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ABSTRACT

Soymilk, a plant-based drink, contains high nutritional content, including protein, fat,
carbohydrates, vitamins, and minerals. However, its limited shelf life as a result of microbial
activities poses a significant challenge. It is a fact that plant extracts inhibit the growth of
microorganisms. The objective of this research work was to evaluate the assessment of
spoilage in soymilk and explore techniques to extend its shelf life. Samples of sweetened and
unsweetened soymilk were acquired from different locations, and transported to the
laboratory for analysis. The pour plate method was employed to determine the microbial
count and identified the microorganisms. The bacteria isolated include; Staphylococcus
aureus, Klebsiella spp, and Pseudomonas spp, while the fungi isolated were Aspergillus spp,
Fusarium spp, and Candida albicans. Furthermore, various plant extracts were tested against
the organisms that had the highest population, and it was discovered that Azadirachta indica
inhibited the growth of Staphylococcus aureus, whereas Sesamum indicum inhibited the
growth of Aspergillus spp. This research finding indicated a substandard hygienic level in
soymilk production, which contributed to spoilage caused by microorganisms. It also
emphasizes the role of plant extracts from Azadirachta indica (Neem leaf) and Sesamum
indicum (Sesame Leaf) in extending the shelf life of soymilk, albeit with potential effects on
its organoleptic properties.
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INTRODUCTION

Appropriate nutrient consumption supports
healthy living. Food security via agricultural
intensification and industrial food supply
aims to prevent food scarcity and
malnutrition. Cereal crops like maize, wheat,
rice, etc.,, provide global food energy due to
their essential nutrient composition [1]. Milk
and dairy products are known as nutrient-
dense foods, supplying energy and high-
quality protein with a range of essential
micronutrients [2]. Milk minerals are crucial
for human health and development as well
as in dairy processes as cheese-making and
for all traits involving salt-protein
interactions. Soybean (Glycine max), as an
economically important food and oilseed
crop, is known by different names in
different parts of the world, soya beans
(Nigeria), Chinese pea (China), Churia bean
(Manchuria). It is the major source of plant-
derived dietary protein, oil and bio-
functional components [3]. The soybean
seed contains all essential amino acids
required for human consumption. It is
enriched with macro- and micronutrients
and provides an environmentally friendly
protein source for both humans and
monogastric livestock operations [4]. It has
been determined that obesity can be
effectively prevented and treated by the
administration of soy protein. Soybean is
also a good source of phenolic compounds
with antioxidant properties and has an
extraordinarily high amount of isoflavones
[5]. Saponins and phytic acid present in
soybeans are reported to be effective in
preventing chronic diseases, including
arteriosclerosis, cardiac diseases, diabetes,
senile dementia, cancer, and osteoporosis
[6]. However, food quality control affects
safety, shelf life, texture, palatability, and
acceptability food. Pathogenic bacteria in
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processed foods affect safety and shelf life,
reducing consumer choice and demand [7].

