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Two Bambara groundnut probiotic beverages (BGNPB), fermented with (1) Lactobacillus bulgaricus and (2) Lactobacillus
bulgaricus and Lactobacillus plantarum were assessed for their shelf-life characteristics. During the shelf-life study, sampling
of the BGNPB was done at two-days interval for 28 days for pH, total titratable acidity (TTA), microbial load and colour.
Shelf-life data was modelled with Mitscherlich’s law of diminishing returns model and used to estimate the shelf-life of
the BGNPB. After the 28 days of the storage pH was pH 4.30 and pH 4.25 at 5°C; pH 3.94 and pH 3.72 at 15°C and pH
3.78 and pH 3.45 at 25°C for (1) L. bulgaricus and (2) L. bulgaricus and L. plantarum, respectively. TTA was 1.8% and
2.0% at 5°C; 2.0% and 2.2% at 15°C while at 25°C it was 2.6% and 2.6% for (1) L. bulgaricus and (2) L. bulgaricus and
L. plantarum, respectively. Microbial load and colour were significantly affected by the storage temperatures and time.
Shelf-life was estimated as 28 days (right censored) for both BGNPB stored at 5°C. The shelf-life of the BGNPB under
refrigeration (5°C) was longer when compared to the dairy counterparts with shelf-life of 14 days at 4°C. Therefore, the
longer shelf-life of BGNPB makes the beverage a suitable vehicle to transport probiotics to humans.
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Introduction

The time a fermented product remains safe to eat deter-
mines its shelf-life. Probiotics are defined as ‘live microor-
ganisms that, when administered in adequate amounts
confer a health benefit on the host’ (Champagne and
Gardner 2008; Prado et al. 2008; Gupta and Sharma
2016). The viability of probiotics in products has been
cited as an important prerequisite for achieving the ben-
eficial health effects (Bao et al. 2010; Lupien-Meilleur,
Roy, and Lagace 2016).

Poor storage conditions can lead to spoilage of fermented
products, including probiotic beverages, within a short
period of time (Mataragas et al. 2011). A discernible
reduction in sensory characteristics is associated with
indices of failure of probiotic beverages. Spoilage of probio-
tic beverages is as a result of changes in its physical, chemi-
cal and organoleptic characteristics (Shimakawa et al. 2003;
Madora, Takalani, and Mashau 2016), and its microbial load
(Ng, Yeung, and Tong 2011), making it unsuitable for human
consumption (Mataragas et al. 2011) and diminishing the
potential health benefits conferred by the products (Ng,
Yeung, and Tong 2011). Maintaining a high load of viable
probiotics is threatened by a number of factors, strain vari-
ation, acid accumulation and acidity of the product, levels
of oxygen in the products and permeability of oxygen
through packaging (Birollo, Reinheimer, and Vinderola
2000; Oliveria et al. 2001; Shimakawa et al. 2003; Lupien-
Meilleur, Roy, and Lagace 2016). Champagne and Gardner
(2008) stated that probiotic bacteria lose viability during
storage in many fermented milk types with pH values
below 4.0. Nevertheless, viability during storage and confer-
ring health benefits are of primary importance although there
are instances where non-viable cells have shown health
benefits (Ouwehand and Salminen 1998). However, it is
still desirable to have live cultures in the product, to
comply with the regulated specifications.

Fermented plant products are nutritious foods contain-
ing high amounts of nutrients and minerals (Wang et al.
2007; Granato et al. 2010; Vijayendra and Halami
2015). Legumes contain bioactive substances (Berk,
Tepe, and Arslan 2011; Bouchenak and Lamri-Senhadji
2015) that protect food quality by retarding oxidative
breakdown of lipids (White and Xing 2008). Human con-
sumption of probiotic fermented food has been associated
with tremendous health benefits due to improvements of
gastrointestinal functions (Granato et al. 2010; Thapa
and Tamang 2015).

