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Abstract Mango production is a very important sector for food security and social well-being of the Chadian
population. Mango processing in Chad is limited, and diversification of processed products is very important.
However, there is a lack of data on the biochemical and microbiological characteristics of the mango varieties used.
The aim of this study was to assess the microbiological characteristics of dried mangoes consumed in five localities
in Chad (Doba, Bebedjia, Koumra, Moundou and Bongor). One hundred samples were randomly collected from 3
vendors of the 5 localities. Standard microbiological methods were used. Results showed a total absence of spores,
Escherichia coli and Salmonella in all samples analyzed. Total aerobic mesophilic counts (TAMC) was detected in
all samples analyzed. TAMC was significantly affected (p=<0.05) by locality in contrast to water content (p<0.05).
Total coliforms were counted in all samples except those from Bongor. Faecal coliforms were found in samples V3
from Doba, V1 from Bebedjia, V1 from Koumra and V3 from Moundou. Staphylococci and fungi were found in
samples from Koumra, Doba and Moundou. Principal microbiological analysis revealed that samples from Bongor
were the most hygienic, unlike those from Koumra. In summary, these results will open up new prospects for
enhancing the value of dried mangoes. Therefore, it’s imperative for the government and its partners to propose
appropriate solutions for better processing, through training and awareness-raising on good hygiene and
manufacturing practices.
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produced each year in the north, south, east and west of
Chad. However, the high perishability of this fruit

1. Introduction

The mango tree, Mangifera indica L, belongs to the
Anacardiaceae family and is native to northern India at the
foot of the Himalayan range [1]. There are some 1,000
varieties on various continents [2]. Its fruit (the mango) is
one of the most widely cultivated and profitable tropical
fruits. It comes just after banana (37.60%) and before
pineapple (12.10%), avocado (9.80%), papaya (5.40%),
oranges (4.60%), watermelon (4.20%) and passion fruit
(3.70%) [3,4]. Its production quantity accounts for 19.60%
of the world's production of tropical fruit, which was
48.361 million tonnes in 2017 [5].

This high production makes the fruit a prime source of
income for arboriculturists. Chad is no stranger to mango
production and marketing. In fact, its production quantity
in 2010 (27,600 tonnes) represented 2% of production in
ECOWAS countries [6]. On average, 12,600 tonnes are

considerably limits its distribution in the fresh state. Yet
there is a strong demand for semi-worked products for the
pastry, confectionery and dairy industries, as well as for
processed products such as juices, nectars, concentrates,
jams and flavours [7].

This early post-harvest deterioration accounts for nearly
80% of mango production [8]. This loss is caused by poor
harvesting techniques, attacks by parasites and pests, and
product depreciation under the influence of microbiological
agents. We should also note the difficulties of preservation in
the absence of appropriate infrastructures, and the low level
of processing due to a lack of knowledge of the most
appropriate techniques. Microbiological deterioration
seems to be the most worrying in that it affects both the
sanitary and physico-chemical quality of the food, thus
reducing the cost of sale on the market. Several
microorganisms, including Escherichia coli, Salmonella,
staphylococci, enterobacteria and coliforms of external or
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internal origin colonize this fruit, which is very rich in
carbohydrates, water and vitamins, leading to the
degradation and loss of these nutritional substances [9,10].

Food processing and storage are of considerable
importance, in that they can ensure social equilibrium and
contribute to the country's economic development.
Another essential role played by these activities in terms
of nutrition and health is to ensure their preservation over
a long period, mainly justified by the reduction in losses
linked to man's need to have sufficient food available at
all times [11].

To compensate for these losses, several processing
techniques based essentially on the reduction of water
activity are increasingly being applied. These include
processing into juice, nectars, jams, compotes, mango
preserves mango chutney and dried slices [12-15]

Drying mangoes to improve shelf life and preservation
is becoming increasingly popular, given the ease with
which it can be implemented. Indeed, mango drying
results in the production of mango pods following
dehydration, which partially or totally removes the water.
This ancient technique is widely used today in developing
countries for food preservation.

