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Abstract

Background and Objective: Milk agar is recommended for enumeration of microorganisms
in dairy products. Most of the commonly used media are imported to Nigeria and hence
available in-house substitutes are necessary. In this study, microbial growth enhancement values
of compounded milk agar were compared to imported milk agar using two milk brands.
Dawadawa (fermented locust beans), yeast powder and peptone in the proportions of 1: 3: 5,
respectively, were used as nutrient sources.

Material and Methods: Growth enhancement values of the compounded media were assessed
on three bacterial species of Staphylococcus aureus, Escherichia coli and Lactobacillus
plantarum. Furthermore, imported milk agar served as the control.

Results and Conclusion: Significant differences were seen in nutritional contents of the
compounded milk agar and imported milk agar as well as the elemental compositions of
compounded milk agar and imported milk agar. No significant differences were seen between
the total viable counts of Staphylococcus aureus and Lactobacillus plantarum on compounded
milk agar and imported milk agar. However, significant differences were reported in the total
viable counts of Escherichia coli on compounded milk agar and imported milk agar. Media
containing Cowbell milk powder recorded the highest total viable counts (1.3 x 10°, 1.8 x 10°
and 2.0 x 10® CFU ml?) for Staphylococcus aureus, Escherichia coli and Lactobacillus
plantarum, respectively. In conclusion, the Cowbell milk powder in combination with yeast
extract and peptone is the best milk of choice for compounding milk agar when using local
resources.
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1. Introduction

Milk is a rich source of macro and micronutrients [1].
Milk can be classified based on the types of treatment they
undergo, which include raw milk (unpasteurized), market
milk (pasteurized fluid milk), dried milk powder and
concentrated milk such as unsweetened condensed and
sweetened condensed milks [2]. Milk provides a suitable
source of energy and high quality protein including a
number of essential micronutrients like zinc, potassium,
magnesium, calcium and phosphorus [3]. Thus, it can serve
as a suitable growth medium for microorganisms.

Milk composition and microbial load are essential
factors that must be considered in assessing quality of milks
because these factors affect processing of milks and their

nutritional quality and safety [4]. Powdered milk supports
growth of bacteria, including Staphylococcus (S.) aureus;
Enterococcus, Micrococcus, Streptococcus, Bacillus and
Clostridium spp. as well as several other microorganisms
[5]. Other common contaminants in milk and milk products
include Escherichia (E.) coli and Lactobacillus spp. [6].
Bacterial growth in milk media is enhanced under
conditions such as adequate water activity, favorable pH and
adequate temperature [7].

The major bacteriological medium used in routine
assays for the quality assessment of dairy products is milk
agar. Various types of milk media include peptonized milk,
litmus milk media, skim milk powder and milk agar. As
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stated in the Product Catalog of the Becton Dickinson
Diagnostics Systems, International Dairy Federation and
British Standards Institute have published recommendations
for the use of milk agar in microbial analysis of dried milk,
liquid milk, whey and ice cream and whey. For Oxoid milk
agar, constituents include yeast extract (3 g), peptone (5 g),
milk solids (1 g) and agar (15 g) as specified in Oxoid
Manual. Yeast extract and peptone provide essential
nutrients while agar is a solidifying agent. Culture media
include various compositions to provide growth require-
ments of certain culture species [8]. Complex media usually
include components such as yeast extract, meat extract and
peptone. Most of the media currently used in laboratories
are imported and thus there is a need to use local substitutes
that are abundant and available for the development of
appropriate economic media in developing countries [9].
Presently, imported milk media such as milk agar (500 g)
costs nearly $ 200 on the average with no trans-
portation/shipment costs. Thus, it is necessary to substitute
compounds with similar results since milk media are
expensive and not easily available. Therefore, this study
assessed growth of common contaminants of dairy products,
including S. aureus, E. coli and Lactobacillus spp. on
compounded milk agar (CMA) using popular milk brands
and readily available cheap protein substitutes indepen-
dently and wholly, compared to nutritional and microbial
growth enhancement qualities of imported milk agar (IMA).

2. Materials and Methods

2.1 Samples

Two commonly consumed brands of powdered milk in
Nigeria were chosen for the study based on the consumer
preference using questionnaires by a group of randomly
selected panelists. Milk brands included ‘Peak’ and ‘Cow-
bell.” Fermented locust beans of dawadawa were purchased
from the open market. In contrast, edible yeast powder was
purchased from a pharmaceutical store (Westgate Lifecare
Pharmacy, Nigeria).

