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The effect of different concentrations of sodium benzoate on the growth and enzyme elaboration
potentials of Aspergillus niger and Penicillium citrinum in zobo drink packaged in glass bottles were
investigated. All the tested concentrations of 0.025, 0.05 and 0.075% (w/v) caused decreases in the
counts of A. niger and P. citrinum at 30 ± 2°C. Concentration of 0.05% (w/v) of the preservative hurdle
th
th
showed complete inhibition of A. niger in the 4 week whereas the same effect was observed in the 5
week on P. citrinum. Enzyme activity in the control experiments was significantly higher (P < 0.05) than
those of treated and fresh Zobo samples.
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INTRODUCTION
Zobo drink is produced from flowers of Hisbiscus
sabdariffa. It is a refreshing drink cherished in many parts
of Nigeria and some other African countries. The short
shelf-life of about 1 - 4 days is however a major problem
faced by producers and consumers of the product
(Ogiehor and Nwafor, 2004). The short shelf-life is
primarily due to objectionable changes induced by microbial activities as in many other beverages (Efiuvwevwere
and Akoma, 1997). To control these microbial activities
requires appropriate preservation methods. The use of
low temperature which is the method of choice has not
proved effective since it is limited by cost of refrigeration
and energy.
The deleterious role of Aspergillus niger and Penicillium
citrinum in low pH and high sugar content foods have
been reported (Ekundayo, 1984; Ogiehor, 2002). The use
of chemical preservatives at low allowable concentrations
to control the growth of microorganisms in beverages is
desirable and gaining research interest worldwide (Shelef
and Addala, 1994; Ogiehor and Ikenebomeh, 2004). The
use of low concentrations of chemical preservatives
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Zobo drink was prepared following the recipe in Magi family menu
cook book (1996). The processed Zobo drink was divided into three
portions and treated with different concentrations, 0.025, 0.05 and
0.075% (w/v), of sodium benzoate (BDH, England). They were
thereafter packaged in glass bottles and held at 30 ± 2oC.

either singly or in combinations will remove the risk
associated with them (Efiuvwevwere and Isaiah, 1998;
Leistner, 2000). Furthermore, the involvement of A. niger
in the elaboration of the enzyme which caused undesirable changes in the physio-chemical quality of zobo
has been reported. The effect of plant and spice extracts
and salt of sodium on the growth of Aspergillius sp. and
related fungi are well documented (Nwafor et al., 1998;
Amadi et al., 2007; Idise, 2007) but not enough literature
is available on zobo drink. This is inspite of the popularity
it is beginning to enjoy and the spoilage experienced by
producers and consumers. This study is therefore to
determine the effect of sodium benzoate on the growth
and enzyme production potentials of A. niger and P.
citrinum following deliberate contamination (challenges
test) of zobo drink samples packaged in glass bottles at
30 ± 2°C.
MATERIALS AND METHODS
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Inoculation of Zobo drink samples

Lipase activity

Stock cultures of A. niger and P. citrinum isolated from stale Zobo
drink during storage and identified using morphological and cultural
characteristics (Bounds et. al., 1993) were reconstituted according
to the method of Harrigan and McCance, 1976. The inoculums size
2.11 and 2.26 log10 cfu/ml for A. niger and P. citrinum respectively
was determined by pour plate method on yeast malt agar (Oxoid)
supplemented with chloranphenicol. The Zobo drink samples (20
ml) in 100 ml flasks were inoculated with 1ml of 48 h old broth
cultures of A. niger and P. citrinum in turn, aseptically sealed with
hand sealing machine (Super master, England) and kept at 30 ±
2°C for a period of 8 weeks. Microbial growth was monitored at
weekly intervals while enzyme activities were assessed at the
beginning and at the end of the storage period.

