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Abstract
The aim of this work was to analyse total bacteria, coliform, and fungi loads in Bamenda locally produced yogurt from
the day of production to the expiry date. Nine yogurt samples were collected each in three batches, and from three
different local producers. Three samples per batch were analysed the first day, three within the mid shelflife, and three
the last day. Initial total living bacteria load varied from 5.44  0.10 log(cfu/mL) to 6.50  0.10 log(cfu/mL). For each
producer, this load fluctuated with time. coliforms load was between 2.47  0.11 log(cfu/mL) to 3.93  0.10 log
(cfu/mL). This load was more than the regulatory value. However, in some batches, some samples had coliforms load
within the regulatory value. This load reduced during storage to fall less than 10 2 cfu/ml and even 0 in two batches. The
initial fungal load was high (5.53  0.10 to 6.37  0.10 log(cfu/mL)) and remained high throughout the shelflife. The
contamination was not systemic: Some yogurts locally produced in Bamenda should be recommended for consumption.
However, it is not good for children. There is a need to continue training local producers for an improved microbial
quality of locally made yogurt.
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Some dairy farmers of the Mezam Division in
the North-West Region of Cameroon have been
trained by researchers of the Food Technology
and Post Harvest Laboratory (FTPHL) of the
Institute of Agricultural Research for
Development-IARD Bambui (Nchinda et al.,
2008). Technologies in milk collection,
pasteurization, and yogurt making were
extended to small-scale farmers and other milk
processors within the ecological zone during
that working period (Nchinda et al., 2008;
Nchinda & Mendi, 2008). However, the quality
of yogurt being produced differs from one
producer to another (Lamye et al., 2017;
Maïwore et al., 2018).
Yogurt is produced by the controlled
fermentation of milk by two species of
bacteria; Lactobacillus debruski subsp.
bulgaricus and Streptococcus thermophilus that
have now been established as the yogurt

INTRODUCTION
Yogurt is a fermented diary product produced
by lactic fermentation of milk and is one of the
most popularly fermented dairy products
consumed throughout the world. In Africa and
especially Cameroon, the presence of a
traditional yogurt called Kossam (Darman et
al., 2013), and traditional dishes like Dakere
(Essomba et al., 2002), with Kossam as main
part, is an evidence of acceptation of yogurt
and milk product since millenaries (Rul, 2017).
Since 1930s cow crossbreeds are being
introduced in Cameroon (Tambi, 1991; Djoko
et al., 2003), leading to increase in milk
production and transformation into yogurt
(Tambi, 1991) with more and more peasants
and corporation groups getting in yogurt
production, which could represent a source of
income and contribute to improve the welfare
of dairy farmers.
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starters or yogurt cultures and should be found
viable in yogurt. In order to respect this
necessity, yogurt is not sterilised at the end of
the process. Therefore, during yogurt making,
the respect of good hygienic procedure (GHP)
and good manufacturing procedure (GMP) is
very important to produce safe yogurt which is
not harmfull to the consumer and free from
contaminant microrganisms such as Gramnegative psychrotrophs, coliforms, some lactic
acid bacteria, and fungi (Marshall, 2001;
Maïwore et al., 2018). In addition, various
bacteria of public health concern such as
Salmonella spp., Listeria monocytogenes,
Campylobacter jejuni, Yersinia enterocolitica,
pathogenic strains of Escherichia coli and
enterotoxigenic strains of Staphylococcus
aureus may also be found in milk and dairy
products (Marshall, 2001). Therefore, a lot of
interest
have
been
placed
on
the
microbiological examination of milk and dairy
foods like yogurt.
Yogurt has been continually studied for its
improvement and health benefits in particular.
However continuous research needs to be done
because it is a product whose outcome is
dependent on many other factors including its
initial microbial load, packaging and
transporting parameters, its storage temperature
and shelflife (Marshall, 2001). Alterations in
these factors leads to significant effects on the
product and its shelflife. Food is best consumed
before its expiry date, and for yogurt this date
also depends on the way retailers and
consumers managed the product (Marshall,
2001; Ledenbach & Marshall, 2009). The need
for norms in its production remains then
indispensable. Traditionally, yogurt can be
stored for up to four weeks. With more
peasants and corperation groups getting in
yogurt production in Cameroon and especially
in Bamenda, it is important to carry out a
research on the microbial evolution of yogurt
with time to ascertain these locally made
yogurt quality throughout its shelflife (Rul,
2017).
The aim of this study is to assess the
microbiological quality of yoghurt produced in
Bamenda and how it evolves to the end of