2.2 Preparation of various substitutes used in formu-
lation of milk agar

Fermented locust bean condiment was dried at 40 °C for
24 h and blended into fine powder. The Oxoid LP0037 Bac-
teriological Peptone (Oxoid, Hampshire, UK) and Oxoid
LP0021 Yeast Extract (Oxoid, Hampshire, UK) were used
for the formulation of milk agar.

2.3 Preparation of imported milk agar and compounded
milk agar

The IMA was prepared as positive control based on the
manufacturer’s instructions. Milk media were compounded
using the two brands of milk as follows: 1 g of each milk
brand was added separately to 3 g of yeast extract, 5 g of
peptone and 15 g of agar and dissolved in 1 litre of distilled
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water (DW). The solution was boiled to dissolve fully and
sterilized by autoclaving at 121 °C for 15 min. It was then
cooled to 45 °C before pouring into sterile Petri dishes.
Other formulations were made following a similar proce-
dure, using 3 g of edible yeast powder and 5 g of dawadawa
as a substitute for yeast extract and peptone, respectively.

2.4 Collection of microorganisms

Briefly, S. aureus (ATCC 6538), E. coli (ATCC 25922)
and Lactobacillus (L.) plantarum locally isolated and chara-
cterized with no typing, were provided by the Microbiology
Laboratory, Abubakar Tafawa Balewa University, Bauchi,
Nigeria, and maintained on agar slants at 35 °C. Isolates
were characterized using biochemical tests and API 20E test
systems.

2.5 Proximate analyses of the imported milk agar and
compounded milk agar

Proximate analyses of IMA and CMA were carried out
to assess moisture content, protein, lactose and fat based on
the methods by Association of Official Analytical Chemists
(AOAC) [10].

2.5.1 Assessment of crude protein [10]

Briefly, 2 g of each milk agar was weighed and
transferred to Kjeldahl digestion flasks. Then, 8 g of catalyst
mixture (96% anhydrous sodium sulphate, 3.5% copper
sulphate and 0.5% selenium dioxide) was dissolved in 25 ml
of concentrated sulphuric acid. Flasks were heated gently in
fume cupboard with occasional agitation until the solution
turned clear. Digests were cooled and transferred into 250-
ml volumetric flasks and made up to fixed volumes using
DW. Each diluted digest was purified using distillation
apparatus. The apparatus was washed using steam for nearly
15 min. Then, 5 ml of the boric acid indicator was
transferred into a 100-ml conical flask with the tip of the
condenser dipped into the boric acid indicator. Then, 5 ml
of the digest was pipetted into the distillation tube via small
funnels and mixed with 5 ml of NaOH washed down with
DW. Steam was passed through the apparatus for 5-7 min
and the distillate trapped in boric acid indicator was
collected in conical flasks and titrated using 0.1 ml of hydro-
chloric acid. Crude protein in the sample was calculated by
multiplying the total nitrogen by the empirical factor
according to AOAC [10] as Eq. 1:

0.007 x 6.25 x 100 x titre
Weight of sample used

1 ml of 0.1M =0.0014 g

Crude protein = Eq.1

2.5.2 Assessment of crude fat [10]

A quantity of 2 g of each sample was extracted using
Soxhlet apparatus and dried with anhydrous ether (bp 40-
60). A timble with porosity permitting rapid passage of ether
was used. Extraction period was nearly 4 h at a condensation
rate of 5-6 drops per second. Extract was dried at 100 °C for
30 min and then cooled and weighed.
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2.5.3 Assessment of lactose [10]

Briefly, 10 ml of dilute hydrochloric acid was added to
20 ml of the sample in conical flasks. The solution was
transferred into a 100-ml volumetric flask, made up to a
fixed volume using DW, and then titrated against Benedict’s
reagent.

2.5.4 Assessment of moisture [10]

Metal dishes and their covers were heated at 105 °C for
15 min using an oven and cooled using a desiccator. Then,
dishes and covers were weighed. Briefly, 5 g of the sample
was transferred to a dish and weight of the sample, dish and
cover was recorded. Sample with the dish and cover were
heated at 105 °C for 1.5 h using an oven. A cover was placed
on the dish, cooled in desiccator and weighed at room
temperature. Then, dish and sample were reheated for 30
min and weighed after cooling. This process was repeated
continuously until a constant weight was achieved.

2.6 Elemental analyses of the imported milk agar and
compounded milk agar

Elemental analyses were carried out based on the
method by the Association of Official Analytical Chemists
(AOAC) [10] to assess essential minerals such as Na, K, Mg
and Ca as well as trace minerals such as S, P, Mn and Fe.