A very popular soybean product is soymilk.
Soymilk is a plant-based milk gotten from
soybean seed which have an exceptional
nutritional value. Soymilk has a smooth
creamy texture with an off-white emulsion-
like suspension containing water-soluble
vitamins, proteins and carbohydrates. Soy
milk possesses a balanced nutrient
combination, which is similar to cow’s milk
in compositions and physical appearance,
but free of cholesterol, gluten and lactose,
plus favourable phytochemical compounds
linked to health [8, 9]. When soymilk is
properly processed, it offers a lot of
nutraceutical and health benefits. Some of
those health benefits may include, low
cholesterol and lactose, its ability to reduce
bone loss and menopausal symptoms,
prevention of heart disease, and certain
cancers [10, 11]. Nutrients such as omega-3,
fatty acid, dietary fibre, iso-flavones, Vitamin
C, proteins, carotenoids and
oligosaccharides are abundant in the
Soymilk [12]. Soymilk have been suggested
as an alternative probiotic food carrier to
dairy milk due to their low cost, availability,
suitability for vegetarians and health
benefits without the side effects often
associated with commercial drugs [13]. The
protein content of soymilk is close to that of
cow's milk and some phytochemicals
present in soybeans that confer health
benefits are brought into the soymilk hence,
it can be recommended as naturally
substitute for cow milk in adults [14, 10].
Soya milk can be produced traditionally
from soybean seeds. The soybean seeds
undergo a thorough cleaning and sorting
process to remove defective seeds, pebbles,
and foreign materials. It is then washed with
tap water and soaked overnight before the
water is drained [15]. To facilitate the
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removal of the seed coat, the seeds are
rubbed between the hands (just the same
way beans is de-hauled). Using flowing tap
water and hands, the soybean seed coat is
then sieve out and rinse with clean water
several times [16]. At this stage, the beans
are ready for milk extraction. The seeds are
transferred to blender and some amount of
water is added and blended together until
smooth [15]. The resulting mixture is filter
through a fine sieve and double-layer
cheesecloth to ensure the separation of
undesired particles from the liquid [15]. The
filtered soya milk is transferred into a pot
and boiled for about 15-20 minutes, with
occasional stirring to prevent scorching.
Once removed from the heat, it is filtered to
remove the insoluble soy pulp fibre (Okara)
and leave to cool [16]. Finally, the cooled
soymilk is carefully packed in transparent
bottles and tightly sealed for storage at both
ambient and refrigeration temperatures.

However, due to its nutritious content, it is
vulnerable to microbial attack during
processing or stocking which lead to limited
shelf life of the product as well as the risk of
public health hazard if not properly
processed [17]. Some producers of soymilk
do not undergo detailed processes of
producing soymilk and still produce and sell
under unhygienic environment thereby
exposing the soymilk to high levels of
contamination by pathogenic and other
spoilage organisms. The presence of certain
Bacteria such as Bacillus spp., Enterobacter
spp. and Escherichia colihas been isolated in

soymilk at room and refrigeration
temperatures [17]. [18] also isolated
Staphylococcus  spp,  Klebsiella  spp,

Pseudomonas spp. and fungi isolates of the
genera Aspergillus. [19] examined the
microbial quality of locally and industrially
produced soybean products sold in Port
Harcourt Metropolis, Nigeria. Their results
revealed significantly higher bacteria and
fungi counts in locally prepared samples
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compared to industrially prepared samples.
They reported that Pseudomonas spp., and
Staphylococcus spp., were the most common
bacteria in locally processed samples.

Soymilk is stable up to two days at room
temperature without addition of any
preservatives and by using different types of
preservatives in different levels the shelf life
can be increased up to 14-17 days at
refrigeration temperature. Potassium-meta-
bi-sulphite (KMS), Sodium-benzoate and
potassium sorbate can be used individually
or in a mixture of the three for preservation
of soymilk [20]. However, potassium-meta-
bi-sulphite may cause fatal allergic reactions
if inhaled or swallowed by some asthmatics
and other 'sulfite-sensitive' individuals but
the colour and the flavour remains constant.
Similarly, Sodium-benzoate can increase the
risks of inflammatory and also reduce the
potential of soymilk to treat obesity.
According to [21] who conducted Antibiotic
sensitivity test against isolated organisms
from soymilk, Staphylococcus aureus,
Streptococcus faecalisare, Salmonella spp,
and Klebsiella were all sensitive to
antibiotics used but when employed as a
preservatives agent could affect soymilk
texture and the taste due to the contents of
antibiotics. However, the use of plant
extracts against food pathogens and spoilage
microorganisms has been greatly studied
[22]. The phytochemical compounds such as
nimbolide, gedunin, terpenoids, etc. are
known to have antibacterial activity without
drug resistant problem [23], the leaves,
flowers, seeds, fruits, roots and bark of neem
tree are used for the treatment of infections
on skin, teeth and gums [24]. In addition,
[25] reported that thyme oil extract could
decrease the growth of Candida albicans and
Pseudomonas aeruginosa. Due to the
phenolic and terpene molecules present in
ginger, the ethanolic extract has been used
against various bacteria including £ col/i and
S.  typhi [26-27]. Furthermore, the
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composition of Sesame has been extremely
studied thereby make its effective against
microorganisms include: S. aureus,
Fusobacterium nucleatum, K. pneumonia
[28-29]. It has also been demonstrated that,
the compounds such as alkaloids
(betacyanins and betaxanthin), polyphenols
(flavonoids, steroids, catechuic acids and
tannins), terpenoids (cerasinone and
norecasantalic acid) and saponins present in
Amaranthus have broad-spectrum anti-
bacterial activity [30-31].