Available on-line at www.afst.valahia.ro

shelflife set by the producer. This, by following
the dynamism of the total bacteria count,
coliforms counts as well as total fungal counts.
METHODS
Sample purchase and sampling
Plain yogurt samples were collected from three
producers (Mb, Qu, Sb) from three
subdivisions of the Mezam Division in the
North West region of Cameroon.
From each producer, three different batches of
the yogurt were sampled (A, B, C). In each of
these three batches, nine 1L yogurt bottles were
purchased for analyses. Three samples of each
of the batches were cultured on the first day of
its shelflife, three at middle of shelflife and
three at the end of shelflife. These samples
were labelled and transported in a cooler under
aseptic conditions to Bambili and were kept in
a refrigerator at 4°C containing yogurts for
sale.
Preparation and sterilization of materials
0.1% peptone (BR 52, 100 tablets, Oxoid;
England) water solution was used as solvent
for dilution (Shen & Zhang, 2017). Nutrient
agar (NA) (Lifesave Biotech, San-Diego, USA)
was used for total plate counts; Sabouraud
dextrose agar (SDA) (Lifesave Biotech, SanDiego, USA) for the culture of fungi; and
MacConkey agar (MCA) (Lifesave Biotech,
San-Diego, USA) to evaluate coliforms present
in the yogurt samples. Each culture media was
prepared according to the manufacturer’s
procedure (Jay, 2000; Nisha, 2013; Ray &
Bhunia, 2014; Nisha, 2015; Tankeshwar,
2016), and then all material was sterilized. Petri
dishes in a dry oven at about 140°C for 24 h;
working area cleaned with bleach, and swabbed
with 70° alcohol (Jay, 2000; Ledenbach &
Marshall, 2009; Ray & Bhunia, 2014; Lamye
et al., 2017); and micropipette tips, prepared
media, peptone solution autoclaved at 121°C
for 15 min (Tankeshwar, 2016). After
autoclaving, the media were removed and
placed in a water bath at 45°C.
Culture and enumeration of total plate
count, coliforms and fungi
Then pour plate method was used for culturing.
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For total bacterial plate count, 1 mL of a 10-5
and one of a 10-4 dilutions were measured using
micropipette and put into the different Petri
dishes. 15 mL of NA media was poured into
the corresponding plates, gradually swirled to
mix and allowed to solidify. Then the plates
were inverted and incubated at 37°C for 24 h
(Nisha, 2013).
For coliforms evaluation, 10-1 and 10-2 dilutions
were plated the same way using MCA. Then
the plates were inverted and incubated at 37°C
for 24 h (Nisha, 2015).
For fungi count, 10-3 and 10-4 were equally
plated the same way using SDA. Thereafter the
plates were not inverted as others and
incubated at room temperature for 5 days
(Tankeshwar, 2016). From the mid shelflife,
10-4 and 10-5 were used for fungi evalauation.
All the plates were in duplicates, however there
were three control plates.
After incubation, the colonies were enumerated
on an electric lit Gallenkamp colony counter by
counting the discrete colony-forming units
(CFUs) per plate and the results recorded.
Data analysis
The number of colonies, dilution, batches,
samples, media, days, were recorded in an
excel sheet. Then the colony forming unit
(CFU) were calculated as 𝑐𝑓𝑢⁄𝑚𝐿 =
𝑐𝑓𝑢⁄𝑝𝑙𝑎𝑡𝑒 × 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟.
Correction
(greater colonies per plate) were made as a
Log10 transformation (Rul, 2017). Afterwards,
ANOVA was made to compare means that
were separated by Duncan at a confidence level
of 5% using StatGraphic 11.0 software