In a cash crop, the survival of sun-dried mango as a
commercial product depends on its nutritional, gustatory
and hygienic qualities, as well as on how well it keeps at
room temperature. All this has a greater or lesser impact
on the acceptability and final quality of the marketed
product. It is in this context that this work was initiated,
with the aim of assessing the hygienic quality of dried
mangoes sold in 5 towns in Chad. Specifically, it aims to
determine some compositional and microbiological
characteristics of dried mangoes consumed in Chad.

2. Material and Methods

2.1. Material

2.1.1. Study Site and Sampling

The experimental study was conducted in the research
laboratory of Food Science and Nutrition at the Faculty of
Human health sciences of the University of N'Djamena.
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The study took place in four regions of the Sudanian zone,
namely Logone Occidental, Logone Oriental, Mandoul
and Mayo Kebbi Ouest, reputed to be areas with high
mango production potential (Figure 1)

2.1.2. Samples

The mango samples used come from the local markets
of Logone Occidental, Logone Oriental, Mandoul and
Mayo Kebbi Ouest. The fruits used were commercially
ripe and unripe without injury. The fresh mangoes were
solar dried by all the vendors in different regions.

2.2. Methods

2.2.1. Sampling

Dried mango samples were collected aseptically,
poured in labeled sterile bags avoiding any risk of
contamination during sampling and handling in the
laboratory. A total of 100 samples (dried mangoes) due to
20 samples per site were studied; in fact, 3 sets of samples
were collected per study locality. These 3 batches
corresponded to 3 vendors identified in these areas. Once
the samples had been collected, they were transported in a
refrigerated cooler within 12 hours of collection, where
they were directly used to enumerate the various
microorganisms under aseptic conditions.

2.2.2. Determination of Moisture Content in Dried
Mango Pods

This was assessed according to the standard IUPAC
(1979) protocol. 5 g (M1) of each sample were placed in
coffee filter paper (Watman N° 4), dried at 105°C for 30
min and cooled in a desiccator for 90 min to remove
moisture, sealed, weighed and dried at 105°C in a
ventilated oven branded "Venticell (MM-group)".
Weighing was carried out at regular intervals of 2 h until a
constant mass (M2) was obtained. The moisture content
(MC) was determined by the following formula 1:

MC =(M1-M2)/ M1 *100 (1)

M1land M2 being the sample masses before and after
drying respectively.
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Figure 1. Survey and sample collection area
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2.2.3. Microbiological Analysis

2.2.3.1. Enumeration of Total Aerobic Mesophilic
Flora (TAMC)

Plate Count Agar (PCA) medium was used for
inoculation and enumeration of TAMC in accordance with
NF 1SO 4833. 0.94 g of PCA were dissolved in 40 mL of
distilled water and the mixture autoclaved at 121°C for 15
min. After sterilization and cooling to room temperature in
a microbiological hood, approximately 20 mL were
poured into sterilized glass petri dishes. One (1) mL of
each sample and of each dilution prepared as described
above were deeply inoculated into these dishes at a rate of
two replicates per sample and per dilution. They were
incubated at 30°C for 72 h before colony counting, and
results were expressed as Colony Forming Units (CFU)
per g of sample (CFU/g).

2.2.3.2. Determination of Total and Fecal Coliforms

Fecal coliforms were detected and counted on
Methylene Blue Eosin (MBE) medium. It was prepared by
mixing 1.44 g of EMB powder in 40 mL of distilled water,
followed by autoclaving at 121°C for 15 min. The
medium was then poured into petri dishes and each
dilution added in depth, followed by incubation at 37°C
for total coliforms and 44°C for fecal coliforms for 24 h.
Colony counting was carried out after incubation and
results expressed as CFU/g.