2.7 Assessment of pH
The pH values of IMA and CMA were assessed using
pH meter (Eutech Instrument, Singapore).

2.8 Enumeration of bacteria

Viable colonies of S. aureus, E. coli and L. plantarum
isolates were homogenized separately in normal saline.
Serial dilutions were carried out; after which, 1 ml of 10
dilution of each bacterium was inoculated separately in IMA
and CMA in duplicates. The plates were incubated at 35 °C
for 18-24 h, aerobically. At the end of a 24-h incubation,
bacterial growth from various milk media was recorded as
colony-forming units (CFU ml?). For L. plantarum, plates
were incubated anaerobically at 35 °C for 24 h.

2.9 Statistical analysis

Independent T-test was used to compare the mean count
data for the microbial isolates on IMA and CMA as well as
proximate and elemental analyses of the media carried out
in duplicates. Differences were significant at p < 0.05.

3. Results and Discussion

Independent T-test showed no significant differences at
0.05% o-level in moisture content, protein, fat and lactose
contents of CMA and IMA (Table 1). Hence, protein, fat,
moisture and lactose contents were approximately similar in
CMA and IMA. Therefore, nutritional compositions of the
compounded media were sufficient for the microbial
growth. Generally, media containing Cowbell milk seemed
to perform better than those with Peak milk powder. The
percentage dry weight of each bacterial cell is 48% carbon,
12.5% nitrogen, 55% proteins, 9% carbohydrates, 7% lipids
and 6% ash [11]. Nduka [11] also reported that nutrient is
calculated based on the dry weight. For carbohydrates, 1 g
of glucose is required per 0.5 g of dry cells while nitrogen
requires 125 mg per gram of dry cells.

Elemental composition revealed no significant
differences at 0.05% between the levels of ash, sulphur,
phosphorus, sodium, potassium, iron, magnesium, calcium
and manganese for CMA and IMA (Table 2). Hence,
elemental contents were approximately similar for all media
and sufficient for the microbial growth (Table 2). Nduka
[11] reported that minerals and growth factors are usually
added in very small amounts. Microorganisms generally
need ten elements, which must be available in large
quantities for growth (carbon, oxygen, hydrogen, nitrogen,
sulphur, phosphorus, potassium, calcium, magnesium and
iron) [12]. Carbohydrates, proteins, lipids and nucleic acids
are synthesized by the first six elements while the last four
elements serve as cations in cells. In addition to
macroelements, several microelements such as Mn, Zn, Co,
Mo, Ni and Cu as well as growth factors, which comprise of
organic compounds, are important requirements of all
microorganisms for growth [13].

Table 1. Proximate analyses of the imported milk agar and compounded milk agar with various protein sources

Moisture Content (%) Protein Content (%) Ether Extract (%) Ash (%)  Crude fiber (%)  Carbohydrate (%)
PD(1:5) 11.80 13.60 19.20 4.70 2.40 48.30
PDEY(1:5:3) 13.40 15.10 19.50 4.80 2.60 44.80
PYEP(1:3:5) 14.00 16.40 13.60 3.50 1.70 50.80
PEY(1:3) 12.00 12.90 13.10 3.10 1.50 57.40
CD(1:5) 12.10 13.80 18.40 4.70 2.50 48.50
CDEY(1:5:3) 13.20 15.70 19.00 4.70 2.60 44.80
CYEP(1:3:5) 14.30 16.50 13.10 3.30 1.60 51.20
CEY(1:3) 12.20 13.20 12.30 3.00 1.50 52.40
IMA 10.80 11.10 15.70 2.90 0.90 58.60
S.D 1.1447 1.8022 3.0333 0.8428 0.6160 4.8816

CYEP ='Cowbell' milk + Yeast Extract + Peptone; PYEP ='Peak’ milk+ Yeast Extract + Peptone; CDEY="Cowbell' milk + 'Dawadawa’' + Edible Yeast;
PDEY='Peak' milk + 'Dawadawa’ + Edible Yeast; CEY='"Cowbell' milk + Edible Yeast; PEY="Peak' milk + Edible Yeast; CD='"Cowbell' milk +
‘Dawadawa’; PD= ‘Peak’ milk + ‘Dawadawa’; IMA=Imported milk agar; S.D = Standard deviation
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Table 2. Elemental analyses of the imported milk agar and compounded milk agar (mg/100g)