Lipase activity was determined using 0.1 M phosphate buffer at pH
8.0 and olive oil as the substrate. Fatty acid liberated after
incubation at 37°C for 50 min was determined by titration with 0.05
M NaOH using phenolphthalein indicator. One unit of lipase activity
is defined as the amount of enzyme capable of releasing 1 mg of
oleic acid in 1 min under the assay conditions.
Statistical analysis
The data obtained were subjected to statistical analysis of mean,
standard deviation and analysis of variance (ANOVA). The significant value was determined by t-distribution test using appropriate
computer software (Ogbeibu, 2005).

Microbiological analysis of Zobo Drink
Viable counts in the various samples of Zobo drink were determined as described by Vandezannt et al. (1997). A 1 ml portion of
the sample was aseptically added to 9 ml of 0.10% (w/v) peptone
water and allowed to stand for 3 min with occasional stirring. This
was serially diluted (1:10) and viable count enumerated by pour
plate method on a yeast malt agar (Oxoid) and incubated according
to manufacturer’s instructions. The colonies that developed were
enumerated and expressed as colony forming unit per milliliters
(cfu/ml).
Determination of enzyme activity in Zobo drink
Enzyme activity was determined following the method of Odibo et
al. (1990). In this, 10 ml of fresh sample, sample treated with
0.05%(w/v) sodium benzoate and challenged, and untreated sample inoculated with the microorganisms (control) were added to 40
ml of 0.10 M phosphate buffer in different 100 ml conical flasks with
stirring. They were thereafter filtered through Whatman’s No. 1 filter
paper. The crude enzyme filtrate was used for enzyme activity
determination.
Amylase activity determination
The method described by Plummer (1978) was employed by adding
2 ml of the crude enzyme to 1 ml of 1% (v/v) soluble starch (Hopkin
and Williams Ltd). The mixture was incubated at 37°C for 15 min.
The optical density (OD) of the solution was read at 600 nm using
SP-30 UV spectrophotometer (Pye Unicam, Cambridge). Amylase
activity was read off from a standard amylase activity curve. It was
assumed that one unit of enzyme activity is the amount of enzyme
that will produce a reducing sugar corresponding to 1 mg of glucose
from starch in 1 min under the assay conditions.

RESULTS
The result of the effect of different concentrations of
sodium benzoate on the growth of A. niger and P.
citrinum are presented in Figures 1 and 2. The various
concentrations inhibited the growth of the test organisms
th
from the first week up to the 6 week and throughout the
period of storage. The least concentration 0.025% (w/v)
th
inhibited the growth of A. niger in the 5 week whereas
th
the same effect was observed in the 6 week with P.
citrinum. A similar trend was observed with the highest
concentration of 0.075% (w/v), which inhibited the growth
th
th
of A. niger in the 4 week and P. citrinum in the 5 week
of storage. In the control experiments, there was a steady
th
increase in the population of the organisms up to the 7
week. Thereafter a decrease in population was observed.
Amylase, protease and lipase activities in Zobo drink
preserved with 0.05% (w/v) sodium benzoate after
storage for 8 weeks is shown in Table 1. The treated and
challenged sample showed activities of 3.50 ± 0.02, 2.50
± 0.01 and 0.60 ± 0.2 µg/ml for amylase, protease and
lipase respectively for A. niger. For P. citrinum, the values
obtained were 3.60 ± 0.02, 2.50 ± 0.3 and 1.4 ± 0.3 µg/ml
for amylase, protease and lipase respectively. No
enzyme activity was observed in the fresh sample. The
control experiments showed activities of 18.60 ± 0.01,
8.40 ± 0.2 and 1.50 ± 0.2 µg/ml for amylase, protease
and lipase respectively for A. niger, and 18.90 ± 0.2, 8.60
± 0.2 and 1.70 ± 0.2 mg/ml for P. citrinum. These values
are significantly different (P < 0.05) from those of the
treated and fresh samples.

