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ABSTRACT

This study assessed the feasibility of using African yam bean
(AYB), a legume not well known in Nigeria, as a non-dairy
probiotic beverage. Lactic acid fermentation of milk blends from
AYB, coconut and soybean milk was carried out and samples were
stored at ambient (28+2 °C) and refrigerated (42 °C)
temperatures. The samples were observed for 28 days at 7 days
interval. Viability of the lactic acid bacteria (LAB) was done using
standard methods and changes in pH, titratable acidity (TTA),
total amino acid and total reducing sugar were monitored. The
LABs were found to be viable at both storage temperatures. The
pH of samples decreased, TTA increased, total amino acid varied
among samples while total reducing sugar decreased over storage
period. It was concluded that non-dairy beverage from the three
vegetable materials could be stored in the refrigerator for 28 days
and 21 days at ambient temperature without unfavourable effect
on its inoculated LAB population and physicochemical properties.

Keywords: Non-dairy, African yam bean, Probiotic, Lactic acid bacteria,
Storage, Viability

1. INTRODUCTION

Over the years, dairy milk has been the only suitable
substrate exploited as probiotic carrier. For some reasons such as
its affordability and religious purpose, recent development has
shifted to using non-dairy substrates as probiotic carriers.
Vegetable milks such as peanut milk, tiger-nut milk, cowpea milk,
and soymilk have been explored (Adeniran et al., 2010; Ebhodaghe
et al., 2012). Under-exploited plants such as African Yam Bean
(AYB) which has high crude protein content (23%) (Fasoyiro et al.,
2012) has also been used as a source of vegetable milk (Aminigo et
al., 2007).

Probiotic foods are a group of functional foods with growing
market shares and large commercial interest (Arvanitoyannis and
Van Houwelingen-Koukaliaroglou, 2005). Probiotics contain live
microbes that can be incorporated into many different types of
products such as foods, drugs and dietary supplements. Probiotic
is a relatively new term (Lilly and Stillwell, 1965) used to describe
the bacteria associated with the beneficial effects for the humans
and animals (Song et al., 2012). The term probiotic means “for life”
and it was defined by an Expert Committee as “live
microorganisms which upon ingestion in certain numbers exert
health benefits beyond inherent general nutrition” (FAO/WHO,
2001).

Lactobacillus and Bifidobacterium are the most commonly used
probiotics in food and feed. Since ancient times, Lactic acid
bacteria (LAB) have been used for food fermentation and can also
serve a dual function of acting as food fermenting agent and
potentially health benefits provider (Song et al., 2012). LAB are
known as GRAS (generally recognized as safe) with no pathogenic
or virulence properties been reported. Some desirable
characteristics of LAB such as low cost, maintaining its viability
during the processing and storage, and resistance to the
physicochemical processing must be ascertained before it is used
as probiotics.

This study investigated viability of LAB with probiotic
potential in African yam bean milk with or without soymilk
and/or coconut milk stored at ambient and refrigeration
temperatures. It also looked into the effect of such LAB on the
physicochemical characteristics of the fermented milk with the
view to establishing the desirability or otherwise of using the non-
dairy vegetable milk as a good alternative to those that will not
consume dairy milk based fermented milk for different reasons.

2. MATERIALS AND METHODS

2.1. Materials

Vegetable milk samples were produced from three base
materials; AYB, soybean and coconut. These plant produces were
purchased from a retailer in a local market in Ile-Ife, Osun State,
Nigeria. Probiotic organisms were sourced from locally fermented
foods such as ogi, wara and nunu. AYB milk (AYBM), Coconut milk
(CM) and soymilk (SM) were produced as described by Aminigo
et al. (2007), Sanful (2009) and Udeozor et al. (2012) respectively.
The vegetable milk samples were formulated into proportions 1:1:1
and 2:1:1 (AYBM: CM: SM). The milk blends were then fermented
with individual strains and a combination of the organisms in an
incubator at 45 °C for 18 h (Amakoromo et al., 2012).

The fermented milk samples were refrigerated for an h before
bottling in sterile sample bottles. A set of the samples were stored
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at ambient temperature (28 + 2 °C) and refrigerated temperature
(4 + 2 °C) for 28 days. Microbial analyses were carried out at an
interval of 7 days for a period of 28 days using methods of Harrigan
and McCance (1976) and Harrigan (1998).

Sorghum grains were cleaned and soaked for 48 h at 28 + 2
°C, rinsed with water, wet-milled and sieved. Supernatant of the
fermented ogi (1.0ml) was transferred to 9ml sterile 0.1% peptone
diluents. The tubes were each shaken thoroughly for 10 seconds to
ensure homogenization. Each dilution (1.0ml) was plated out on
MRS agar using pour plate technique (Harrigan and McCance,
1976; Harrigan, 1998). The molten agar was allowed to set, the
plates inverted and incubated at 37 + 2 °C for 48 h.

