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Abstract

Fresh tigernuts and soybean seeds were processed and blended at
different proportions to formulate six new products of natural Tigernut-Soy Milk
Extract (TSME) samples: (TME: SME)- 100:0, 90:10, 80:20, 70:30, 60:40 and
50:50 without addition of spices and chemical preservatives. The samples
were evaluated for their microbiological status. Microbiological examination
of the products was carried out for a period of 14 days under refrigeration
storage (4°C) and ambient storage (28+2°C). A total of 7 different genera of
microorganisms were isolated from the blends and a direct relationship existed
between the microbial content of the samples and the rate of substitution.
Varying proportions, length of storage and storage conditions significantly
(p<0.05) affected the microbiological status of the samples. The refrigerated
milk products were microbiologically stable during storage and had no coli form
growth throughout the storage period. The bacterial and fungal growth at zero
days of storage was not higher than 10%cfu/ml; however, the samples stored
under ambient condition had 10%fu/ml. The microbial status of the samples
revealed that the different storage conditions (refrigeration and ambient-
storage) affected the quality of beverages differently, thus the beverage should

be consumed immediately after processing.

Keywords: Microbiological Status; Milk Extract; Storage; Soybean;
Tigernuts

Introduction

Tiger-nut (Cyperus esculentus L.) belongs to the Division-
Magnoliophyta, Class-Liliopsida, Order-cyperales and Family-
Cyperaceae and was found to be a cosmopolitan, perennial crop of
the same genus as the papyrus plant. The tubers are about the size of
peanuts and are abundantly produced in Nigeria. It has many other
names like Zulu nut, yellow nut grass, ground almond, and chufa,
edible rush and rush nut. Other names of the plant are earth almond
as well as yellow nut grass [1]. In Nigeria, the Hausas call it “Aya”,
Yorubas “imumu”, the Igbos “aki Hausa”, “ofio” in southern Nigeria
[2]. Tiger-nut has been cultivated since early times (chiefly in south
Europe and West Africa) for its small tuberous rhizomes which are
eaten raw or roasted, used as hog feed or pressed for its juice to make
a beverage. Non-drying oil (usually called chufa) is equally obtained
from the rhizome. The nuts which are cultivated throughout the world
are also found in the Northern part of Nigeria and other West Africa
Countries like Guinea, Cote d’ivore, Cameroon, Senegal, America
and other parts of the World (Irvine, 1969).

The nut was found to be rich in myristic acid, oleic acid, linoleic
acid [3], with oleic acid being the most abundant [4]. Tiger-nut
was reported as very healthy as it helps in preventing heart attacks,
thrombosis and activates blood circulation. It is believed that they
help to prevent cancer especially of the colon due to high content
of soluble glucose. Tiger-nut was equally reported to have positive
effect on cholesterol level due to high content of vitamin E. They
are thought to be beneficial to diabetics and those seeking to reduce
cholesterol or lose weight. The very high fibre content combined

with a delicious taste; make them ideal for healthy eating [2]. The
nut is rich in energy content (starch, fat, sugars & protein), mineral
(phosphorus, potassium) and vitamins E and C. The nut was found to
be ideal for children, older persons and sportsmen [5]. The inclusion
of 33.33% of tiger-nut in the diet of cockerel starters was reported by
[6]. Since the tubers contain 36% oil, C. esculentus has been suggested
as potential oil crop for the production of biodiesel [4]. The oil
remained uniformly liquid at refrigeration temperature; this makes
the oil suitable for salad making [7]. Tiger nut was found to be a good
substitute for some other (plant) milk sources. The nuts are valued
for their highly nutritious starch content, dietary fibre, carbohydrate
(mono, di and polysaccharides) [7]. The nut was reported to be rich
in sucrose (17.4 to 20.0%), fat (25.50%), and protein (8%) [8]. The
nut is also very rich in mineral content (Sodium, Calcium, Potassium,
Magnesium, Zinc and traces of Copper [9]. Research studies have
shown that 100g Tiger-nuts contain 386 kcal (1635 kJ), 7% proteins,
36% fats (oils), 31% starch, 21% glucose, and 26% fiber of which
14% is non-soluble and 12% soluble [4]. Tiger-nuts are regarded as a
digestive tonic having a heating and drying effect in digestive system
and alleviating flatulence. They also promote urine production. The
nuts are said to be stimulant and tonic and also used in the treatment
of indigestion, colic diarrhoea, dysentery and excessive thirst [10].