Protease activity
Protease activity was estimated following the procedure of Lowry et
al. (1951) modified by Plummer (1978). Different concentrations
(0.20, 0.40, 0.60, 0.80, 1.0 and 2.0 mg/ml) of bovine serum
albumen (BSA) were prepared in different test tubes. To 1 ml
portion of each was added 1 ml of the crude enzyme solution and
incubated at 37°C for 30 min. Thereafter the OD of the preparations
was read at 700 nm from SP-30UV spectrophotometer (PyeUnicam, Cambridge). Protease activity was extrapolated from
standard protease activity curve. Protease activity was estimated to
be the amount of enzyme that liberates 1 mg of amino acid in 1 min
under experimental conditions.

DISCUSSION
This study has indicted the efficacy of sodium benzoate
as an antimicrobial agent against the growth and survival
of A. niger and P. citrinum in Zobo drink. The decrease in
the population of microorganisms may be due to their
presence in an unfavourable micro-environment created
by sodium benzoate. Sodium benzoate may have created
hurdles, which the organisms could not overcome. This
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Figure 1. Effect of sodium benzoate on the growth of A. niger (Log10 cfu/ml) in Zobo drink during
storage at 30 ± 2°C
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Figure 2. Effect of sodium benzoate on the population of P. citrinum (Log10 cfu/ml) in Zobo drink
during storage at 30 ± 2°C.
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Table 1. Enzyme activities (µg/ml) of A. niger and P. citrinum in Zobo drink preserved with 0.05% (w/v) sodium
benzoate after 8 weeks storage at 30 ± 2°C.

Zobo drink
Control
Preserved
Fresh

Amylase
18.60 ± 0.01
3.5 ± 0.02
ND

A. niger
Protease
8.40 ± 0.2
2.30 ± 0.01
ND

Lipase
1.50 ± 0.2
0.60 ± 0.2
ND

Amylase
18.90 ± 0.02
3.60 ± 0.02
ND

P. citrinum
Protease
8.60 ± 0.02
2.50 ± 0.3
ND

Lipase
1.70 ± 0.2
1.40 ± 0.3
ND

Each value is the mean ± standard deviation of triplicate determinations; ND- not detected.

may have led to physiological, homeostatic and metabolic
distortion. Further attempts to overcome this adverse
condition had led to increased stress which in turn
brought about metabolic exhaustion, death and subsequent decrease in population observed (Figures 1 and 2).
Similar findings have earlier been reported (BoghSoresen, 1994; Ogiehor and Ikenebomeh, 2004). Higher
concentrations of sodium benzoate showed greater
growth inhibition of A. niger and P. ciitrinum. This shows
that the effect is concentration dependent. This corroborates some earlier reports (Ogunrinola et al., 1996;
Efiuvwevwere and Efi, 1999; Nwafor, 2007).
Steady increase in population observed in the control
experiments may be attributed to the absence of presservative hurdles, thus making the micro-environment
suitable for the growth and proliferation of the organisms.
th
Decrease in counts observed in the 7 week may be due
to depletion in the nutrient content of the medium or
competition for limited space as have been previously
reported (Ogiehor and Nwafor, 2004).
The significant difference (P>0.05) in enzyme activities
between treated and untreated samples is an indication
that the alteration of homeostasis of the microorganisms
by sodium benzoate may have also resulted in low
enzyme activity observed in treated samples. Where the
condition is suitable as in untreated inoculated sample,
increase in microbial population resulted in higher
enzyme activities. This is in line with documented reports
of Beuchat (1997).
This work has demonstrated the high antimicrobial
effect of sodium benzoate on the growth, survival and
enzyme activity of A. niger and P. citrinum which are
common spoilage organisms in Zobo drink. Sodium benzoate at a concentration of 0.05% (w/v) is recommended
if a more extended sheld-life of Zobo drink is desired in
order to enhance its commercial potential by allowing its
sale beyond the locality of its production. However other
hurdles or combinations of hurdles can completely
eliminate the organisms judging from the result obtained
here.
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