2.2. Isolation of LAB from Nunu

After nunu had been serially diluted, 1 ml of each dilution was
plated on MRS agar using pour plate technique (Harrigan and
McCance, 1976; Harrigan, 1998). The medium was allowed to set;
plates were inverted and incubated at 37 + 2 °C for 48 h.

2.3. Identification of LAB

Representative colonies of LAB were picked from incubated
plates and, purified further by repeated streaking on solidified
MRS agar plates. The pure cultures of the isolates were
maintained on MRS agar slants in McCartney bottles and kept at
refrigeration temperature (4 + 2 °C). Pure isolates were identified
according to scheme and procedure described in Harrigan, 1998.
Gram reaction, catalase test, nitrate reduction and other
biochemical tests were performed to identify the isolates.

2.4. Preparation of fermented milk from blends of AYB,
Coconut and Soybean milk

Milk samples from the plant sources were proportioned into
111 and 2:1:1 (AYBM: CM: SM) and then sterilized at 121°C for 10
mins in an autoclave. Culture suspensions of Lactobacillus paracasei
and P. pentosaceus were prepared and absorbance adjusted to 1.0 at
540nm using a spectrophotometer (Omafuvbe et al., 2002) under
aseptic condition. LAB strains were reactivated in skim milk (12%
w/v) and inoculated into the sterilized milk individually and a
combination of both strains in ratio 1:2 P. pentosaceus to Lactobacillus
paracasei. Samples were fermented in an incubator at 45 °C for 18h
(Fig. 1). Fermented milk samples obtained were evenly distributed
into sterile bottles and stored at ambient and refrigerated
temperatures. Viability of these strains was monitored for 28 days
at 7 days interval.

2.5. Estimation of LAB in fermented product

Microbial counts of the LAB present in the samples were
observed at the initial and on a weekly basis during storage period.
Serial dilution of each sample stored at both temperatures was
carried out and from each dilution, Iml was plated using pour
plate technique and molten MRS agar was added. The plates were
incubated at 37 °C for 48-72h. Plates with colonies between 30-300
colonies were counted using Gallenkamp colony counter (NW-
300 Model). The experiment was carried out in triplicate and
mean of counts was determined in each case.

2.6. Determination of pH

The pH (hydrogen ion concentration) of the fermented milk
samples was determined using a standard pH meter (ATC, Model
HI-8915) (AOAC, 2000).
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Fig. I: Fermentation of Selected Milk Blends
Source: Adapted from Amakoromo et al. (2012)

2.7. Determination of Titratable acidity

The production of lactic acid was determined by titrating 10
ml of the homogenized sample diluted with 10ml distilled water
against 0.IN NaOH using 0.5 ml of phenolphthalein indicator
(0.5% in 50% alcohol). The mixture was shaken thoroughly and
titration was carried out until a permanent pink colour was
observed in each sample. The titratable acidity was calculated
(equation 1) as percentage of lactic acid (v/v). Each millilitre of 0.1
N NaOH is equivalent to 0.009g of lactic acid (AOAC, 2000).

ml NaOH x0.009
mlof sample

0.1N x 0.09 = 0.009

Lactic acid (mg/g) = (1)

2.8. Determination of Total amino acid content

Amino acid content was determined using the formol
titration method as described by Frais (1972). Ten milliliter of 40%
formaldehyde solution was mixed with 20 ml of distilled water in
a beaker, 3 - 4 drops of phenolphthalein indicator was added and
shaken thoroughly and neutralized with 0.IM NaOH solution to
obtain the faintest permanent pink colour. To 25ml of the
fermented milk sample in a beaker, was added 3-4 drops of
phenolphthalein indicator was added and neutralized with 0.1IM
NaOH solution until a faintest permanent pink colour was
obtained. The neutralized formaldehyde solution was then added
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to the neutralized sample and mixed. The faint pink colour
disappears. The sample is then titrated against standard 0.1 M
NaOH until a pink colour was produced as before. The titre value
was recorded and this was carried out in duplicate. Total amino
acid was calculated.

2.9. Determination of reducing sugar content

The method described by Abiose and Adedeji (1994) and
Adeniran and Abiose (2011) was used. The fermented milk sample
was made up to 4 times its original volume (4-fold dilution) and
mixed thoroughly. This was then filtered through a 90mm
Whatmann filter paper. One milliliter of the clear filtrate was
taken into a test tube and 2ml of DNSA reagent was added. The
mixture was boiled for 5 min and cooled under running tap water.
Seven milliliters of distilled water was added to make up to 10ml.
The absorbance was read against reagent blank at 540 nm in a UV
spectrophotometer. Amount of reducing sugars in each sample
was extrapolated from the standard glucose curve.

2.10.Statistical analysis

Results obtained as triplicates were subjected to analysis of
variance while Duncan’s multiple range test was employed to
separate the means.