Bambara groundnut (Vigna subterranea (L.) Verdc)
(BGN) is an indigenous African crop that has been culti-
vated in Africa for years. It is a highly nutritious plant
that plays a crucial role in people’s diets (Murevanhema
and Jideani 2015). Like soybean yoghurt, fermented
BGN milk (BGNM) may be a suitable probiotic bacterial
strain carrier to the host because of its inherent presence of
antioxidants, chemical and nutritional composition. It has
been established that BGNM could support the growth of
lactic acid bacteria (Murevanhema 2013). BGNM contains
beneficial nutrients, such as minerals, amino acids (Mure-
vanhema and Jideani 2015) vitamins and bioactive com-
ponents (Nti 2009). A consumer acceptable BGN
probiotic beverage (BGNPB) was successfully developed.
However, as far as we know, the shelf-life characteristics
of BGNPB has not been not documented. Therefore, the
objective of this study was to establish the shelf-life
characteristics of BGNPB.

Materials and methods

Source of Bambara groundnuts, starter cultures
Bambara groundnuts were purchased from Thusano Pro-
ducts, Louis Trichardt, Limpopo; seeds were sorted into
varieties, according to different testa and hilum colours:
black; red; brown; black-eye and brown-eye. Bacterial
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strains Lactobacillus bulgaricus and Lactobacillus plan-
tarum were purchased from Danisco and Quantum Bio-
technologies, Cape Town.

Production of Bambara groundnut flour and Bambara
groundnut milk

The red BGN seeds were chosen on the basis of being
better in supporting the growth of L. bulgaricus, and con-
sumer preference (Murevanhema 2013). The red variant
BGN flour and BGNM were prepared following the
method reported by Murevanhema and Jideani (2015).

Production of Bambara groundnut probiotic beverage
Bambara groundnut milk (BGNM) (100 mLx2) in
250 mL schott bottles were warmed to 45°C in a water
bath. The BGNM was then inoculated with 3% of a
mother culture of L. bulgaricus and another with
L. bulgaricus and L. plantarum and incubated at 35°C
for 24 h without stirring as estimated in the study by Mur-
evanhema (2013). The fermented BGNM designated as
BGN probiotic beverage (BGNPB) was then cooled in
an ice bath and stored in a refrigerator at 5°C.

Shelf-life stability of Bambara groundnut probiotic
beverage

The Bambara groundnut probiotic beverage (BGNPB)
cold-filled in 250 mL polyethylene terephthalate (PET)
(rectangular 127 H x (113 x50), mass 15 g) plastic
bottles (Hilfort plastics, Cape Town, South Africa) were
stored in a refrigerator at 5°C, while the other two sets
were stored in two Memmert incubators at 15°C and 25°
C, respectively. The samples were monitored for pH,
total titratable acidity, microbial load and colour each
second day for 28 days. The methodologies are described
below.

The pH of Bambara groundnut probiotic beverage during
storage

The pH of the BGNM (20 mL) was measured at room
temperature (21 +£2°C) using a Knick 766 laboratory pH
meter (Elscolab, Netherland).

Total titratable acidity of Bambara groundnut probiotic
beverage during storage

Total titratable acidity (TTA) was determined according to
the South African legislation on dairy products (Anon
1997). Fermented BGNM (9 ml) was pipetted into an
Erlenmeyer flask (250 mL). To it 0.5 mL of a 1.6% phe-
nolphthalein indicator solution in 50% ethanol was
added. The fermented BGNM was then titrated against
0.1 M NaOH solution until the first tinge of pink that per-
sists for 30 s appeared. To express the total titratable
acidity of the BGNPB as the percentage of lactic acid,
the number of millilitres of 0.1 M NaOH used in the test
was divided by 10. Percentage of lactic acid, the number
of millilitres of 0.1 M NaOH used in the test was
divided by 10, as show in equation 1:

I of NaOH used
% Lactic acid = -2 ?0 use (1

Microbial load of Bambara groundnut probiotic beverage
during storage

The microbial load was determined according to the
method described by Wang et al. (2007), with minor
adjustments. BGNPB inoculated with L. bulgaricus and
another with L. bulgaricus and L. plantarum (1.0 mL
each) were mixed with 9.0 mL of 0.1% sterile peptone sol-
ution, serial dilution up to nine were made. Aliquot
(1.0 mL) of dilutions (3, 6 and 9) were plated out on
90 mm petri dishes and poured de Man, Rogosa and
Sharpe (MRS) agar (12 +2 mL). When the agar had soli-
dified, they were double layered with MRS agar (9 +
2 mL), placed in an anaerobic jar and incubated at 37°C
for 48 h.

Colour of Bambara groundnut probiotic beverage during
Storage

The colour of the BGNPB (50 mL) samples was measured
using a Hunterlab Colorflex Spectrophotometer 45°/0°
standard, set at standard observer 10° and D65 and stan-
dardized with white tile (L*=93.41, a*=—1.18, b*=
0.75). The BGNPB samples were placed in glass
samples holder and reflectance measured for L*a*b* and
L*C*h colour scales. L* is lightness with 100 as
maximum indicating a perfect reflecting diffuser and the
minimum is zero, which is black. The a* and b* axes
have no specific numerical limits, negative a* is green,
positive is red. Negative b* is blue, positive b* is yellow
(Sahin and Samnu 2006). Chroma (C) is the quality that
distinguishes a pure hue from a grey shade and describes
hue saturation or purity; its axis extends from the values
(lightness) axis towards the pure hue (Sahin and Samnu
2006).

Data analysis

All results were reported as mean of three independent
trials. Analysis of variance (ANOVA) was used to deter-
mine the differences between treatments. Duncan’s mul-
tiple range tests was used to separate means where
differences existed (IBM SPSS 2010).

To estimate the shelf-life of BGNPB the Mitscherlich’s
law of diminishing returns model (pH = b + byexp™ ")
was used to model the effect of storage time on the pH of
the BGNPB. In this model b, is the lower asymptote; b, is
the difference between the maximum pH and the lower
asymptote; and bj is the rate at which the minimum pH
is reached known as the rate constant (day'). The
model parameters were estimated using the non-linear
regression model following the sequential quadratic pro-
gramming estimation method. The coefficient of determi-
nation (R?) for each regression equation, a measure of the
variability in the dependent variable accounted by the
model, was calculated as shown in equation 2 (IBM
SPSS 2010):

residual sum of squares

R =1 )

~ corrected total sum of squares

The effect of temperature on the beverage was modelled
with Arrhenius equation as shown in equation 3 (Jideani



African Journal of Science, Technology, Innovation and Development 593

et al. 2002):

E, (1 1
In (ky) = In(kgrer) + [} <T,ef - ?>] ©

where k,= reaction rate constant; k.., = quality rate
constant at reference temperature (7,.); 7 = absolute
temperature (in degrees K); E,=apparent activation
energy (in J/mol); R=universal gas constant (8.314 kJ/
mol K). The reference temperature (288 K or 15°C) was
the mean of the value of the temperature studied.

Results

Effect of storage time and temperature on the pH, TTA
and microbial growth in Bambara groundnut probiotic
beverage during storage

The pH of BGNPB with L. bulgaricus ranged from pH
4.39 to pH 4.3, pH 4.39 to pH 3.94 and pH 4.39 to pH
3.64 at 5, 15 and 25°C storage temperatures respectively
(Figure 1). While the beverage with L. bulgaricus and
L. plantarum pH ranged from pH4.30 to pH4.25, pH
4.30 to pH 3.75 and pH 4.30 to pH 3.23 at 5, 15 and
25°C storage temperatures respectively. The pH of the
two BGNPB were significantly different (p=0.0001)
from each other. The storage temperature and time had a
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Figure 1: Effect of storage time and temperature on the pH of (a) L. bulgaricus and (b) L. bulgaricus and L. plantarum BGNPB.
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significant (p =0.0001); (»=0.0001) effect, respectively
on the pH of the BGNPB. Interaction of the main effect
(temperature*time) had a significant (p =0.00001) effect
on the pH of the BGNPB. BGNPB stored at 5°C had a
fairly stable pH. However, storage at 15°C and 25°C
resulted in a significant decrease in pH over time.