Sample  Ash Sulphur Phosphorus  Sodium  Potassium Iron Magnesium  Calcium Manganese
(S) (P) (Na") (K9 (Fe®)  (Mg*) (Ca*)  (Mn*)
PD 4.7 56 38 105 42 18 48 307 0.01
PDEY 4.8 66 42 115 44 18 52 285 0.01
PYEP 3.5 48 35 95 35 15 44 262 0.00
PEY 3.1 52 38 102 30 16 52 280 0.00
CD 4.7 52 40 102 45 19 50 298 0.01
CDEY 4.7 55 42 105 50 18 52 287 0.01
CYEP 3.3 45 33 101 32 16 45 258 0.00
CEY 3.0 48 36 105 28 15 49 267 0.00
IMA 2.9 42 45 125 36 19 45 255 0.00
S.D 0.85 7.07 3.83 8.824 7.566 1.62 3.25 18.30 0.0053

CYEP= 'Cowbell' milk + Yeast Extract + Peptone; PYEP="Peak' milk + Yeast Extract + Peptone; CDEY='Cowbell' milk + 'Dawadawa’ +
Edible Yeast; PDEY='Peak' milk + 'Dawadawa’' + Edible Yeast; CEY='Cowbell' milk + Edible Yeast; PEY="Peak' milk + Edible Yeast;

PD="Peak' milk + 'Dawadawa’; IMA= Imported milk agar; S.D=Standard deviation

Table 3. PH of the various milk media

With peptone and yeast extract With ‘Dawadawa’

With yeast powder

With ‘Dawadawa’ and Edible Yeast

CMA 6.3 6.9 4.8
PMA 6.2 6.6 5.0

6.5
6.3

IMA = 6.6; CBMA=Cowbell Milk agar; PMA=Peak Milk agar; IMA=Imported milk agar

Milk agar containing yeast and peptone recorded higher
pH values, while milk agar with milk solids recorded lower
pH values (Table 3). The pH of milk media compounded
with dawadawa alone ranged within 6.6-6.9 while pH of the
milk agar formulated with yeast powder alone ranged within
4.8-5.0 (Table 3). The pH of various formulations was
moderately acidic and near alkaline. The mild acidic pH was
favorable for the growth of the bacterial species. Naturally,
most bacteria thrive under mild alkaline conditions. Most
bacteria grow optimally at 37 °C within a narrow pH range
of 6.7-7.5. However, there are exceptions with growth under
acidic and alkaline conditions [14].

Generally, the highest total viable counts (TVC) (7.0 x
10% to 1.3 x 105 CFU ml?) were reported in milk agar
containing Cowbell milk powder. Milk agar containing
Peak milk powder and yeast powder recorded the lowest
viable count for S. aureus, compared to IMA (Table 4). No
significant differences were seen in TVC of S. aureus on
IMA and CMA with yeast powder only and CMA with
dawadawa only (Table 4). Generally, a lower TVC was
achieved in these two combinations, compared to CMA
containing yeast extract and peptone and CMA containing
yeast powder and dawadawa. Therefore, S. aureus demands
a high protein requirement for proper growth. In fact, S.
aureus can grow on complex media in the absence of
carbohydrates [15]. Small colony variants (SCV) chara-
cterized by slow growth rate, decreased toxin production
and altered pattern of utilization are formed by the mutation
of S. aureus [16]. In this study, TVC of S. aureus on IMA
was not significantly different at 0.05% a-level, compared
to that on CMA with combined yeast extract and peptone.
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However, TVC of S. aureus on IMA was significantly
different at 0.05% a-level from that on milk agar with a
combination of yeast powder and dawadawa as well as
dawadawa alone. Thus, edible yeast powder and dawadawa
might not adequately substitute yeast extract and peptone in
growth requirement of S. aureus.

Similarly, milk agar containing Cowbell milk powder
recorded the highest TVC (1.0 x 10° to 1.8 x 106 CFU mlY)
while agar containing Peak milk powder recorded the lowest
TVC for E. coli. Milk agar formulations containing Cowbell
milk powder recorded a higher TVC (Table 4). Significant
differences were seen at 0.05% a-level in TVC of E. coli on
IMA and CMA containing Cowbell, yeast extract and
peptone (Table 4). Certainly, E. coli grows rapidly and
requires simple nutrients, especially carbon, which is
supplied by glucose in growth media [17]. Furthermore,
glucose is metabolized to smaller molecules (e.g. carbon
dioxide, acetic acid or ethanol), which generates ATPs
needed for energy-requiring activities of the cells [17].
Media containing Cowbell, yeast extract and peptone could
be metabolized faster than the other media, making carbon
dioxide, acetic acid and ethanol readily available to generate
ATPs needed by E. coli. Previous reports have verified that
E. coli survives with no growth factors and can synthesize
amino acids, pyrimidines, purines and vitamins, where
carbon serves as the starting point for its intermediary
metabolism [14]. A similar trend was seen for cultures with
L. plantarum; where, milk agar containing Cowbell milk
powder recorded the highest TVC (2.0 x 10%to 2.0 x 10°
CFU mlt), compared to those containing Peak milk powder
(Table 4).