3. RESULTS AND DISCUSSION

3.1. Viability of the LAB strains in non-dairy carrier

The initial LAB count before storage ranged from 6.52 to 9.17
(log cfu/ml) (Tables la and 1b). Equal proportion of milk blend
fermented with Lactobacillus paracasei (Sample AR) had the highest
initial count of 9.17 (log cfu/ml) which decreased after storage to
758 and to 759 (log cfu/ml) at ambient and refrigerated
temperatures respectively. After 21 days of storage, the LAB counts
of milk blend 2:1:1 fermented with P. pentosaceus (sample BC) (4.56
log cfu/ml) and milk blend 2:1:1 fermented with L. paracasei (BR)
(4.28 log cfu/ml) were below the acceptable probiotic limit (6 log
cfu/ml). Depletion in nutrients available for microbial growth
could be the possible reason for this observation. Also, Milk blend
L1:1:1 fermented with combination of both strains (Sample ARC) at
refrigerated temperature showed 3.7% increment in LAB count.
Suitable growth condition due to synergism of the isolates could
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be the reason for the increase observed. Sample AYBF (100%
AYBM with commercial starter culture) had the lowest initial LAB
count (6.52 log cfu/ml) which reduced to 5.58 log cfu/ml at
ambient storage and to 6.51 log (cfu/ml) at refrigerated
temperature after 28 days. Ebhodaghe et al. (2012) reported a
decrease in Bifidobacteria longum count in probiotic soymilk after 21
days of storage at ambient and refrigerated storage. Decrease in
population of probiotic strains after storage could be due to
decreasing pH, increase in acidity of the medium, nutrient
depletion such as carbohydrate and protein required for optimal
microbial growth (Prescott et al., 1999). Viability of Lactobacillus
acidophilus and L. plantarum in roselle extract for 27 days of storage
at ambient temperature was reported by Aramide et al. (2009). All
probiotic strains were viable at both storage temperatures after 21
days.

Lactobacillus paracasei 127 showed a stable level of viable cells
in fermented milk sample with blend proportion 2:1:1 (91.5% and
95.2% viability) while combination of L paracasei 127 and
Pediococcus  pentosaceus RS15 in fermented milk with equal
proportion of milk as starting premix showed the highest stability
(98.3% viability) at refrigerated temperature. Daneshi et al. (2013)
reported that L. acidophilus LAS showed a stable level of viable cells
(98.8% viability) in milk/carrot juice drink during storage.

The rate of proliferation of organisms in samples stored at 28
°C was observed to be higher compared with samples stored at 4
°C during 28 days storage. There was no significant difference
(P<0.05) in LAB population after 7 days of storage at both ambient
and refrigerated temperature. This could imply that little or no
microbial growth occurred during this period due to sudden cold
shock experienced by the organisms and also inhibition of most
microbial enzymes at low temperatures in thermophilic and
mesophilic organisms (Prescott et al., 1999; Adeniran et al., 2010) in
the refrigerated samples. At both storage temperatures, an initial
lag growth phase was experienced. P. pentosaceus exhibited high
population count after 21 days of storage while L. paracasei showed
high counts between days 0 and 7. At the end of storage, no
significant difference (P<0.05) was observed in the viability of
individual strain and their combination in all fermented milk
samples at refrigerated storage. This implies that shelf life stability
of fermented milk samples was obtained when stored in a
refrigerator for 28 days.

Table 1a: Lactic Acid Bacteria Counts in Fermented Milk Samples during Storage for 28 days at Ambient Temperature

Storage days AC AR ARC BC BR BRC AYBF
0 8.60+0.01 9.17+0.03* 8.68+0.01P 8.58+0.07>  7.86+0.02¢ 8.79+0.08 6.52+0.044
7 8.75+0.02°>  8.81+0.02° 8.76+0.01 8.41+0.01¢ 8.20:0.02¢  8.68+0.06° 8.26+0.03¢
14 8.66+0.05>  8.53+0.04° 8.65+0.07°  8.58+0.0l° 9.15+0.042 8.38+0.044 8.41+0.014
21 8.95+0.07° 7.85:0.014 8.11:0.04> 7.95+0.01¢ 7.82:0.044  815+0.07 7.81£0.014
28 8.08+0.01* 7.58+0.01P 7.39+0.01¢ 4.56:0.02¢  4.28:0.10f 7.51:0.01¢ 5.58+0.064
Table 1b: Lactic Acid Bacteria Counts in Fermented Milk Samples during Storage for 28 days at Refrigerated Temperature
Storage days AC AR ARC BC BR BRC AYBF
0 8.60+0.00° 9.17+0.03* 8.68+0.01° 8.58+0.07P 7.86+0.02¢ 8.79+0.08% 6.52+0.044
7 8.62+0.01¢ 8.23+0.014 8.61+0.02¢ 8.69+0.01° 7.90+0.02¢ 8.95+0.01 6.41:0.05f
14 8.59+0.02¢ 8.56+0.02¢ 8.85+0.042 8.85+0.01 7.98+0.06¢ 8.77+0.02% 6.68+0.04¢
21 7.98+0.014 8.08+0.01¢d 8.71+0.022 8.16+0.01° 7.93+0.01¢ 8.39+0.01 6.86+0.068
28 7.84+0.02¢ 7.59+0.054 8.69+0.03% 7.48+0.034 6.48+0.05f 8.11:0.01° 6.51:0.03

LAB counts expressed as log cfu/mL Means with the same superscript within rows are not significantly different at P <0.05.