2.2.3.3. Escherichia Coli Detection and Counting

Methylene Blue Eosin (MBE) medium was used for the
isolation of enteropathogenic E. coli. Petri dishes
containing the seeded medium were incubated at 37°C for
24 hr. Colonies with a metallic green sheen were picked
and plated on Muller Hington (MH) medium for
identification of enteropathogenic E. coli. Each suspect
colony obtained on nutrient agar was scraped off and
sterilely introduced into 1.5 mL of heart-brain broth
containing 15% glycerol (v/v) and kept cool (+4°C).
API® 20E, API® 20NE (Bio Mérieux) and minimal
galleries were used for bacteria biochemical identification.

2.2.3.4. Salmonella Detection and Counting

The SSA (Salmonella Shigella Agar) culture medium
was used for detection and counting of Salmonella and
Shigella. This selective medium has the particularity of
inhibiting the growth of Gram-positive bacteria and many
Coliforms and Proteus. This enumeration takes place in
four (4) steps namely pre-enrichment, enrichment,
isolation and identification of salmonella. Two (2) media
were required, one for enrichment (Rappaport-Vassiliadis)
and the other for isolation (SSA). The identification of
salmonella was made from the minimum gallery and
confirmation by the API 20 E rapid method.

The results were expressed in Colony Forming Units
for 25 g of products (CFU/25 g).

2.2.3.5. Staphylococcus Aureus Detection and Counting
Staphylococci were detected and counted on Chapman

agar medium which has the particularity of being very
selective. Once the medium was prepared (dissolving 111
g of dehydrated medium in 1 L of water followed by
sterilization), it was poured into petri dishes before
solidification. A volume of 0.1 mL of the product to be
analyzed and its dilutions obtained as described above
were spread on the medium surface using a sterile
spreader then incubated at 37°C for 24 to 48 h. Colony
Forming Units (CFU/g) were wused to express
the results of the enumeration, which was done by
counting the colonies.

2.2.3.6. Spore Detection and Counting

Detection and counting of spores required the
combination of two media: Glucose Bromocresol Purple
Agar (GPB) for the identification of Bacillus spp spores
and Reinforced Clostridial Medium Agar (TSN) for
Clostridium spp. After preparation of the different
dilutions as described above, 4 mL of inoculum from each
dilution were introduced into 4 test tubes at a rate of 1 mL
per tube and heated in a water bath at 80°C for 10 min.
The inocula were removed and cooled to room
temperature for 10 min and inoculated at a rate of 1 mL
per dish on the surface by plating on Bromocresol Purple
Glucose Agar for the search for Bacillus spp and at depth
in Reinforced Clostridial Medium Agar for the search for
Clostridium spp. After seeding, the plates were incubated
at 37°C for 48 h. The spores were subsequently identified
after staining with 0.5% malachite green and safranin (the
vegetative forms have a red color and the free spores have
a green color). Colony Forming Units (CFU/g) were used
to express the results of the enumeration, which was done
by counting the colonies.

2.2.3.7. Yeast and Mold Detection and Counting

SABOURAUD agar medium enriched with
chloramphenicol was used to isolate and enumerate yeasts
and molds. Once the medium was prepared (dissolving
45.50 g of dehydrated medium in 1 L of water followed by
sterilization), it was poured (10 to 25 mL of medium,
homogenizing perfectly) into petri dishes before
solidification. A volume of 0.1 mL of the product to be
analyzed and its dilutions obtained as described above
were spread on the surface of the medium using a sterile
spreader then incubated at 30°C for 72 to 120 h. Colony
Forming Units (CFU/g) were used to express
the results of the enumeration, which was done by
counting the colonies.

