BC NO3
--N (87.7) Mg (2.4)

M-BC Na (69.1); P (91.1) B (2.9); Mg (0.6)

H-BC NO3
--N(86.3); NH4

+-N(84.5) Mg (3.6); NTK (1.1)

FGCW L-BC Na (92.2); NH4
+-N(84.1) S-SO4

-2 (8.9); P (4.0); B (15.3)

M-BC Na (87.1); NO3
--N(80.6); Mg (65.1) Fe (22.5); P (12.6); S-SO4

-2 (0.5); B (2.4); NTK (5.2)

H-BC NO3
--N (78.1) NTK (5.0); NH4

+-N(0)

Note - Low production of bacterial cellulose (L-BC); Moderated production of bacterial cellulose (M-BC); High of bacterial cellulose (H-BC).



bacterial cellulose, what suggests a certain degree of contri-
bution of this mineral in such production.

The treatments with moderated production of bacte-
rial cellulose, in fermented ripe coconut water and fermen-
tations of green coconut water, demonstrated a significant
consumption of NTK. This aspect was also reported by
Budhiono et al. (1999) when observing characteristics such
as the linear increase of bacterial cellulose production in re-
lation to thickness, and humid and dry weight when a nitro-
gen source was added to the fermentation process. The
sources with nitrogen and phosphate were more effective in
the production of bacterial cellulose. According to Kuro-
sumi et al. (2009), when investigating the use of various
fruit juices as source of carbon for the production of bacte-
rial cellulose by Acetobacter xylinum NBRC 13693, it was
observed that the adding of yeast extract and peptones as
source of nitrogen was essential for cellular culture and
bacterial cellulose production.

In the study developed by Baruque-Ramos et al.

(2001) the inorganic nitrogen in the medium did not change
significantly along the cultivation time, whereas the or-
ganic nitrogen consumption was linearly related to cell
growth, with constant yield factors (average of 8.44).

The N-NH4
+ was important for the treatments with

high bacterial cellulose production in fermentations of ripe
coconut water. However, in fermentations of green coconut
water, such element did not contribute much. In the study
developed by Jagannath et al. (2009) the maximum of
thickness in coconut cream was verified in pH 4, with 10%
of saccharose and 0.5% of ammonium sulfate.

Considering the medium of cultivation, among the
minerals of fermented ripe coconut water, the higher con-
sumption was of P, with 97.4%, and the lowest was of Mg,
with 0.6% (Table 6). In fermentations of green coconut wa-
ter, Na was the most consumed mineral in the process, with
94.5%, while Fe, with 43.6%, presented the lowest con-
sumption. The minerals K, B, S-SO4

-2, NTK, NH4
+-N, and

NO3
--N had similar consumption in both fermentative pro-

cesses, with ratios of 68.2%, 56.0%, 64.6%, 55.9%, 92.0%,
and 93.3%, respectively.

Therefore, in fermentations of ripe coconut water the
Acetobacter xylinum (ATCC 23769) showed higher con-
sumption of minerals K, Fe, P, S-SO4

-2, B, N-NO3
- and

N-NH4
+ and higher production of bacterial cellulose. This

fact can be related to the higher saccharose concentration in
the culture medium, due to the fruit maturation degree
(Carvalho et al., 2006). The papers developed by (Chávez-

Pacheco et al., 2004; Jagannath et al., 2009; Krystynowicz,
et al., 2002) indicate culture medium with saccharose to
keep and improve the microorganism development.

In treatment 33 (control), the minerals analyzed were
in higher concentrations in fermented ripe coconut water in
the beginning of the process (Table 2), fact also observed in
other studies about the grade of such minerals in ripe and
green coconut water (Carvalho et al., 2006; Santoso et al.,
1996; Pue, 1992; Srebernich, 2000). At the end of the
fermentative process, there was a high consumption, in de-
creasing order, of: B > K, P, S-SO4

-2 and NH4
+-N > NO3

--N
> Mg > Fe and Na > NTK in fermented ripe coconut water.
In fermentations of green coconut water, the greatest reduc-
tions were observed for the minerals B > Na > K e NH4

+-N
> Fe > Mg > NO3

--N > NTK > S-SO4
-2 > P.