Keys: AC: Equal proportion of milk blends fermented with P. pentosaceus; AR: Equal proportion of milk blends fermented with L. paracasei; ARC: Equal proportion of milk
blends fermented with combination of L. paracasei and P. pentosaceus; BC: Milk blend proportion 2:1:1 fermented with P. pentosaceus; BR: Milk blend proportion 2:1:1 fermented
with L. paracasei; BRC: Milk blend proportion 2:1:1 fermented with combination of L. paracasei and P. pentosaceus; AYBF: 100% AYB milk fermented with commercial starter

culture.
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Table 2a: Changes in pH of Fermented Milk Samples during Storage at Ambient Temperature

H. A. Adeniran, O.1. Olaniyi ¢ S. H. Abiose

i

Storage days AC AR ARC BC BR BRC AYBF

0 4.13 +0.02¢ 5.49+ 0.012 4.10+ 0.01¢ 4.03+0.034 4.34:0.02" 3.75+ 0.02¢ 4.28+0.03b

7 3.49+0.03¢ 3.61+ 0.01° 3.41:0.024 3.33+0.02¢ 3.01£0.02 4 3.04+ 0.01f 3.67+ 0.027

14 3.54+0.02¢ 3.83: 0.01 3.41£0.03 «d 3.47+0.02 ¢ 3.38+ 0.014 3.14+0.01¢ 4.66+ 0.06*

21 3.46+ 0.02¢ 3.84:0.012 3.350.01+ 4 3.32+0.02°¢ 3.22+0.02f 3.19+0.03 f 3.77+ 0.05P

28 3.37+0.04 ¢ 3.80+ 0.022 3.32+0.01¢ 3.25+0.024 3.00+ 0.01¢ 2.97+0.01f 3.67+0.01P
Table 2b: Changes in pH of Fermented Milk Samples during Storage at Refrigerated Temperature
Storage days AC AR ARC BC BR BRC AYBF
0 4.13 +0.02¢ 549+ 0.012 4.10+ 0.01¢ 4.03£0.03d 4.34:0.02P 3.75+0.02¢ 4.28+0.03b
7 3.86 +0.01¢ 4.96 £0.022 3.76 +0.014 3.71 £0.11¢ 3.86 +0.04¢ 3.60 +0.03f 4.06+0.03>
14 3.85 +0.054 4.70 £0.012 4.11+0.02> 3.70 +0.01¢ 3.71+0.02¢ 3.33+0.03f 4.01 +0.01¢
21 3.85+0.02¢ 4.33+0.022 3.87 +0.01¢ 3.67 +0.034 3.52 +0.02¢ 3.58 +0.02¢ 4.25+0.03b
28 3.67 +0.01¢ 4.03 +0.03? 3.60 +0.024 3.58 +0.05¢ 3.41£0.02f 3.45 +0.01f 3.86 +0.01P

Means with the same superscript within rows are not significantly different at P <0.05

Keys : AC: Equal proportion of milk blends fermented with P. pentosaceus; AR: Equal proportion of milk blends fermented with L. paracasei; ARC: Equal
proportion of milk blends fermented with combination of L. paracasei and P. pentosaceus; BC: Milk blend proportion 2:1:1 fermented with P. pentosaceus; BR:
Milk blend proportion 2:1:1 fermented with L. paracasei; BRC: Milk blend proportion 2:1:1 fermented with combination of L. pardacasei and P. pentosdceus;

AYBEF: 100% AYB milk fermented with commercial starter culture

3.2. pH and Acidity of fermented product

Reduction in pH of fermented milk samples, which follows
the same trend as the microbial count as reported in Tables la and
1b, was observed during storage at both ambient and refrigerated
temperatures (Table 2a and 2b). Initial pH of the products ranged
from 3.75 to 5.49 before storage with sample AR having the
highest value (5.49). Osman and Razig (2010) also reported a
reduction in pH from 4.50 to 3.00 in soy yoghurt at the end of 20
days storage This finding is in agreement with observation in this
study. A sharp decline in pH could be attributed to metabolism of
the sugars present in the substrate to produce acids such as lactic
acid and acetic acid which are major fermentation products of
heterofermentative Lactobacilli and Pediococcus sp (Ebhodaghe et al.,
2012). The rate of reduction in pH of fermented milk samples
stored at refrigerated temperature was observed to be slower
compared to samples stored at room temperature.