(Statgraphics, 2014). Figures were drawn with
Excel and data were presented as meanSE.
RESULTS AND DISCUSSION
General microbial load
The total viable bacteria count varied with
producers, and samples from the producer Sb
had the highest total bacteria count (6.500.10
log (cfu/mL)), while those from producer Mb
had the lowest (5.440.10 log (cfu/mL))
(F=31.68, p=0.0000). Same observations were
made for coliforms load and samples from
producer Sb had the highest coliforms load
(3.930.10 log (cfu/mL)), while those from
producers Mb and Qu had the lowest
(F=54.13, p=0.0000). For fungi, samples from
the producer Qu had the lowest load (5.530.10
log (cfu/mL)), and there was no statistical
significant difference between the loads from
Mb and those from Sb (F= 18.28, p=0.0000)
(Table 1).
In the same column, value followed by the
same letter are not significantly different
(=0.05).
Microbial variation per batch and time for
each producer
Three batches from two producers had bacterial
load less than 106 cfu/mL. In addition, few
variations in total bacteria count was observed
with time within each batch. These variations
were not the same in the batches, even from the
same producer (Figure 1).

Table 1: Overall batches and time microbial qualityof yogurt per producer

Log (cfu/mL)
Producer code
Bacteria

Coliforms

Fungi

Mb

5.4410a

2.470.11a

6.370.10 b

Qu

6.110.10 b

2.870.09 b

5.530.10a

Sb

6.500.10c

3.930.10 c

6.110.12 b

F (p)

31.68 (0.0000)

54.13 (0.0000)

18.28 (0.0000)

Available on-line at www.afst.valahia.ro

138

Volume 21, Issue 1, 2020

Annals. Food Science and Technology
2020

D ay 1
D a y m id s h e lf life

L o g (c f u / m L )

8

D a y e n d s h e lf life

6

4

2

0
A Mb

B Mb

C Mb

A Qu

B Qu

C Qu

A Sb

B Sb

C Sb

M e a n

B a tc h p e r p r o d u c e r

Figure 1: Total bacterial plate count of yogurt variation with producer, batch, and time.

AMb: batch A of the producer Mb; BMb: batch B of the producer Mb; CMb: batch C of the
producer Mb; AQu: batch A of the producer Qu; BQu: batch B of the producer Qu; CQu: batch C of
the producer Qu; ASb: batch A of the producer Sb; BSb: batch B of the producer Sb; CSb: batch C
of the producer Sb.
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Figure 2: coliforms load of yogurt variation with producer, batch, and time.

AMb: batch A of the producer Mb; BMb: batch B of the producer Mb; CMb: batch C of the
producer Mb; AQu: batch A of the producer Qu; BQu: batch B of the producer Qu; CQu: batch C of
the producer Qu; ASb: batch A of the producer Sb; BSb: batch B of the producer Sb; CSb: batch C
of the producer Sb.
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Figure 3: Fungi load of yogurt variation with producer, batch, and time.