Soybean (Glycine max M) with 40% protein and 20% fat
assumes the most predominant position in solving the nutritional
imbalances prevailing. It not only provides quality macronutrients
but also various other micronutrients, which are required to fight
against malnutrition. Soybean is rich in protein content and can
furnish protein supply to bridge up the protein deficiency gap at
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low-cost than any other crop [11]. Among the numerous soy food
items, soymilk (extract of soybean) had been the first product ever
prepared and consumed by human since long ago. Soymilk not only
provides protein but also is a source of carbohydrate, lipid, vitamins
and minerals [12]. Soymilk is an alternate of dairy animal milk due
to its cheaper high-quality protein. Soymilk is a healthy drink and is
important for people who are allergic to cow milk protein and lactose.
In spite of its nutritional merits, it has not gained much popularity
mainly due to its beany flavor and astringency [13].

In view of the scarce milk supply in various countries and the ever
increasing gap between the requirement and population, efforts have
been made over the years to develop alternative milk-like products
from vegetable sources [14]. Soybeans, peanuts and cowpea have been
accorded high attention in the investigations on milk substitutes.
However, hardly any attention has been given to the use of locally
available tiger-nut as such or in combination with milk to produce a
palatable ready-to-serve bottled beverage, like ‘Horchata de chufas’
as done in South Europe especially in Spain [15]. Tigernut-Soy Milk
(TSME) is a blended, processed commodity and is a source of high
quality energy, protein, minerals, and vitamins. The implication of
using the two different milk sources in the diet is the high contents
of protein and fat. The total energy value of the milk is from the
fat content hence, higher fat content is an indication of more total
energies available [16].

The objectives of this work therefore were to evaluate the
microbial status of tiger nut-Soy milk extract and to determine the
effect of storage on the quality of tiger nut-soy milk extract.

Materials and methods

Fresh Tiger nuts and soybean seeds were purchased from the
local traders in Eke-onunwa market in Owerri, Imo State, Nigeria.
The equipment and chemicals used were obtained from Nigerian
Institute of Science Laboratory Technology (NISLT), Samonda,
Ibadan, Oyo State and Anthony Van-Leeuwenhoek Research Centre,
Nekede, Owerri, Imo State.

Sample preparation: Fresh tubers of tigernuts and soybean seeds
were sorted; foreign materials, bad/cracked nuts and seeds which may
affect the taste and quality of the milk extract were removed, washed
and rinsed with portable water and used to produce milk.

Tigernut milk extract: 1kg of the fresh tigernuts was blended
several times into slurry with water (6L) in a Q-link auto-clean
blender. The slurry was pressed using muslin cloth to extract the milk.
The extract was pasteurized at 72°C for 15s. It was homogenized using
improvised equipment; Q-link auto-clean blender, bottled when hot
and rapidly cooled. The flow chart for tigernut milk extract (TME)
production is shown in (Figure 1).

Soybean milk extract: 1kg of soybeans was soaked overnight
for 18h in a 3L of warm portable water to give a bean: water ratio
of 1:3. The beans were then drained, rinsed with treated water and
blanched for 5min in boiling water. The blanched beans were drained,
dehulled and ground with 750ml of treated water in a Q-link auto-
clean blender. The resulting slurry was filtered through a muslin cloth
and the extract (milk) obtained was boiled for 15min. The flow chart
for soymilk extract (SME) production is shown in (Figure 2).

| Fresh Tigernuts

Sorting and washing

Grinding/ milling

Extracting/ sieving

Pasteurizing (72°C for 15s)

Homogenizing

Bottling

Cooling

|Tigernut milk|

Figure 1: Flow chart for Tigernut milk extract (TME) production.

[Sovbean seeds |

Sorting and washin
Soaking (18h)
Blanchini (for 5min)
Draining
Dehulling
Grinding / milling
Diluting with water (1:3)
Sieving/ filtering
Boiling (for 15min)

Cooling

Soymilk |

Figure 2: Flow chart for soy milk extract (SME) production.
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Tigernut-Soy milk extract (TSME) preparation: Tigernut milk
extract (TME) and soymilk extract (SME) were mixed at varying
proportions (TM:SM); 100:0, 90:10, 80:20, 70:30, 60:40 and 50:50
to obtain the final product (TSME). This was done using a food
blender operated at full speed for 10min. The resulting blends were
homogenized using improvised equipment; Q-link auto-clean
blender and pasteurized at 72°C for 15s, hot-filled into sterile bottles
(leaving 1cm head space), cooled to room temperature (28+2°C) and
then stored in a refrigerator at 4°C until analyzed. The flow chart for
tigernut-soymilk extract production is shown in (Figure 3).