TTA (% Lactic acid)

AC AR ARC BC

Microbial activities are slowed down at lower temperature,
thereby affecting rate of substrate metabolism (Prescott et al.,
1999). Change in titratable acidity of fermented milk samples at
both ambient and refrigerated temperatures (Fig. 2a and 2b)
increased during storage. Initial titratable acidity of the fermented
products ranged from 0.53 to 1.02%. Titratable acidity of yoghurt
from cow and soy milk composite was reported to be 0.15 - 0.33%
(Olubamiwa and Kolapo, 2008). These values were lower
compared to those obtained from the fermented milk samples in
this study but lower than values (1.3 to 2.4%) reported by Adgidzi
et al. (2011) for yoghurt-like product from tiger-nut. The result
obtained in this study may be due to the initial starting premix
which contains more fermentable sugars due to inclusion of
coconut milk which may easily be converted into organic acids
than in cow and soy milk. Lactobacillus paracasei produced the
lowest amount of acidity during fermentation in the two milk
blends used. Combination of both probiotic strains resulted in
high acidity compared with product fermented with commercial
starter culture.

mDayO

mDay7
Day 14
Day 21

m Day 28

BR BRC

AYBF

Fermented Milk Samples

Figure 2a: Changes in Titratable acidity during Storage of Fermented Milk Samples at Ambient Temperature
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Figure 2b: Changes in Titratable acidity during Storage of Fermented Milk Samples at Refrigerated Temperature

Keys: AC: Equal proportion of milk blends fermented with P. pentosaceus; AR: Equal proportion of milk blends fermented with L. paracasei; ARC: Equal proportion of milk blends
fermented with combination of L. paracasei and P. pentosaceus; BC: Milk blend proportion 2:1:1 fermented with P. pentosaceus; BR: Milk blend proportion 2:1:1 fermented with L.
pardcasei; BRC: Milk blend proportion 2:1:1 fermented with combination of L. pardcasei and P. pentosaceus; AYBF: 100% AYB milk fermented with commercial starter culture.

Al-Kadamany et al. (2002) reported that lactic acid bacteria
exhibited a substantial lag phase initially, with counts increasing
thereafter and stabilized towards the end of storage. Pediococcus
pentosdaceus produces an equimolar mixture of acetate and lactate
from pentose sugars (Wood and Holzapfel, 1995); this is probably
the reason for high acidity observed in samples fermented with P.
pentosaceus compared to the other probiotic strain. Steady increase
was observed in titratable acidity of all fermented samples after 7
to 28 days storage in the refrigerator (0.77 -1.57) while a sharp
increase was noted in samples stored at ambient temperature (1.35
- 2.43). Lower rate of metabolism in organisms at cold
temperatures may be responsible for the difference in TTA of
samples stored at the two temperatures. Fermentation of
oligosaccharides (sugars) present in the milk samples by the LAB
isolates to produce lactic acid bacteria was observed to increase at
a very steady rate.

3.3. Total amino acid content of the product

Changes in amino acid content in fermented milk samples
stored at the two storage temperatures are shown in Tables 3a and
3b. In freshly prepared fermented milk samples, total amino acid
range was 4.27 -7.56 mg N/25 ml and after storage, it ranged
between 4.20 and 10.50 mg N/25 ml in samples stored at ambient
temperature while it ranged between 5.32 and 7.56 mg N/25ml in
samples stored at refrigeration temperature. Milk from African
yam bean and soybean are sources of protein which during
fermentation and storage could be used by LAB for growth. LAB
possess protease enzyme which metabolizes protein present in the
fermenting medium into amino acids (Rani and Khetarpaul, 1999;
Ebhodaghe et al., 2012).These amino acids may have been utilized
by these microorganisms resulting in a decrease in amino acid
content after 7 and 14 days of storage in some samples. As
microbial cells enter the death phase, they could also contribute to
the amino acid level of the fermented milk samples through
autolysis of these cells.

Increase in amino acid content was observed in milk blend
L1l fermented with P. pentosaceus (sample AC) (5.88 to 6.44 mg
N/25ml), AR (7.14 to 7.56 mg N/25ml), ARC 4.64 to 5.04 mg
N/25ml) and AYBF (4.27 to 5.32 mg N/25ml) stored at 4 °C and
likewise similar trend was noticed in samples AC, ARC and AYBF
at ambient temperature. This agreed with the findings of Olagunju
and Ifesan (2013) who noted the increase of amino acid during

fermentation of sesame seeds and Ebhodaghe et al. (2012) in storage
of probiotic soymilk while decrease was observed in samples BC,
BR and milk blend 2:1:1 fermented with combination of both
strains (BRC) both at ambient and refrigerated temperature.
Sample AC stored at ambient temperature had the highest content
of amino acids after storage period; this could be a result of
microbial death of the starter culture which greatly increased
during storage and also protein metabolism releasing amino acids
as end products. Germani et al. (2014) reported that in natural
yoghurt a significant increase of the amount of free amino acids
was observed during the period of shelf-life (97%) while in
sweetened full fats and fruit yoghurt; instead, there is a lower
increase of 33% and 39% respectively. This report justifies the
observation in this study.