2.3. Statistical Analysis

The results obtained were presented in the form of
means + standard deviation using Microsoft Office Excel
2013 software. These means are the result of three tests or
two replicates. Analysis of variance (ANOVA) at the 5%
probability threshold allowed us to compare the means
and a Fisher post hoc test was carried out to classify the
means using Minitab version 18.Ink software. XLSTAT
2014 software allowed us to carry out a Principal
Component Analysis (PCA).
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3. Results

3.1. Moisture Content of Dried Mango Pods in Different Regions
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba: Sample Doba; E2Bbj: Sample Bebedjia; E3Kmr:
Sample Koumra; E4 Mdou: Sample Moundou; E5Bgr: Sample Bongor. P=0,288

Figure 2. Moisture content of dried mango pods in different regions

3.2. Total Aerobic Mesophilic Count (TAMC) of Dried Mango Pods in Different Regions
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Similar Letters Above Each Histogram Indicate That Differences Are Not Significant (P>0.05) E1Dba: Doba Sample; E2Bbj: Bebedjia Sample; E3Kmr:
Koumra Sample; E4 Mdou: Moundou Sample; E5Bgr: Bongor Sample. P=0,045

Figure 3. Total Aerobic Mesophilic Count (TAMC) Of Dried Mango Pods In Different Regions
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3.3. Total Coliform Load Of Dried Mango Pods In Different Regions
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=0,000

Figure 4. Total coliform load of dried mango pods in different regions

3.4. Faecal Coliform Load of Dried Mango Pods in Different Regions
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba : Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
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Figure 5. Faecal coliform load of dried mango pods in different regions
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3.5. Escherichia Coli Load in Dried Mango Pods in Different Regions
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Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=1,000

Figure 6. Escherichia coli load in dried mango pods in different regions

3.6. Salmonella Load in Dried Mango Pods in Different Regions

Results from Figure 7 showed that no Salmonella colonies (0 CFU/25 g) were found in 25 g of mango pods,
irrespective of locality and vendor.
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=1,000

Figure 7. Salmonella load in dried mango pods in different regions
3.7. Staphylococcus Aureus Load in Dried Mango Pods in Different Regions

Analysis of the Staphylococcus aureus load shows that samples V1 and V3 from Koumra are significantly
(contaminated and unfit for consumption. They showed overall loads of 4.55.103 and 1.82.103 CFU/g respectively.
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Different letters above each histogram indicate that differences are significant (P<0.05) E1Dba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=0,000

Figure 8. Staphylococcus aureus load of dried mango pods in different regions

3.8. Spore Load in Dried Mango Pods in Different Regions
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=1,000

Figure 9. Spore load of dried mango pods in different regions

3.9. Yeast and Mold Load of Dried Mango Pods in Different Regions

Table 1 represent the influence of collection area and vendor on the yeast and mold load. It shows that samples V1
from Doba, V2 from Koumra and V1 from Moundou respectively had yeast and mold loads of 6.000 CFU/g, 411.000
CFU/g and 621 CFU/g, making them unfit for consumption.
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Similar letters above each histogram indicate that differences are not significant (P>0.05) E1Dba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr:
Koumra sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample. P=0,000

Figure 10. Yeast and mold load of dried mango pods in different regions

Table 1. Microbiological analyses of mango slices sold in bags in various localities in Chad

Code

E1Dba

E2Bbj

E3Kmr

E4Mdou

E5Bgr

Samples FAMT Coliform Coliform E.coli Salmo Staph.aur
Total Feacal

V1 8,12 10° 0 0 0 0 0
V2 7.65 10° 0 0 0 0 0
V3 8.02 10° 3.55.10* 1,82.10° 0 0 0
V1 6.77 10° 2.27.10° 1,27.10* 0 0 0
V2 7.4310° 0 0 0 0 0
V3 5.88 10° 0 0 0 0 0
V1 7.3210° 7.73.10° 0 0 0 4,55.10°
V2 8.08 10° 0 0 0 0 0
V3 6.9010° 2.73.10° 9,41.10* 0 0 1,82.10°
V1 6.55 10° 0 0 0 0 0
V2 7.63 10° 0 0 0 0 0
V3 7.54 10° 3.64.10° 9,09.10% 0 0 0
V1 8.3310° 0 0 0 0 0
V2 7.98 10° 0 0 0 0 0
V3 8.21 10° 0 0 0 0 0