Therefore, the aim and objective of this
research are to isolate and identify the
possible microorganisms causing spoilage in
soymilk and see how its shelf life can be
extended using plant extracts

MATERIALS AND METHOD

Collection of Samples and Shelf-Life Studies
Two different soymilk sample (sweetened
and unsweetened) were purchased from
[lorin, kwara State and stored at room
temperature (27+20°C) under aerobic and
anaerobic condition. The soymilk samples
were observed every day until the
organoleptic properties changed.

Media preparation

The media used namely Nutrient agar (NA),
MacConkey’s agar (MCA), Eosin methylene
blue agar (EMB), Simmon’s Citrate agar
(SCA) and Urea agar (UA) were prepared
according to the manufacturer instructions
and sterilized by autoclaving at 121°C for
fifteen minutes.

Isolation of bacteria

The pour plate method described by [32]
was adopted. The samples were serially
diluted in ten test tube, five test tube for
each sample and 1ml of each dilution were
introduced into sterile petri dishes. Nutrient
agar was added and the plates were rotated
gently for easy mixing of the samples and
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the media. The plates also contained
ketoconazole at a concentration of 0.05mg/1
to inhibit fungal growth. The plates were
incubated in an inverted manner at
temperature of 37°C for 24 hours. The
resulting colonies were sub-cultured and
then transferred into agar slants for further
analysis.

Characterization and Identification of the
Bacterial Isolates

The isolates were subjected to
morphological and biochemical tests and
were identified by comparing their
characteristics with those of known taxa as
described by [33]. Gram staining, sugar
fermentation, (glucose, lactose, sucrose),
catalase test, citrate test, urease test, Methyl
red, indole test and oxidase test were
carried out as described by [34].

Isolation of fungi

Cheesbrough’s pour plate method (2006)
was adopted. The samples were serially
diluted in ten test tubes, five test tubes were
used for each sample, with 1ml of each
dilution were introduced into sterile Petri
dishes. Prepared Potato Dextrose Agar was
added and the plates were rotated gently for
easy mixing of the samples and the media.

The PDA media was modified with
streptomycin to inhibit bacterial
contamination. The plates were then

incubated at temperature of 25°C for 48-
67hours. The resulting colonies were sub-
cultured and then transferred into agar
slants for further analysis.

Identification of fungi

Fungi counts were determined on Potato
dextrose agar plates (PDA). Fungi were then
identified by cultural and morphological
characteristics (using a microscope) based
on mycelium structure, branch conditions,
conidiophore presence, shape etc. according
to [35].
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Preparation of Plant-Extracts

The plant-extracts used were from Neem
leaves (Azadirachta indica), Green amaranth
leaves (Amaranthus hybridus), Thyme
leaves (7Thymus vulgaris), sesame leaves
(Sesame indicum) and Ginger leaves
(Zingiber officinale). Ten grams (10 g) of
leaves of neem pants were thoroughly
washed in clear water to remove any
undesirable particles and soaked in 1 liter of
boiled (100°C) water for 8 hours for
extraction of the leaves bioactive
constituents. The resulting extract was
stored at 25°C until usage. The same
extraction method was employed for the
other plant leaves.