3.4. Reducing sugar content of the product

Observable changes in reducing sugar content of fermented
milk samples during storage period at ambient and refrigerated
temperatures are shown in Tables 4a and 4b. Fermentable sugar in
the fermented samples ranged from 0.20 to 1.98 mg/ml before
storage and varied between 0.00 and 0.99 mg/ml in samples kept
at ambient temperature and 0.00 to 1.97 mg/ml in those kept at
refrigerated temperature. Reducing sugar content was lowest in
sample AYBF (0.20mg/ml). Inclusion of coconut milk in the milk
blends could be the possible reason for high value of reducing
sugar content in samples. Sample BR had the highest reducing
sugar content (1.98 mg/ml). After 7 days of storage, there was
reduction in the content of the reducing sugar of samples stored at
ambient temperature but increase was observed in the sugar
content of samples BC (1.03 to 1.24 mg/ml) and BRC (1.34 to 1.47
mg/ml) stored in the refrigerator. Generally, reducing sugar
content of samples stored at ambient temperature decreased with
time of storage and a total disappearance of sugar was noted in
sample AYBF. The probability of the organisms utilizing the
simple sugars for survival might be the reason for decrease in sugar
content over the period of storage since high metabolic rate is
observed at optimum temperatures.

At refrigerated temperature, reduction was gradual in some
of the samples during storage; nevertheless, increment was noted
in samples ARC (1.45 to 1.97 mg/ml), BC (1.03 to 1.45 mg/ml) and
BRC (1.34 to 1.67 mg/ml) in line with the report of Ebhodaghe et al.
(2012).
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Table 3a: Total Amino Acids in Fermented Milk Samples during Storage at Ambient Temperature

H. A. Adeniran, O.1. Olaniyi ¢ S. H. Abiose

Zzsgage AC AR ARC BC BR BRC AYBF
0 5.88+0.24¢ 7.14+0.14%b 4.64+0.16¢ 7.56+0.142 6.09+0.19¢ 6.51+0.39b¢ 4.27+0.07¢
7 5.67+0.072 4.34+0.42d 3.64+0.28¢ 4.90+0.142bed 5.18+0.172bed 5.08+0.42abed  518+(0.422bcd
14 5.18+0.14¢ 7.190.09* 4.48+0.56°¢ 6.86+0.422 3.64+0.00%f 5.15+0.07b 4.34+0.14¢d
21 7.50+0.422 5.74+0.14b 6.86+0.14% 5.10+0.28" 5.32+0.28" 7.14:0.14% 7.00+0.56%
28 10.50+0.427 6.65+0.35¢de 7.42+0.42¢d 5.74+0.14<f 4.20+0.28h 6.30+0.70%F 0.10+0.42b
Table 3b: Total Amino Acids in Fermented Milk Samples during Storage at Refrigerated Temperature
Storage
days AC AR ARC BC BR BRC AYBF
0 5.88+0.24¢ 7.14+0.14%b 4.64+0.164 7.56+0.142 6.09+0.19¢ 6.51:0.39b¢ 4.27+0.07¢
7 5.30:0.30%b¢ 5.04+0.28abed 5.39+0.212be 4.55+0.07bcd 5.46+0.14% 4.48+0.32¢de 5.25+0.2]2bed
14 5.04+0.46 5.40+0.28> 5.18+0.32b¢ 4.06+0.144 3.500.14¢f 5.18+0.42b 4.41+0.07¢de
21 5.32+0.01P 6.16+0.28b 7.42+0.422 6.16+0.06 5.60+0.56P 5.28+0.14> 5.18+0.14b
28 6.44+0.0.11> 7.56+0.262 5.04+0.288 5.94+0.144 5.46+0.424 6.32+0.28 5.32+0.28¢

Total amino acids expressed in mg N/ 25mL
Means with the same superscript within rows are not significantly different at P <0.05

Keys : AC: Equal proportion of milk blends fermented with P. pentosaceus; AR: Equal proportion of milk blends fermented with L. paracasei; ARC: Equal proportion of milk blends
fermented with combination of L. paracasei and P. pentosaceus; BC: Milk blend proportion 2:1:1 fermented with P. pentosaceus; BR: Milk blend proportion 2:1:1 fermented with L.

paracasei; BRC: Milk blend proportion 2:1:1 fermented with combination of L. paracasei and P. pentosaceus; AYBF: 100% AYB milk fermented with commercial starter culture

Table 4a: Reducing Sugar Content in Fermented Milk Samples during Storage at Ambient Temperature