Spore
Bacille

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

YM

6.1
0

o O O o

0
411
0
6.21

03

10*

107

6.10°

FMAT :Ech :Echantillon, Flore Mésophile Aérobie Totale ; E.coli :Escherichia coli, Salmo :Salmonella, Staph aur : Staphylococcus aureus,Y M :Yeast
and Mold, E1Dba : Echantillon Doba ; E2Bbj : Echantillon Bebedjia ; E3Kmr : Echantillon Koumra ; E4 Mdou : Echantillon Moundou ; E5Bgr :
Echantillon Bongor.

3.10. Influence of Collection area on the
Microbiological Profile of Dried Mangoes

Sold in Chad: Principal Component

Analysis (PCA) and Hierarchical
Ascending Classification (HAC)

Table 2. Contribution of observations to the formation of the different axes

Contributions (%)

Square cosine

Samples F1 F2 F1 F2 Class
ElDba 22.5575 51.1915 0.3993 0.5764 1
E2Bbj 0.2710 22.0367 0.0126 0.6497 2
E3Kmr 71.4590 8.4559 0.9298 0.0700 3

E4Mdou 1.0474 16.6602 0.0847 0.8568 2
E5Bgr 4.6652 1.6557 0.2316 0.0523 2

Table 3. Contribution of observations to the formation of the

different regions

Contributions (%)

Square cosine

Microorganisms F1 F2 F1 F2 Class
TAMC 2.6135 17.0045 0.0837 0.3462 1
Coliforme Total 5.4470 34.3310 0.1744 0.6990 1
Coliforme fecal 28.6520 3.6995 0.9172 0.0753 2
Escherichia coli 0.0000 0.0000 0.0000 0.0000 1
Salmonella 0.0000 0.0000 0.0000 0.0000 1
Staphylococcus aureus  27.9035 5.1910 0.8932 0.1057 1
Spore 0.0000 0.0000 0.0000 0.0000 1
Yeast and Mouslds 249181 9.8873 0.7977 0.2013 3
Moisture contetnt 10.4659 29.8867 0.3350 0.6086 1

E1lDba: Doba sample; E2Bbj: Bebedjia sample; E3Kmr: Koumra
sample; E4 Mdou: Moundou sample; E5Bgr: Bongor sample.

TAMC: Total Aerobic Mesophilic Count. F1 and F2 are variables and

the individual
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Figure 11. Biplot of observations and variables

Table 4. Pearson correlation matrix (r) for the different variables

Variables TAMC Total Coliform  Feacal Coliform S. aureus Yeast and mold Mositure content
TAMC 1
Total Coliform 0.3606 1
Faecal Coliform -0.1613 -0.1577 1
Staphylococcus. aureus -0.0581 -0.1325 0.9920 1
Yeast and mold -0.0008 0.0088 0.9771 0.9899 1
Moisture content 0.4766 0.9442 -0.3201 -0.3007 -0.1692 1

S. aureus: Staphylococcus aureus; TAMC: Total Aerobic Mesophilic Count.

Values in bold show that correlations are significant at the 5% level.

4. Discussion

Figure 2 shows the influence of collection area on the
moisture content of dried mango pods. Overall, the figure
shows that the study area did not significantly (p=>0.05)
affect this parameter. An application of the same drying
method from one zone to another, the use by
arboriculturists of ventilated dryers that remove more
water and the similarity in temperatures between these
different zones (Figure 2). Water contents ranged from
3.90% (Koumra) to 4.06% (Doba) and were lower than
the 14% reported by Ndangui [16] as the limit content to
ensure good microbiological stability and shelf life of food
raw materials. The values obtained were also at those of
Mwamba et al. [17], which were 8.25+0.01% and
14.17+0.01% respectively on oven-dried and sun-dried
mango pods. This demonstrates the importance of
respecting the drying conditions (time-temperature pair)
for pods, as well as the use of appropriate tools. The
availability of water in a matrix is at the root of the
reduction in its shelf life, in that it favors good microbial
growth and colonization. These observations are confirmed
by the positive correlation (r=0.9442) observed between
this parameter and Total Aerobic Mesophilic Flora.