The total titratable acidity (TTA) (Figure 2) of the
BGNPB with L. bulgaricus ranged from 1.8—1.87%,
1.8-2.25 and 1.8-2.57% at 5, 15 and 25°C storage temp-
eratures, individually. The beverage with L. bulgaricus
and L. plantarum ranged from: 1.87% to 2%, 1.87% to
2.4% and 1.9% to 2.6%, at 5, 15 and 25°C, respectively.
The TTA of the two beverages was significantly

(F(1.254,0.007)=189.433; p=0.0001) affected during
the period of study. The storage temperature, storage
time, and their interaction significantly (p=0.001); (p=
0.0001) and (p=0.00001), affected the TTA of the
BGNPB, respectively. The TTA of BGNPB at the 5°C,
increased gradually, while an exponential increase was
noted for the BGNPB stored at 15 and 25°C.

BGNPB with L. bulgaricus had a microbial load range
of 7.05-7.88 Log cfu/mL, 7.13-7.59 Log cfu/mL and
7.04-7.59 Log cfu/mL at 5, 15 and 25°C storage tempera-
tures, respectively (Figure 3). Meanwhile the BGNPB
with L. bulgaricus and L. plantarum ranged from 7.06—
7.52 Log cfu/mL, 7.08-7.52 log cfu and 7-7.52 Log
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Figure 2: Effect of storage time and temperature on the TTA of (a) L. bulgaricus and (b) L. bulgaricus and L. plantarum BGNPB.
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Figure 3: Effect of storage time and temperature on the microbial load of (a) L. bulgaricus and (b) L. bulgaricus and L. plantarum

BGNPB.

cfu/mL at 5, 15 and 25°C storage temperatures respect-
ively. Storage temperature (p=0.0001), time (p=
0.0001) and the interaction of the main effect (temperature
* time)[p=0.0001] had a significant effect on the
microbial load, respectively. Microbial load decreased
gradually for the BGNPB stored at 5°C, while the
BGNPB kept at 15 and 25°C showed a sudden decrease
during the storage period.

Effect of storage temperature and time on the colour of

Bambara groundnut probiotic beverage

The effect of storage temperature and time on the colour
of BGNPB is illustrated in Figure 4. The lightness of the
BGNPB with L. bulgaricus ranged from 43.2-55.3,
43.2-63.5 and 43.2-67.0, at 5, 15 and 25°C storage
temperature, respectively. The lightness of the L. bul-
garicus and L plantarum ranged from 43.4-56.2,

43.4-64.4 and 43.4-68.0 at 5, 15 and 25°C, storage
temperatures respectively. Temperature and time had
significant (p=0.0001) and (p=0.0001) effects on the
lightness of the BGNPB. The interaction of time and
temperature also had a significant (p=0.0001) effect
on lightness of the BGNPB. The two BGNPB were also
significantly different in lightness; there was an increase
in lightness with time. The increase was relatively
gradual for the BGNPB stored at 5°C, while a faster
increase was observed for BGNPB at 15°C and 25°C.
Redness, yellowness, and hue angle of the BGNPB,
were significantly (p <0.05) affected by storage tempera-
ture, time and the interaction (temperature*time). Redness
had a mean range of 4.2-6.4; yellowness 7.2-13.6, and
hue angle 45.9-58.7. The redness (a*) and yellowness
(b*) of the BGNPB were positive which implied that the
beverages are in the red and yellow colour space. This
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Figure 4: Effect of storage time and temperature on the lightnes

was further confirmed by the hue angles which were
within the zero and 90° colour space, which covers the
red and the yellow space (Bible and Singha 1993).