The samples were duplicated, one portion stored at 4°C and the
other stored at 28+2°C for 14days. A ten-fold serial dilution was done
for the microbial analysis.

Microbial Analysis

Preparation of Diluent and Media: Diluent (peptone water) and
media (Nutrient Agar, MacConkey Agar and Potato Dextrose Agar)
were prepared according to manufacturer’s specification [17].

Microbiological Analysis of Samples: One milliliter (1ml) of each
sample was serially transferred into nine milliliters (9ml) of the sterile
diluent (peptone water) with a sterile pipette and shaken vigorously.
Serial dilution was continued until 10° dilution was obtained [17-19].

Aliquot portion (0.1ml) of the 10° and 10° dilutions were
inoculated onto freshly prepared, surface-dried nutrient agar (NA)
and MacConkey agar (MCA) respectively. The same quantity (0.1ml)
of the 10* dilution was inoculated onto potato dextrose agar (PDA).
The inoculi were spread with a sterile (hockey stick-like) glass spreader
to obtain even distribution of isolates after incubation. Nutrient agar
and MacConkey agar plates were incubated for 24-48h at 37°C, while
potato dextrose agar plate was incubated at ambient temperature
(28+ 02°C) for 3-5 days [17].

Enumeration of Microbial Population: Total plate counts for the
nutrient and MacConkey Agar were done by counting colonies at the
reverse side of the culture plates. Total colony count was expressed in
colony forming units per millilitre (cfu/ml) (Harrigan and McCance,
1990). Plate counts for PDA plates was done using colony counter for
the yeasts and hand lens for moulds [18].

Characterization and identification of Microbial Isolates:
Microbial isolates (bacteria, yeasts and moulds) were characterized
based on colonial, microscopic and biochemical characteristics to
know the genera using the method as described by [17,18]. Thus, the
identities of the isolates were determined using a reference manual
by [20-22].

Results and Discussion

Microbial Status and Effect of Storage on the Microbiological
Quality of TSME: A total of 7 different genera of microorganisms
were isolated from the milk extract samples as shown in (Table 1).
These included Bacillus spp, Staphylococcus aureus, Saccharomyces
spp, Penicillium spp, Aspergillus flavus, Mucor spp and Rhizopus spp.

All ambient-stored milk samples had high numbers of micro-
flora in them with cfu/ml ranging from 1.0 x 10> to 2.69 x10*. Results
of total counts indicated that according to the current guidelines for
microbiological quality of milk and dairy products (FAO/WHO,

Tigernut milk

Soymilk

Mixing/ blending

Homogenizing
A\
Pasteurizing (72°C for 15s)

Y
Hot-filling

Coo‘ing (28£2°C)

| Tigernut-soy milk extract|

Figure 3: Flow chart for the production of Tigernut-Soy Milk Extract..

2002a,b), only the refrigerated samples were satisfactory.

A wide variety of microorganisms, some of which can bring about
the spoilage of the milk samples on prolonged and/ or unprotected
storage (e.g., Staphylococcus aureus, Bacillus spp, Penicillium spp, and
Aspergillus flavus) were isolated from the samples which could be due
to the source of the raw materials (purchased from the open market
under conditions that allow the organisms in/on them to thrive). The
exteriors of harvested grains, legumes, nuts and other food substrates
retain some of the natural micro flora they had while growing on
the field in addition to contamination from soil, insects, and other
sources [23].

Processing (pasteurization) removed some of the microorganisms
but then, there was a possibility of re-contamination during packaging
and handling. Microorganisms were also detected in samples stored
at 4°C. It was very significant to note that spore-forming bacteria
(Bacillus) and moulds were found associated with the milk samples
on storage. Bacteria re-contaminating pasteurized milk originate
primarily from water and air in the filling equipment or immediate
surroundings and can be resident for prolonged periods of time [24].

Bacillus are spore-forming bacteria that are commonly found in
soil, water (through soil-water contamination) and on vegetables [23].
The presence of these bacteria and moulds in food samples in this
work may be unavoidable because the spores of some strains of these
organisms are resistant to pasteurization temperature. Furthermore,
the oxygen level during processing may be sufficiently low to permit
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Table 1: Distribution of micro-flora isolated from tigernut-soy milk extract (TSME)
during storage.