Total Aerobic Mesophilic Count (TAMC) is an
indicator of food sanitary quality due to a certain human
activity [18]. These germs may or may not be pathogenic,
depending on the hygienic state of the contaminant. These
observations are confirmed by the positive correlation
with total coliforms (r=0.3606). Evaluation of the

microbiological quality of mango pods (Table 1) shows
that, depending on the vendor and locality, these two
parameters significantly affect TAMC. This is explained
by the population density in each vendor's trading area, as
well as the sanitation of the area. A ranking of this
parameter shows that TAMC is highest among vendors in
Bongor, followed by Doba, Koumra, Moundou and
Bebedjia. These findings can be explained by the fact that
the first two locations are transportation crossroads with
considerable human activity and dense populations, both
of which would affect the product's hygienic quality. It
also varies from one vendor to another within the same
locality. This variability in TAMC could depend on the
density of street traffic, which influences environmental
hygiene and therefore product pollution. This high TAMC
load favors strong product spoilage and the risk of the
presence of pathogenic germs [19]. Results from Figure 3,
which shows the average TAMC as a function of
collection area, shows that the values obtained are all below
the threshold value (500,000 CFU/g) prescribed by ISO
4833. It can be due to the airtight nature of the packaging
used by the vendors in each case. Nevertheless, there was a
significant influence (p<0.05) of collection areas on this
parameter, with a higher load in the Doba and Bongor pods
and a lower load in the Bebedjia pods. The loads obtained
are lower than those of Kasse et al. [18], which were over
1.49.106 CFU/g in mango pods sold in Senegal, but similar
to the data of Mwamba et al. [20].

Total coliforms are among the germs whose presence in
food does not necessarily pose a health risk, [17].
Nevertheless, prolonged contact with the substrates in
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their environment could lead to their rapid multiplication
and a certain health risk for consumers. They are generally
caused by a lack of hygiene during handling, the use of
soiled equipment and contaminated water from streams
bordering toilets or in densely populated areas. Vendors in
Bongor were very hygienic as showed in Table 1, as no
total coliform colonies were detected. At the same time,
vendors in Koumra were the least hygienic, with two out
of three presenting contaminated samples. Indeed, vendors
in Bongor are better educated and are under constant
sanitary control by the authorities, given that this locality
is an inter-state crossroads and a tourist town. Figure 4
also shows that only samples from Bongor met the 1SO
4833 standard for total coliforms (maximum 1000 CFU/q)
and were therefore fit for human consumption. The
statistical differences observed can also be explained by
difference in temperature in the two study areas. The
results obtained are comparable to those of Bongor, but
they are also higher than the values found on sun- and
oven-dried mango pods by Mwamba et al. [20], which
were 0 CFU/g. A high sugar content reducing water
availability and, consequently, microbial mobility and
growth in the different samples could also explain the
differences observed [21].