Chroma was not significantly affected by the tempera-
ture and time during the shelf-life study. A range of 6.3—
11.3 was observed for the BGNPB. The two BGNPB
were not significantly different in terms of chroma. The
hue of the BGNPB was less saturated.

Modelling of shelf-life of BGNPB using pH as index of
deterioration

Mitscherlich’s law of diminishing returns model was used
to model the effect of storage time on the pH of the probio-
tic beverage. Table 1 indicates the parameters of the model

12 14 16
Time (days)
(b)

s of (a) L. bulgaricus and (b) L. bulgaricus and L. plantarum BGNPB.

18 20 22 24 26 28

for L. bulgaricus BGNPB and L. bulgaricus and
L. plantarum BGNPB. Index of deterioration below
which the probiotics are unable to survive in the
BGNPB was chosen as pH 4. The lower asymptote (b;)
decreased with an increase in storage temperature reaching
below pH 4 at the end of the storage period in both bev-
erages. The difference between the maximum pH and
the lower asymptote (b,) in both beverages increased
with an increase in temperature. The time which the
minimum pH or the rate constant (bs) was reached
decreased as the storage temperature increased for both
beverages. The rate of deterioration appeared to be faster
for L. bulgaricus at 15 and 25°C compared to that of
L. bulgaricus and L. plantarum. The rates of deterioration
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Table 1: Parameters of the Mitscherlich’s law of diminishing returns model for pH of BGNPB'-2.

Temperature (°C) b, b, by (day ™) R* Estimated shelf-life (days)
L. bulgaricus

5 4.271 0.133 0.093 0.93 28*

15 3.836 0.591 0.125 0.94 18

25 3.664 1.040 0.470 0.92 2

L. bulgaricus and L. plantarum

5 3.374 0.937 0.004 0.85 28*

15 3.543 0.846 0.108 0.99 10

25 3.288 1.525 0.497 0.94 2

'"BGNPB = Bambara groundnut probiotic beverage

2(pH = by 4 byexp™") where b, =lower asymptote; b, = difference between the maximum pH and the lower asymptote and b, _ rate at which the
minimum pH is reached known as the rate constant (day~"). *Right-censored value — failure time was not observed at the end of the shelf-life

were inserted into the Mitscherlich’s law of diminishing
returns model (pH = by + byexp™®") to estimate the
time it would take the product to reach the pH of 4. This
estimated shelf-life in days is indicated in Table 1 with
the three different storage temperatures and the pH.

Effect of temperature on the rate constant of BGNPB
during storage

The natural logarithm of the rate constants (bs in Table 1)
were regressed against the inverse of the temperature using
linear regression in order to estimate the model parameters
of the Arrhenius equation as illustrated in Figure 5, and
Table 2 details the estimated parameters, the activation
energy (E,), the quality rate constant at reference tempera-
ture (kyyp) and the coefficient of determined (R?). The high
values of R? (0.80-0.89), indicates that the effect of temp-
erature on the rate constants during storage could be
described by the Arrhenius equation. Activation energy
(E,) of 12.8 klJ/mol was estimated for BGNPB with
L. bulgaricus, while a higher value of 16.9 kJ/mol was
obtained for the BGNPB with L. bulgaricus and
L. plantarum.

Discussions

A significant decrease in pH over time at storage 15°C and
25°C was observed. The same trend was observed by
Bensmira and Jiang (2011) and explained as post acidifica-
tion, which is the reduction of pH and accumulation of
organic acids during refrigerated storage (Ng, Yeung,
and Tong 2011). The pH of the BGNPB at 5°C was
within 4.3 and 4.2; these pH values are within the pH of
yoghurt as documented by Tamime and Robinson
(1999). The pH range was suitable for restraining patho-
genic growth (Yoon, Woodams, and Hang 2004; Bilgidi
et al. 2006).