Storage days

AC AR ARC BC BR BRC AYBF
0 1.12+0.04¢ 1.23+0.014 1.45+0.04b 1.03+0.01¢ 1.98+0.027 1.34+0.04¢ 0.20+0.02f
7 0.89+0.10¢ 0.23+0.014 1.100.06 1.09+0.06% 0.88+0.04¢ 1.15+0.052 0.06+0.02¢
14 0.70+0.06¢ 0.18+0.00f 1.32+0.062 1.13+0.01 0.93+0.034 1.08+0.02¢ 0.08+0.028
21 0.48+0.074 0.27+0.02¢ 1.08+0.032 0.88+0.14b¢ 0.92+0.05b¢ 0.67+0.15¢ 0.00+0.00f
28 0.29+0.01° 0.22+0.02¢ 0.870.07* 0.65:0.03b 0.91+0.05% 0.99+0.012 0.00+0.004
Table 4b: Reducing Sugar Content in Fermented Milk Samples during Storage at Refrigerated Temperature
Storagedays ¢ AR ARC BC BR BRC AYBF
0 1.12+0.04¢ 1.23+0.014 1.45+0.04b 1.03+0.01¢ 1.98+0.022 1.34+0.04¢ 0.20+0.02f
7 0.94+0.024 1.01£0.01¢4 1.40+0.10%0 1.24+0.06b 1.43+0.05° 1.47+0.082 0.110.02¢
14 1.67+0.03> 0.310.01¢ 2.00+0.0.082 0.99:+0.044 1.23+0.08¢ 1.63+0.09> 0.22+0.01¢
21 1.10+0.07b¢ 0.76+0.054 1.24+0.09b 1.74+0.032 1.05+0.16« 1.53+0.172 0.29+0.02¢
28 0.99+0.014 0.62+0.02¢ 1.97+0.052 1.45+0.13¢ 1.36+0.04¢ 1.67+0.02b 0.00+0.00f

Reducing sugar expressed as mg/mL
Means with the same superscript within rows are not significantly different at P <0.05

Keys : AC: Equal proportion of milk blends fermented with P. pentosaceus; AR: Equal proportion of milk blends fermented with L. paracasei; ARC: Equal proportion of milk blends
fermented with combination of L. paracasei and P. pentosaceus; BC: Milk blend proportion 2:1:1 fermented with P. pentosaceus; BR: Milk blend proportion 2:1:1 fermented with L.
paracasei; BRC: Milk blend proportion 2:1:1 fermented with combination of L. paracasei and P. pentosaceus; AYBF: 100% AYB milk fermented with commercial starter culture

Reducing sugar content was observed to be 0.00 mg/ml in
sample AYBF after been stored for three weeks at refrigerated
temperature unlike at ambient temperature with sugar
disappearing after storage for 2 weeks.

4. CONCLUSION

Lactobacillus paracasei 127 and P. pentosaceus RS15 from local
fermented foods were able to thrive in a non-dairy carrier, AYB-
based fermented drink at both ambient and refrigerated
temperature for 28 days and the physicochemical properties of
these products compared well with that of fermented milk from
soybean. In terms of probiotic potentials, sample BRC was the
best product while it was rated as the second best with respect to
sensory evaluation. The recommended shelflife of the beverage
when stored below 4°C is 28 days and 21 days at 28°C.

REFERENCES

Abiose, S. H. and Adedeji, A. A., Biochemical changes during the
fermentation of plantain. Nigerian Food J. 12: 92-98,1994.

Adeniran, H.A., Abiose, S. H. and Ukeyima, M.T., Microbiological
Assessment of Probiocated ginger-based beverages. Nutrition and
Food Sci. 40(2): 209-220, 2010.

Adeniran, H. A. and Abiose, S. H., Characterization and Hydrolytic
Activities of amylases from Bacillus licheniformis and Aspergillus niger
cultivated on agricultural residues. African Journal of Biotech. 11(6):
1465-1477, 2011.

Adgidzi, E. A, Ingbian, E. K. and Abu, J. O., Effects of Storage on the
Quality of Tiger Nut (Cyperus esculentus) Products. Production
Agriculture Tech. 7 (1): 131-147, 2011

Al-Kadamany, E., Toutell, I. and Khattar, M., Determination of shelf life of
concentrated yoghurt (labneh) produced in bag straining of set
yoghurt using Hazard analysis. Journal of Dairy Sci. 85:1023-103,
2002.

1115-9782 © 2016 Ife Journal of Technology
http://www ijtonline.org



‘IF Viability And Effect Of ‘Probiotic’ Lactic Acid Bacteria Isolated From Locally Fermented Foods In A Non-Dairy Beverage From African

Yam Bean

Amakoromo, E.R., Innocent-Adiele, H. C. and Njoku, H.O., Shelf-Life
Study of a Yoghurt-Like Product from African Yam Bean. Nature
and Sci. 10(5):58-63, 2012.