Faecal coliforms refer to germs found in the human
gastrointestinal tract, whose presence on foodstuffs would
indicate faecal contamination due to poor personal
hygiene and the use of water contaminated by faeces to
clean mangoes and utensils [19]. The presence of these
germs is thus indicative of the presence of numerous
germs such as staphylococci and fungi (intestinal yeasts).
A positive correlation has been established between this
parameter and the presence of both staphylococci
(r=0.9920) and fungi (r=0.9771). It reveals that vendors in
all localities except Bongor are healthy carriers of these
germs. Table 1 also shows that samples V3 from Doba,
V1 from Bebedjia, V1 from Koumra and V3 from
Moundou are unfit for consumption. This supports the
findings of Rakotonantoandro [21] and Hyacinthe [22],
who similarly noted that the vendors, their location, and
the water content of the various samples all affected the
level of contamination in a community. Furthermore,
Figure 5 shows that all cosettes sold in all localities except
Bongor are unfit for consumption from the point of view
of this germ. This would be due to storage in humid
environments favorable to microbial growth by vendors in
these aforementioned localities [23]. We also noted that
Koumra is the most at-risk locality in terms of hygiene
(average load of 94100 CFU/g). The average values
obtained are higher than those of Mwamba et al. [20], who
reported 0 CFU on oven- and sun-dried mango pods.
These results thus demonstrate the need to train vendors
on good hygiene and preservation practices.

E. coli, salmonella, staphylococci and yeasts are among
the germs that cause faecal contamination, reflecting
intense human activity and poor knowledge of hygiene
rules. Table 1 and Figure 6 shows that not all samples
contained Escherichia coli. It could be due to the absence
of this germ among the faecal coliforms found in all
localities except Bongor. The values obtained are
statistically lower for all vendors and localities according
to the 1SO 16649-1 or 2 standard cited in EC regulation
2073/2005, which stipulates that the load of this germ in

fruit ready for consumption must be less than 10 CFU/g.
As a result, these pods are edible from the point of view of
this pathogen. The results obtained are similar to those of
Rakotonantoandro [21]. This shows that vendors in all
these localities observe good practices, i.e. that the water
used to clean mangoes and utensils is free of Salmonella.
Irrespective of locality and vendor, the cosettes surveyed
were fit for human consumption, as their Salmonella load
was similar to the 1SO 4833 standard of 0 CFU/25 g. The
results obtained are similar to those of Kasse et al. [18]
and Mwamba et al. [20]. The positive correlation
(r=0.9920) between these two metrics indicates the
existence of these germs in fecal coliforms. This would
further demonstrate that the V1 and V3 vendors do not
comply with good pre- and post-production hygiene and
sanitation practices [24]. The cause may be attributed to
the advanced maturity of mangoes used for cosette
production in this area [13]. Analysis of the results
presented in Figure 8 showed a statistical difference
(p<0.05) between results depending on locality. The
staphylococcus load in the Koumra samples was 3.13.103
CFU/g, unlike all the others, which were 0 CFU/g. So,
apart from this sample, all the others showed values in line
with the ISO 4833 standard of 100 CFU/g in ready-to-eat
fruit. The data obtained is similar (with the exception of
Koumra) to that of [24], which was 0 CFU/g.

Bacterial spores are ubiquitous, thermoresistant
(resistant to heat, radiation, disinfectants and desiccation)
and dormant, making them a major contaminant of food
products. The presence of these germs indicates a greater
health problem, as they are resistant to heat treatment.
From Figure 9 and Table 1, it can be seen that dried
mango pods do not contain heat-resistant or thermophilic
germs, whatever the area or vendor. This can be explained
by the fact that the collection and cultivation areas for the
various samples do not have temperatures above 40°C,
making it virtually impossible to find such germs in these
areas. Numerous authors [24,18,20] have also reported the
absence of spore-forming microorganisms in mango pods.
What's more, the average load in these different areas is
below the regulatory threshold (100 CFU/g) according to
ISO 4833. These pods are therefore compliant and fit for
consumption in terms of spore load.

These different loads between vendors in the same
locality and between localities can be explained by the
cleanliness of the collection areas, the presence or absence
of asphalt in the sales area, the leaking of packaging in the
aforementioned areas, faecal contamination linked to a
diet rich in processed cereal products such as bread, and
finally to the ripeness of the fruit. This contamination is
thought to have occurred during processing in
contaminant-laden open air. Similarly, open-air solar
drying by vendors in high-risk areas would also explain
the differences observed [13]. Thus, the use of electric
dryers and strict compliance with hygiene rules during
processing would appear to be solutions to yeast and mold
contamination. Figure 10 also shows that only samples
from Bebedjia and Bongor complied with the 1SO 4833
standard, which recommends a yeast and mold load <200
CFU/g. Samples from Koumra were the most affected
(41100 CFU/qg), demonstrating the need for intensified
sanitary controls of foodstuffs by the public authorities in
this area, combined with hygiene training for dried fruit
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producers and processors.