Bacillus subtilis Refrigerated + |+ + + + |+

Ambient-stored + | + + + + |+

Bacillus cereus Refrigerated - - - - . -
Ambient-stored + + - + + +

Staphylococcus aureus Refrigerated - - - -+ 4+
Ambient-stored + - + o+ o+ o+

Penicillium notatum Refrigerated - - R
Ambient-stored - - + - R +

Aspergillus flavus Refrigerated - + + - - -
Ambient-stored - - + - - -

Rhizopus spp Refrigerated + 0+ |+ o+ o+ -

Ambient-stored + |+ + + R -

Saccharomyces spp Refrigerated + |+ + + o+ |+

Ambient-stored + + + + + +

Mucor spp Refrigerated + |+ + - + |+

Ambient-stored + + + + + +

the growth of microbes.

High bacterial and fungal counts may be attributed to the fact that
the samples were held at temperatures lower than 46°C for more than
4 hours. Previous studies had revealed that viable counts on foods
prepared in advance and kept at ambient temperatures (20 to 46°C)
for a long period of time (4 hours or more) reached critical levels
[25,26].

Staphylococcus aureus is a common environmental bacterium
and could have been introduced after processing through cross-
contamination. Staphylococcus aureus is known to produce an enter
otoxin of importance in food-borne illness. The processing utensils
might have been kept on the open table, where they can be readily
contaminated with food-poisoning organisms from raw food and
from environment [27].

The presence of these organisms in the samples at ambient
temperature indicated improper storage condition of foods.

The total coli form counts for refrigerated samples and ambient-
stored samples were carried out. No growth was found on refrigerated
samples. Similarly, no growth was found on ambient-stored samples.
This suggested the absence of coli forms in the samples, thus water
used for production process was portable (not faecally contaminated)

The total heterotrophic bacterial count in (Tables 2a and 2b)
showed that bacterial growth was highest in F, (2.62x10* cfu/ml) and
lowest in D, (1.4x10° cfu/ml) for refrigerated samples at zero day, was
highest in F (2.8x10* cfu/ml) and lowest in C, (1.21x10* cfu/ml) for
refrigerated samples at 7" day and was highest in C_ (7.2x10° cfu/ml)
and lowest in C, (1.74x10” cfu/ml) in refrigerated samples at 14" day.
No growths were detected in A, B, and C, at zero day; A, and B, at
7" day and 14" day. The counts in ambient-stored samples ranged

from 1.0x10%to 2.35x10°cfu/ml. This indicated that contamination
existed in the product samples with decreasing tigernut milk
substitution. Soy milk is imitation milk similar in composition with
animal milk. Its rich nutrient and moderate pH makes it an excellent
culture medium for the growth of microorganisms especially bacteria.
Hence, the more the soymilk was available, the higher the bacterial
contamination. Milk products are, however, easily perishable because
contaminating bacteria may multiply rapidly and render it unfit
for human consumption [28]. Bacterial growth was retarded to
some level by refrigeration, although refrigeration was not feasible
throughout due to economic/technical reasons. After zero days, the
level of contamination was critical to the microbiological status of the
ambient-stored milk samples; this could be attributed to the absence
of a chemical preservative to keep the product shelf-stable and the
pH/ temperature of the medium which was favorable to microbial
proliferation.

The total heterotrophic fungal count recorded in (Table 3a and
3b) showed that the mould and yeast contaminants in the samples
ranged from 1.2x10? to 7.8x10%cfu/ml, 1.81x10* to 9.6x10*cfu/ml and
1.71x10%to 9.8x10%cfu/ml for refrigerated samples at zero, 7" and 14"
day respectively while counts for ambient-stored samples at zero, 7%
and 14" day were 1.61x10? to 9.9x10%cfu/ml, 2.7x10? to 9.3x10°cfu/ml
and 1.16x10* to 2.69x10*cfu/ml, respectively.

The level of contamination was not critical to the microbiological

Table 2a: Total heterotrophic bacterial count in cfu/ml of various tigernut-soy milk
extract (TSME) under storage at 4°C.

Storage period (day)
Sample

0 7 14
A, NG NG NG
B, NG NG NG
C, NG 1.21x10? 1.74x10?
D, 1.4x10? 1.76x10? 3.6x102
E. 2.4x10? 2.6%x10? 5.8x10?
F. 2.62x10° 2.8x107 723100

NG = NO GROWTH, Subscript R = Refrigerated; A=100% tigernut milk+0%
soymilk; B=90% tigernut milk+10% soymilk; C= 80% tigernut milk+20% soymilk;
D= 70% tigernut milk+30% soymilk; E= 60% tigernut milk+40% soymilk; F= 50%
tigernut milk+50% soymilk.