Multivariate analyses

Considering the principal components analysis
(PCA), it was possible to describe 99.4% of the data with
nine components, being 32.7% of the total variance de-
scribed by the first principal component (PC1) and 12.7%
by third main component (PC3).

The conjoint analysis of the scores and weight graph-
ics (Figures 1a and b) showed that first main component
(PC1) divided the treatments into two classes in function of
the fermentation times zero and 168 h. This analysis also al-
lowed the observation of which zero hour fermentations
presented greater S-SO4

-2, NTK, NO3
--N, NH4

+-N and K,
and 168 h of Na, Fe, Mg, P, and B concentrations.

Third main component (PC3) divided the minerals
into two regions, considering the culture medium. The
treatments with positive values, such as Fe, P, B, S-SO4

-2

and NTK discriminate fermentations of green coconut wa-
ter. In turn, the negative values of the weight correspond to
the variables Na, Mg, NH4

+-N, and NO3
--N and discrimi-

nate significantly the fermented ripe coconut water.

In the beginning of the fermentative process, the min-
erals in higher concentrations are K, NH4

+-N and NO3
--N in

fermented ripe coconut water, and S-SO4
-2 and NTK in fer-

mentations of green coconut water. After 168 h, low con-
sumption of Na and Mg was observed for fermented ripe
coconut water, and high consumption of the minerals Fe, P,
B, S-SO4

-2, and NTK. In fermentations of green coconut
water, the minerals Fe, P, B demonstrated a lower con-
sumption, and K, Na, Mg, NO3

--N and NH4
+-N presented a

significant reduction. Those results revealed the inverse re-
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Table 6 - Minerals consumption according to the cultivation medium.

Cultivation manner Minerals consumption (%)

K Na Fe Mg P S-SO4
-2 B NTK NO3

- -N NH4
+ - N

FACM 69.0 69.1 84.1 32.9 97.4 64.9 56.1 55.2 94.7 95.2

FACV 67.5 94.5 43.6 67.7 48.3 64.4 55.9 56.6 91.9 88.8



lation to the consumption of such minerals among the cul-
ture media.

Iron and Mg are the minerals with greater weight val-
ues in the positive and negative regions, respectively, in
first main component (PC1). In third main component
(PC3), NO3

--N presented greater weight value in the nega-
tive region on the right side, and Na on the left side (Figu-
re 1b).

Conclusion

Among the culture media, the treatments maintained
under agitation presented high mineral reductions, in both
processes. Considering the culture media, fermented ripe
coconut water presented high mineral consumption (K, Fe,
P, S-SO4

-2, B, NO3
--N and NH4

+-N) and, in fermentations
of green coconut water, the higher consumptions were from
Na, Mg and NTK.

In relation to bacterial cellulose production, both
fermentative processes presented higher consumptions of
Na and NO3

--N, in the treatments with moderated and high
production of cellulose, respectively. The treatments with
low bacterial cellulose production presented higher con-
sumption of NO3

--N in fermented ripe coconut water, and
Na and NH4

+-N in fermentations of green coconut water,
what suggests a high contribution of such minerals in BC
production. Lower reductions of NTK were verified in
treatments with moderated and high cellulose production,
in both fermentations. In the treatments with low cellulose
production, there was a lower consumption of Mg and NTK
in FRCW and of S-SO4

-2, P, and B in fermentations of green
coconut water. The higher bacterial cellulose production,
6 g.L-1, was verified in the fermentative containing coconut
water of ripe fruit, KH2PO4 (5000 mg.L-1), FeSO4

(5 mg.L-1), NaH2PO4 (300 mg.L-1) and kept under agitation.

The main components analysis (PCA) made it possi-
ble to differentiate the minerals that have high influence in
the culture media. In fermented ripe coconut water, Na,
Mg, NH4

+-N, and NO3
--N were more significant, and Fe, P,

B, S-SO4
-2, and NTK discriminated fermentations of green

coconut water. At the end of the fermentative process, the
results revealed the inverse relation in the mineral con-
sumption among the culture media, with high consump-
tions of Fe, P, and B (fermented ripe coconut water), and
Na and Mg (fermentations of green coconut water).
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