Aminigo, E. R., Lehtola, P. S. and Metzger, L. E., Nutritive Composition
and Physical Characteristics of supplemented imitation milk from
African Yam Bean (Sphenostylis stenocarpa). Global Journal of Pure and
Applied Sci. 13: 457-462, 2007.

Aramide, A. A, Abiose, S. H. and Adeniran, A. H., Microbial evaluation of
probiotic beverage from roselle extract. African Journal of Food Sci.
1(12): 385-392, 2009.

Arvanitoyannis, L.S., Van Houwelingen-Koukaliaroglou, M., Functional
Foods: a Survey of Health Claims, Pros and Cons, and Current
Legislation. Critical Review on Food Science and Nutr. 45:385-404,
2005.

Association of Official Analytical Chemists AOAC, Official Methods of
Analysis. Washington, DC: Association of Official Analytical
Chemists, 2000.

Ebhodaghe, S.0., Abiose, S.H. and Adeniran, H.A., Assessment of Physico-
chemical Characteristics, Viability and Inhibitory Effect of
Bifidobacteria in Soymilk. Journal of Food Res. 1(2): 159-169, 2012.

FAO/WHO, Health and Nutritional Properties of Probiotics in Food
including Powder Milk with Live Lactic Acid Bacteria. Cordoba,
Argentina: Food and Agriculture Organization of the United
Nations and World Health Organization Expert Consultation
Report, 2001

Fasoyiro, S.,Yudi, W. and Taiwo, K., Processing and Utilization of
Legumes in the Tropics, Trends in Vital Food and Control
Engineering, Ayman Amer Eissa (Ed.), [SBN: 978-953-51-0449-0, In
Tech, Available from http://www.intechopen.com/books/trends-in-
vital-food andcontrolengineering/processing-and-utilization-of-
legumes-in-the-tropics, 2012.

Frais. F., Introductory Biochemistry: An Introductory Course. London:
Butterworth and Co Ltd. Pub, 1972.

Germani, A., Luneia, R., Nigro, F., Vitiello, V., Donini, L.M. and delBalzo,
V., The yogurt amino acid profile’s variation during the shelf-life.
Annals of Ig,, 26: 205-212, 2014.

17

Harrigan, W.F., Schemes for the Identification of Microorganisms. In:
Laboratory Methods in Food Microbiology. (3rd Edn). Academic
Press, London, 1998.

Harrigan, W.F. and McCance, M.E., Laboratory Methods in Food and
Dairy Microbiology, Academic Press, London, 1976.

Lilly, D. M. and Stillwell, R. H., Probiotics: growth-promoting factors
produced by microorganisms. Sci. 147: 747-748,1965.

Olagunju, A. I. and Ifesan, B.O.T., Changes in nutrient and antinutritional
contents of Sesame seeds during fermentation. Journal of
Microbiology, Biotechnology and Food Sci. 2(6): 2407-2410, 2013.

Olubamiwa, A.O. and Kolapo, A.L., Production of yoghurts from cow and
soy composite milk using starter cultures from different sources.
Journal of Applied Biosci. 6:158-163, 2008.

Omafuvbe, B. O., Abiose, S. H. and Shonukan, O. O., Fermentation of
Soybean (Glycine max) for soy-daddawa production by starter
cultures of Bacillus. Food Microbiol. 19: 561-566, 2002.

Osman, M. M. D. and Razig, K. A. A., Quality Attributes of Soy-yoghurt
during Storage Period. Pakistan Journal of Nutri. 9 (11): 1088-1093,
2010.

Prescott, L.M., Harley, J.P. and Klein, D.A., Microbiology 4 edition.
Toronto: WCB/McGraw-Hill, 1999.

Rani, B. and Khetarpaul, N., Probiotic fermented food mixture: possible
application in clinical and anti-diarrhoea usage. Nutrition and
Health. 12: 97-105, 1999.

Sanful, R.E., The Use of Tigernut ~Cyperus esculentus, Cow milk and their
composite as substrates for yoghurt production. Pakistan Journal of
Nutri. 8(6): 755-758, 20009.

Song, D., Ibrahim, S. and Hayek, S., Recent Application of Probiotics in
Food and Agricultural Sciences, Intech, Open Access Publisher,
2012. ISBN: 978-953-5107-767. Available from
http://www.intechopen.com/books/probiotics/recent-application-
of-probiotics-in-food and agricultural sciences, 2012.

Udeozor, L.O., Tigernut-Soy Milk Drink: Preparation, Proximate
composition and Sensory qualities. International Journal of Food
and Nutrition Sci. 1(4): 18-26, 2012.

Wood, B. J. B. and Holzapfel, W. H., The Genera of Lactic Acid Bacteria.
First edition (1995). Blackie academic and professional, Glasglow,
1995.

1115-9782 © 2016 Ife Journal of Technology
http://www ijtonline.org