Sensitivity test against isolated organisms
using Plant extracts

The sensitivity test was done against the
isolated organisms. Plant extracts were used
instead of distilled water to prepare
Nutrient  agar  according to  the
manufacturer’s instructions for the isolation
of bacteria. The Nutrient agar was poured
into a plate labeled S. aureus, Klebsiella, and
Pseudomonas. Using the streak method, a
discrete colony was picked from each
isolated colony and aseptically streaked
onto the NA plates prepared with extracts.
The plates were then incubated at 37°C in an
inverted manner for 24 hours. Similarly,
Potato Dextrose Agar was prepared with
plant extracts against the isolated fungi at
room temperature (20-25°C) in an inverted
manner for 72 hours.

Shelf Life Study Using Plant Extracts as a
Preservative Agent at 25°C

1ml concentration of extracts of each plant
extract was obtained and incorporated into
750 ml of fresh soymilk samples; also, a
combination of two extracts, each 0.5 ml was
introduced into 750 ml of freshly collected
samples, and its shelf life was studied every
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12 hours until the organoleptic properties
changed.

RESULTS AND DISCUSSION

From my table 1, it will be observed that
presence or absence of air during storage of
soymilk does not have any effect on its shelf
life because both the aerated and unaerated
samples keep well until the same period i.e.
spoilage occur about the same time. The
organisms isolated in this research work
includes Staphylococcus spp, Pseudomonas
spp, Klebsiella spp, Aspergillus spp and
Fusarium spp. This result is in line with the
work of [17, 36], they also reported the
presence of  Staphylococcus  aureus,
Klebsiella and Pseudomonas from their
isolated samples. This research is also in
accordance with [21] who studied the
Antibiotic  Susceptibility = Screening of
Pathogenic Bacteria Isolated from Locally
Produced Soybean (Glycine max) Milk and
the organisms isolated were Staphylococcus
aureus and Klebseilla spp. The presence of
Staphylococcus aureus, and Klebsiella spp.,
has been found to align with [9] researched
from the sample from Eke-Awka, Amenyi,
Ifite, Aroma and Permanent Site markets
all in Awka, Anambra State, Nigeria. The
microbial load of the analyzed soymilk
exceeds the recommended standard of
bacterial count (2.0 x 104 CFU/ml)
established by the Soy Foods Association of
America (SFAA) and the acceptable limit for
pasteurized milk (3.0 x 104 CFU/ml), thus
rendering them unsuitable for consumption.
Staphylococcus aureus had the highest
percentage 50% of occurrences of bacteria
in the soymilk samples show that there is a
poor personal hygiene in the production
processed making it unsafe for consumption
and limit its shelf life. The isolation of
Aspergillus spp which had the highest
percentage 64% of occurrence after 72
hours at room temperature indicate that
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Aspergillus spp. contribute to soymilk
spoilage. This, in turn, limits the shelf life.
Due to the significant importance of
nutritional content of soymilk, the challenge
with its handling is in the processing and
storage as the presence of spoilage
organisms multiply and cause undesired
effects which thereby limits its shelf life.

The sensitivity test against the isolated
bacteria after 24 hours of incubation
indicated that Staphylococcus aureus is
more sensitive to plant-extracts (Neem
leaves extracts) which had just one colony
count against the NA prepared with Neem
leaves compared to other extracts. However,
it shown resistance against sesame leaves
extracts (Table 6). Similarly, among all the
isolated fungi, Aspergillus spp. was seen to
be more sensitive to sesame leaves extracts
compared to other organisms and plant
extracts, this is due to the antimicrobial
content of the leaves, which inhibits the
growth of the microorganisms (Table 7).
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Aligned with this research, Antibiotic
Susceptibility ~Screening of Pathogenic
Bacteria Isolated from Locally Produced
Soybean (Glycine max) Milk Sold in Port
Harcourt, Nigeria recorded Staphylococcus
aureus to be the most sensitive to all
antibiotics particularly Ampiclox (80%)
[21].