Principal component analysis enabled us to evaluate the
different parameters and associate both the samples
(observations) with the different variables (microbial load).
This analysis revealed the Biplot correlation between
observations and variables (Figure 11). Hierarchical
Ascending Classification (HAC) enabled us to group the
two parameters into three groups, showing the correlations
by small group. Table 2 shows the contribution and cosine
squared of the observations: the F1 axis is formed by
samples from Koumra and Bongor, while the F2 axis is
formed by samples from Doba, Moundou and Bebedjia. In
contrast to this first analysis, HAC classification enabled us
to associate samples from Bongor, Bebedjia and Moundou
(class 2), while samples from Doba and Koumra formed
classes 1 and 3 respectively. Overall, these observations
suggest a similarity between samples from Bongor,
Bebedjia and Moundou in terms of microbial load. This is
confirmed by the observations made in Figure 11, where
samples from these three localities appear in the same frame.

The contribution and classification of variables carried
out and presented in Table 3 show that faecal coliforms,
E.coli, Salmonella, S. aureus, spore, yeast and mold
contribute to the formation of the F1 axis to the tune of
28.65%; 0.00%; 0.00%; 27.90%; 0.00% and 24.92%
respectively. The F2 axis was formed by TAMC, total
coliforms and water content. Hierarchical ascending
classification correlated TAMC, total coliforms, E. coli,
Salmonella, S. aureus, spores and water content, while
fecal coliforms and yeasts/molds formed groups 2 and 3
respectively. These analyses also show that these variables
are globally represented in the different observations.

The Biplot (Figure 11) presenting the correlation
between observations and variables shows that samples
from Bebedjia, Bongor and Moundou are correlated with
spores and E. coli, while the sample from Doba had higher
overall water content, faecal coliform and TAMC loads.
Dried mangoes from Koumra were less hygienic, being
loaded with staphylococci, total coliforms, yeasts and
molds. The small-group correlations formed by HAC and
shown in Table 10 confirm the relationship between TAMC,
total coliforms (r= 0.3606) and water content (r= 0.4766).
Kameni et al [13] also reported an increase in microbial
load in water-rich fruit. In fact, the availability of water in a
food favors the motility of microorganisms, facilitating
contact with nutrients and their multiplication. As for total
coliforms, this would be due to the fact that TAMC is most
often made up of this microbial genus [18]. A negative
correlation was noted with S.aureus (r=-0.0581).

5. Conclusion

At the end of this study, which was aimed at the
microbiological characterization of dried mango samples
from several sales outlets in (5) localities in Chad, it
emerged that, with the exception of the samples from
Bongor, which showed overall satisfaction on the whole,
the others posed problems on the sanitary level. Faulty
hygiene conditions in the Koumra samples led to
significant contamination with coliforms (total and faecal),
staphylococci, yeasts and molds. Spores and salmonella
were not found in any of the samples (0 CFU/g). From a

sanitary point of view, only spore and salmonella loads
were acceptable from the point of view of the standard in
all samples. Principal component analysis revealed that
samples from Bongor were the healthiest, followed by
those from Moundou and Bebedjia, while those from
Koumra were the least hygienic. These initial results
suggest that the study should be extended to other
localities, villages and neighborhoods in Chad, to ensure
the sanitary quality of fruit sold to the population. It will
also help to improve the quality of products sold and to
implement health monitoring measures in Chad. This
work also highlights the need for public authorities to train
those involved in food processing, including fruit, in the
prevention of microbiological hazards.
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