TTA increased with time and was coupled with a drop
in pH. Similar trends were observed by Bensmira and
Jiang (2011) and Mataragas et al. (2011). Growth rate of
microbes is linked to acidification and depends on the
culture used (Zare et al. 2012). The increase in TTA and
drop in pH trend could be attributed to the speed of acid-
ification which was relatively higher at the higher storage
temperatures. Bensmira and Jiang (2011) stated that lactic
acid was the common end product of bacterial fermenta-
tion, thus the increasing TTA with storage temperature
and time could have been as a result of the reduction in
pH, post acidification, or further growth of the bacteria

involved. Sadeghi, Pourahmad, and Mokhtare (2017)
concur that the increase in acidity shortens the shelf-life
of yoghurt by triggering syneresis or resulting in a too
acidic environment which can be lethal to the probiotics,
thus reducing the microbial load.

Microbial load decreased gradually for the BGNPB
stored at 5°C, while the ones kept at 15 and 25°C
showed a sudden decrease as illustrated in Figure 3
during the storage period. Similar trends were reported
by Ng, Yeung, and Tong (2011) where the microbial
load decreased with increase in storage temperature and
time. The storage temperature had an effect on microbes’
enzymes and their activity, leading to a slower or faster
metabolism; hence, the difference in growth rates.

The increase in lightness was in agreement with the
observation of Aidoo et al. (2010). The implication is
that the BGNPB were becoming lighter with time. There
was a negative relationship between pH and lightness of
the BGNPB, and a decrease in pH resulted in increased
lightness. A similar trend was reported by Allen,
Russell, and Fletcher (1997).

The shelf-life study was terminated after 28 days. The
shelf-life decreased with an increase in temperature. At
refrigeration temperature, the beverages lasted for 28
days, right-censored value. The shelf-life was estimated
to be 18 days for L. bulgaricus BGNPB and 10 days for
L. bulgaricus and L. plantarum BGNPB at 15°C. Shelf-
life at 25°C for the two beverages was estimated to be
two days. Hence, it is imperative that BGNPB must be
stored at refrigeration temperature in order to maximize
shelf-life.

The lower activation energy for L. bulgaricus BGNPB
further confirms that its rate of reaction was faster. The
activation energy of 106 kJ/mol for lactic acid bacteria
was reported by Vaikousi, Biliaderis, and Koutsoumanis
(2009). The values obtained in this study suggest that
the pH drop was not only attributed by the lactic acid bac-
teria. The difference in activation energy between the two
beverages could have been caused by the different strains
in each beverage.

Conclusion

The change in pH was used as the index of quality; kin-
etics of pH was successfully modelled using Mitscher-
lich’s law of diminishing returns and Arrhenius
equation. Kinetics studies showed that pH of BGNPB
was relative stable under refrigeration (5°C), resulting in
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Figure 5: Arrhenius plot of reaction rate constant for pH changes during storage (a) L. bulgaricus and (b) L. bulgaricus and L. plantarum

BGNPB.

Table 2: Parameters of Arrhenius equation for the pH of BGNPB during storage.

Probiotic Temperature (°C) E, (kJ/mol) kgret R?
L. bulgaricus 5-25 12.8+6.5 1.26+1.08 0.80
L. bulgaricus and L. plantarum 5-25 16.9+6.0 1.23+1.07 0.89

BGNPB — Bambara groundnut probiotic beverage.

a right-censored shelf-life of 28 days for the two BGNPB.
Meanwhile, 18 days for L. bulgaricus and 10 days for L.
bulgaricus and L. plantarum BGNPB under abused temp-
erature (15°C) were observed. The two beverages had a
shelf-life of two days at accelerated storage 25°C. The
shelf-life of the BGNPB under refrigeration (5°C) was
longer when compared to the dairy counterparts with

shelf-life of 14 days at 4°C. Hence, BGNPB can be a
vehicle to transport probiotics to humans and has a long
shelf-life; BGNPB can safely be stored up to 28 days at
refrigeration temperature (5°C) with a probiotic load of
107 c¢fu mL~". BGNM is an alternative probiotic carrier
and can be a solution to consumers demanding health
foods that taste good and have an appropriate shelf-life.
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