The synergistic effects of the powder leaves
extracts when incorporated into a fresh
soymilk samples showed that the
combination of Neem and Sesame leaf
powder greatly increased soymilk shelf life
for more than 48 hours (Table 8). Based on
this research, when soy milk is stored at
25°C for more than 48 hours without any
preservative agent, it leads to microbial
proliferation, which significantly shortens
its shelf life. Using plant extracts against the
most proliferation organisms that render
them susceptible to spoilage can be an
effective way of extending its shelf life.

Table 1. Physical characteristics of soymilk stored in ambient under aeration and anaerobic condition

Time Storage condition Colour Taste Odour
24hrs Ambient (anaerobic) White, there is no separation Good Good
of whey.

Ambient (aeration) White, there is no separation Good Good
of whey.
48hrs Ambient (anaerobic) White, there is separation of Good Good
whey.
Ambient (aeration) White, there is no separation Good Good
of whey.
72hrs Ambient (aeration) Whitish whey separated Bad Bad
Ambient (anaerobic) Whitish whey separated Bad Bad

Table 2: Plate Count on Nutrient Agar/Potato Dextrose Agar

Selected Plates Number of days
(24hrs) (NA)

(CFU/ml)

Selected Plates Number of days (CFU/ml)

(72hrs) (PDA)

105 (ANO) 1.5 x 108 10-4 1.3 x 106
104 (AA) 3.8x 103 10-4 5.0 x 10*
104 (AA) 7.0 x 105 10-4 3.0 x 103
105 (ANO) 4.7 X 106 10-5 7.0 X 105

Keys= Ambient (Aeration) (AA)
Ambient (Anaerobic) (ANO)
Potato Dextrose Agar (PDA)
Nutrient Agar (NA)
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Table 3: Cultural characteristics of isolated bacteria and Fungi

Isolated Bacteria

Isolated Fungi

Isolated plates Cultural Features on NA
105 Creamy, small, round, shiny and smooth edges
104 Milky, flat, shiny, small, round with irregular
shape and surface with rigid edges
104 Creamy, yellowish, small, shiny and smooth
surface, irregular shape with rigid edges
10-5 Creamy, round, Small, Yellowish, shiny with

smooth edges

Isolated plates Cultural Features on PDA
104 Creamy, small, round, shiny and smooth
edges Flat, filiform, filamentous, black
104 Milky, flat, shiny, small, round with irregular
shape and surface with rigid edges

104 Creamy, yellowish, small, shiny and smooth
surface, irregular shape with rigid edges

10-5 Creamy, round, Small, Yellowish, shiny with

smooth edges

Table 4. Biochemical Test for bacterial identification

Isolated Appeara Gram Catalase Indole Citrate  Urease Oxidase  Methyl Probable
Glucose  Sucrose Lactose
plates nce staining test test test test test red microorganisms
Klebsiella
105 Nil +Rod + + + + _ _ + + +
oxytoca
Staphylococcus
10- Nil +cocci + _ + + _ + + + +
aureus
Staphylococcus
104 Milky +cocci + _ + + _ + + + +
aureus
Yellowis Pseudomonas
104 +Rod + _ + _ + _ _ _ -
h spp
Yellowis Pseudomonas
103 +Rod + _ + _ + _ _ _ -
h spp
Staphylococcus
103 Milky +cocci + _ + + _ + + + +
aureus

Table 5: Percentage of occurrence of bacterial and fungal isolates

Isolates for bacterial

Isolates for Fungi

Probable organisms Number %
Staphylococcus aureus 3 50
Klebsiella oxycota 2 333
Pseudomonas spp 1 16.6
Total 6 100

Probable organisms Number %
Aspergillus spp 7 64
Fusarium spp 2 18

Candida spp 2 18
Total 11 100
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Table 6: Sensitivity Test of the plant extracts against the isolated bacteria after 24 hours’ incubation