AMb: batch A of the producer Mb; BMb: batch B of the producer Mb; CMb: batch C of the
producer Mb; AQu: batch A of the producer Qu; BQu: batch B of the producer Qu; CQu: batch C of
the producer Qu; ASb: batch A of the producer Sb; BSb: batch B of the producer Sb; CSb: batch C
of the producer Sb.
The initial coliforms loads were more than 102
108/g in non-frozen yogurt but more than the
cfu/mL. In the batches from producer Mb and
4.70 (log cfu/g) accepted in most of the states
in a batch from producer Qu, these loads
in USA (Marshall, 2001). However, the loads
reduced with time. Reduction that brought the
we found were less than those obtained in
coliforms loads to less than 102, and even less
yogurt samples collected from producers in
than 10 cfu/mL. For the other batches, it
Bamenda from 2012 to 2013 (Lamye et al.,
reduced before increasing (Figure 2). For two
2017). Therefore, our yogurt may not have
producers (Mb and Qu) at least a sample in a
completed fermentation (Utpal et al., 2015),
batch had the initial coliforms load less than
and may need adjustment in quantity of stater
102 cfu/mL (Figure 2). On the last day, a batch
culture used, temperature, or time of
from producer Mb, and another one from
incubation. This total plate count was not
producer Sb had a null coliforms load that is
different from the 6.1 x 105 cfu/mL found in
illustrated by the absence of coliforms the last
Onitsha Metropolis, Anambra State, Southday of the shelflife (Figure 2).
Eastern Nigeria (Ifeanyi et al., 2013), and the
0.57x104 and 1.72x106 cfu/mL found in
The initial fungi loads were at least 4.970.69
fermented milk from Maroua (Maïwore et al.,
cfu/mL (BQu’s log10 value). Moreover, in
2018). The difference with the result obtained
exception of the third batch from the producer
by Lamye and collaborators (2017) can be
Qu, these loads varied in a non statistically
4
attributed to the fact that they worked with
significant way but remained more than 10
samples from producers different from those
(Figure 3).
we worked with. The similitude with samples
from Maroua and Nigeria can attest that local
CONCLUSION
producers may be producing in almost the
The initial microbial load (5.440.10 to 0.10
7
same manner.
log(cfu/mL)) was less than the expected 10
The coliforms load was high as compare to the
cfu/g as recommended by the Codex
regulatory 10 cfu/g (Rul, 2017), and within the
Alimentarius entry for fermented milk
0.000.00 to 5.76 ±0.76 x 104cfu/mL found in
(CODEX-STAN-243-2003, 2011) and the
Available on-line at www.afst.valahia.ro
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fermented milk from Maroua (Maïwore et al.,
2018), not different from those found in
homemaid yogurt samples in Bamenda in 2012
and 2013 (Lamye et al., 2017). However, no
initial coliforms load was high as the 4.4 x 105
cfu/mL found in yogurt samples in Nigeria
(Ifeanyi et al., 2013). The initial coliforms load
variation was similar to the variation found in
Maroua (Maïwore et al., 2018) and in Nigeria
(Ifeanyi et al., 2013). Since coliforms bacteria
belong to the larger group of gram negative
asporogenous facultatively anaerobic glucosefermenting
bacteria
of
the
family
Enterobacteriaceae, and that all of which are
killed by pasteurization (Rul, 2017), the
presence of coliforms in all the batches is an
evidence of nonrespect of good manufacturing
or of good hygienic practices. Therefore, we
suspected a poor pasteurisation procedure,
starter contamination, or postpasteurisation
contamination.
The
postpasteurisation
procedure can be at the level of adding sugar or
packaging. All what is added after
pasteurisation should be kept in an asceptic
way. Fortunately, the fact that some samples in
some batches had coliforms load less than the
regulatory one, and that there was a wide intrabatch variation, this contamination was not
systemic: some good samples are produced in
Bamenda. However, there is a need to improve
in others. The reduction of coliforms load
during storage has also been also noticed in
yogurt samples from Nigeria (Ifeanyi et al.,
2013), and can be because yogurt pH is not
friendly to coliforms. Therefore, it may be
preferable to conserve locally produced yogurt
for about 2/3 the shelflife before consumption.
However, it will not be adviceable to give it to
infants.
Fungal load was high throughout the shelflife.
In a batch, it was even so high that isolated
colonies were not observed. No sample with no
fungi was found as in some fermented milk
products made in Maroua (Maïwore et al.,
2018). This fungal load was similar to those
observed in Nigeria (Ifeanyi et al., 2013).
However, the variation with time was not as
pronounced as found in Onitsha Metropolis,
Anambra State, South-Eastern Nigeria (Ifeanyi

Available on-line at www.afst.valahia.ro

et al., 2013). Of the 61 yeast species found on
milk and dairy products, 21 were presents on
yogurt whereas nine of about 89 species of
mould were also present on yogurt, with much
present on raw milk (Garner et al., 2017).
Intoxication due to fungi in yogurt have neen
reported (Lee et al., 2014). Since there was also
a high initial coliforms load, the high fungi
load in our locally made yogurts can be due to
raw milk contamination, contamination of
former yogurt used as ferment, or wing that can
cary spores into the process chamber. This can
induce production of mycotoxin, off-odour and
flavour (Garner et al., 2017). There is a need to
control animal feeds, raw milk collection
(Garner et al., 2017), wing getting in the room
where yogurt is being produced and use
biopreservation using antifungal bioprotective
cultures or fermentates (Garner et al., 2017). If
not possible, then use safe antifungi like
natamycin (Snyder et al., 2016).
Yogurt
from
local
producers
needs
improvement in microbiological quality. This
can be done by adjusting the pasteurization
process and improving in GHM and GMP
Acknowledgments: We thank the local yogurt
producers who allowed us to work on their
products; and the vendors who accepted that
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