Table 2b: Total heterotrophic bacterial count in cfu/ml of various tigernut-soy milk
extract (TSME) under storage at 28+2°C.

Storage period (day)
Sample
0 7 14
A, 1.0x10? 6.1x10? 1.31x10°
B, 2.1x10? 9.6x10? 1.69x10°
C, 4.9x10? 1.28x10° 1.72x10°
D, 6.8x10? 4.9x10°3 2.01x10°
E, 2.8x10? 8.4x10° 2.12x10°
F. 3.04x10° 2.51x10* 2.35x10°

NG = NO GROWTH, Subscript A = Ambient-stored; A=100% tigernut milk+0%
soymilk; B= 90% tigernut milk+10% soymilk; C= 80% tigernut milk+20% soymilk;
D= 70% tigernut milk+30% soymilk; E= 60% tigernut milk+40% soymilk; F= 50%
tigernut milk+50% soymilk.
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Table 3a: Total heterotrophic fungal count in cfu/ml of various tigernut-soy milk
extract (TSME) under storage at 4°C.

Storage period (day)
Sample
0 7 14
Ag 7.8x10? 9.6x10? 9.8x10?
By 7.7x10? 8.3x10? 9.2x10?
Cy 6.9x10? 8.7x10? 8.92x10?
D, 3.17x10? 5.9x10? 6.3x102
E, 1.48x10? 1.68x10? 1.71x10?
Fq 1.21x10? 1.81x10? 1.92x10?

NG = NO GROWTH, Subscript R = Refrigerated; A=100% tigernut milk+0%
soymilk; B=90% tigernut milk+10% soymilk; C= 80% tigernut milk+20% soymilk;
D= 70% tigernut milk+30% soymilk; E= 60% tigernut milk+40% soymilk; F= 50%
tigernut milk+50% soymilk.

Table 3b: Total heterotrophic fungal count in cfu/ml of various tigernut-soy milk
extract (TSME) under storage at 28+2°C.

Storage period (day)
Sample
0 7 14
A, 9.9%x10? 1.16x10° 2.01x10*
B, 9.2x10? 9.6x10° 1.21x10*
C, 7.2x10? 8.1x10? 1.96x10*
D, 4.2x10? 1.26x10° 2.41x10*
E, 2.6x10? 1.01x10° 1.16x10*
F, 1.61x10? 2.7x10? 2.69x10*

NG = NO GROWTH, Subscript A = Ambient-stored; A=100% tigernut milk+0%
soymilk; B= 90% tigernut milk+10% soymilk; C= 80% tigernut milk+20% soymilk;
D= 70% tigernut milk+30% soymilk; E= 60% tigernut milk+40% soymilk; F= 50%
tigernut milk+50% soymilk.

status of the refrigerated milk samples after production. Presence
of yeasts in the tigernut milk was expected as yeasts are inherent in
tigernuts, although the level of yeast cells (cfu/g) in the raw material
was not determined.

The presence of these microbes may not be harmful to consumers
as some of them assist in the enzymatic breakdown of food and some
synthesize useful vitamins, but on prolonged storage these microbes
can bring about the microbial spoilage of the beverage. [29] had
earlier documented that Bacillus aureus is among the microorganisms
responsible for the spoilage of tofu (a soymilk product). This also is
in agreement with the report of [30] who noted that non-pathogenic
genera of microorganisms such as Streptococcus, Lactobacillus and
Bacillus aureus survived pasteurization and eventually spoilt milk
product.

The levels of microbes present, generally, were below the limit
of acceptance which is 2.0 x 10° cfu/ml for dairy milk by Codex
Alimentations Commission [31,32].

Conclusion

The microbial status of the samples after storage revealed that
the different storage conditions (refrigeration and ambient-storage)
affected the quality of beverages differently; suggesting that the
beverage should be consumed immediately after processing as no

chemical preservative was added or kept at temperature (refrigeration-
4°C) that will rather extend the shelf-life or improve storage stability
considering its composition and to avoid food borne-illnesses when
consumed by the masses.

Recommendation

It will be necessary, however, to determine the effects of storage
in different packaging materials at refrigeration and ambient
temperatures on the microbiological status of tigernut-soy milk
extract to ascertain its shelf-life. It is also suggested that tigernut-soy
milk extract should not be kept at ambient temperature soon after
processing.
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