Plant Extracts Staphylococcus aureus Klebsiella oxycota Pseudomonas spp
Neem leaves 1 7 6
Green amaranth 7 5 9
leaves
Sesame leaves 9 10 8
Ginger leaves 5 8 5
Thyme leaves 5 12 8
Table 7: Sensitivity Test against the isolated fungi after 72 hours incubation
Plant Extracts Aspergillus spp Fusarium spp Candida spp
Neem leaves 9 8 9
Green amaranth 11 5 7
leaves
Sesame leaves 0 9 8
Thyme leaves 6 7 5
Ginger leaves 5 9 12
Table 8. (Study of Soymilk Sample Using Plant Extracts as a Preservative At 25°C)
Fresh Soymilk Samples
Plant extracts
12h 24h 36h 48h 60h 72h 84h 96h 120h 135h 144h
Neem leaves Excellent  Excellent Very Very Good Good Fair Fair Doubtf  Doubtf Poor
good good ul ul
Thyme leaves Very good Good Fair Fair Doubtf  Poor Very Bad Bad Bad Bad
ul poor
Ginger leaves Excellent  Very Good Fair Doubtf Doubt Poor Poor Very Bad Bad
good ul ful Poor
Sesame leaves Excellent  Very Very Good Good Good Fair Fair Doubtf  Poor Bad
good good ul
Green amaranth Verygood Good Fair Fair Doubtf  Poor Very Very Bad Bad Bad
leaves ul Poor Poor
NL + AL Excellent  Very Good Good Fair Doubt  Poor Poor Very Bad Bad
good ful Poor
SL + AL Excellent = Good Good Good Fair Doubt  Poor Very Bad Bad Bad
ful poor
GL+TL Very good Good Good Fair Doubtf  Poor Very Bad Bad Bad Bad
ul poor
NL + TL Excellent  Very Good Good Fair Fair Doubtf  Poor Very Bad Bad
good ul Poor
TL + SL Very good Very Good Good Good Fair Doubtf  Poor Poor Very Bad
good ul poor
SL + GL Excellent  Very Very Good Fair Fair Doubtf  Poor Very Bad Bad
good good ul poor
NL + SL Excellent  Excellent Excellent Very Very Good Good Good Good Fair Doubtf
good good ul
GL + AL Very good Good Good Fair Doubtf Doubt Poor Very Bad Bad Bad
ul ful poor
TL + AL Very good Good Fair Fair Doubtf  Poor Very Bad Bad Bad Bad
ul poor
GL + NL Excellent  Very Good Good Fair Fair Doubtf  Poor Very Bad Bad
good ul poor

Keys = Sesame leaves (SL)

Green Amaranth leaves (AL)

Neem leaves (NL)
Thyme leaves (TL)
Ginger leaves (GL)

Hour(h)
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Figure 1: (Chart Showing the Shelf life of Soymilk sample using plant extracts as a

preservation at 25°C)

Keys: Excellentl @ (Blue)
Very good @ (Purple)
Good I (Green)

Fair M (Black)

Doubtful EEE (Orange)
Poor M (Red)

Very poor | (Dark Red)
Bad WM (Dark Red)

CONCLUSION AND RECOMMENDATION

A variety of bacteria and fungi, including
Staphylococcus aureus, Klebsiella spp.
Pseudomonas  spp., Fusarium  spp.,
Aspergillus spp., and Candida spp. were
found in the soymilk Samples, which limit its
shelf life. Staphylococcus aureus, which
tends to be the most predominant bacteria,
can be attributed to the producers' poor
personal hygiene, as well as the unhygienic
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conditions of the processing machinery and
raw materials, which favor microbial
proliferation. However, plant extracts are
an effective way to extend soymilk shelf life
without any side effects for the consumer
compared to commercial preservatives, but
the organoleptic properties remain affected
due to the limonoid content present in Neem
leaf. If a standard hygienic practice can be
employed in the production and the
combination of Sesame and Neem plant
extracts can be added during the boiling of
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the soymilk, a product with an extended
shelf life can be made.
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