Appl Food Biotechnol, Vol. 8, No. 1 (2021)
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Table 4. Total viable counts of Staphylococcus aureus, Escherichia coli and Lactobacillus plantarum in various milk media with various

protein constituents after 24-h incubation at 35 °C (CFU ml?)

Bacteria
Milk agar with different protein constituents  Staphylococcus aureus Escherichia coli Lactobacillus plantarum
CMA PMA CMA PMA CMA PMA
With yeast extract and peptone 1.3 x 10° 6.4 x 104 1.8 x 108 1.2 x 108 2.0x10% 4.0 x10°
With yeast extract and dawadawa 8.3 x 104 4.0 x 104 1.3 x 108 1.2 x 108 2.0x10° 1.0x10°
With yeast powder only 7.0 x 108 1.0 x 10 1.2 x 108 1.1 x 108 50x105 3.0x10°
With Dawadawa only 4.4 x 104 3.1x104 1.0 x 108 1.1 x 108 3.0x10° 1.0x10°
IMA=1.0x10°5CFUmI? IMA=1.2 x 10® CFU ml IMA = 2.3 x 108 CFU mI*!

CBMA=Cowbell Milk agar; PMA=Peak Milk agar; IMA=Imported milk agar

The TVC of L. plantarum on IMA was not significantly
different at 0.05% a-level from that on CMA with a
combination of Cowbell milk powder, yeast extract and
peptone (CYEP). However, TVC of L. plantarum on IMA
was significantly different at 0.05% a-level from that on
milk agar with all remaining combinations. The higher TVC
of L. plantarum on IMA showed that yeast extract and
peptone were needed for the maximum growth of L.
plantarum. The IMA supported growth of L. plantarum
after 24 h as well as other locally compounded formulations
when incubated anaerobically. The L. plantarum needs a
high quantity of protein for adequate growth. This protein
was available in Cowbell milk powder, yeast extract and
peptone used for compounding the milk agar. Lactobacillus
spp. needs amino acids, pyrimidines, purines and vitamins
as part of the requirements for growth [18]. Bacteria may
need specific nutrients and chemical requirements for their
growth [19].

Bacteria showed irregular-shaped colonies on CMA
while regular colonies with smooth edges were achieved on
IMA. Furthermore, E. coli showed large irregular-shaped
colonies on CMA while small regular-shaped colonies with
smooth edges were achieved on IMA. Moreover, L.
plantarum included similar characteristics on all CMA as
well as IMA (Table 5). Morphological characteristics of S.
aureus, E. coli and L. plantarum on various CMA and IMA
were quite similar. Thus, cultural characteristics of various
bacteria did not alter on CMA and IMA. Despite similar
morphological characteristics of various bacteria on
compounded and imported media, milk agar prepared with
Cowbell milk powder showed better bacterial growth,
compared to that prepared with Peak milk powder.
Enhanced bacterial growth on media compounded with
Cowbell milk could occur as a result of the presence of soy
lecithin, which was present in Cowbell milk powder as
reflected on the milk sachet. A recent study has verified that
lecithin in the oil phase is responsible for the stability of
milk powder [20].
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Table 5. Morphological characteristics of Staphylococcus aureus,
Escherichia coli and Lactobacillus plantarum in all compounded
milk media of Cowbell and Peak

Bacteria
Features Staphylococcus  Escherichia  Lactobacillus
aureus coli plantarum
Shape Irregular Irregular Circular
Size Big Big Small
Color Milky Cream Cream
Elevation Flat Raised Raised
Edges Serrated Rough Smooth
Surface Dry/Rough Wet Shiny
Pigmentation - - -
Margin Entire Not entire Entire

4. Conclusion

This study has shown that compounded media
formulated with Cowbell better support microbial growth,
compared to those formulated with Peak milk. It is generally
believed that Cowbell milk contains soy fats (lecithin),
which serves as a rich source of nutrient for the microbial
growth and improves stability of the Cowbell milk powder.
Overall, nutritional facts of the two milk brands have been
satisfactory. Elemental and proximate analyses have
revealed that composition of CMA is similar to that of IMA,
thus, serving as a veritable means of maximizing IMA costs.
Dairy products can routinely be assessed for their
microbiological quality using locally CMA made from
commercial brands of milk and locally available cost-
effective resources.
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