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The Hazard Analysis and Critical Control Point system (HACCP) is a scientific and systematic approach to identify hazards
and provide measures for their control to ensure food safety. Thus, to ensure that the quality of agbélima, a product derived
from cassava is taken into consideration during processing, the HACCP system has been applied to improve both the quality
and the safety of that product. The methodology used for the implementation of the quality approach on the chain of
production of agbelima in South Benin is summarized by a survey for the analysis of the context and the environment of
agbelima production, the hazard analysis and the determination of the critical points related to the production of agbelima,
the realization of the model of the quality assurance system (HACCP) and the verification of the effectiveness of the system
implemented. The hazard analysis was carried out according to the raw, material, labor, equipment, environment and method.
The elaboration of the HACCP theorical model was carried out according to twelve classic steps. The HACCP system is
implemented on the production site. Before and after the implementation of the system, microbiological analysis on eighteen
samples of agbelima were carried out. The results of the hazard analysis indicate that hazards exist at all stages of agbelima
production. The application of the HACCP theorical model resulted in the detection of 6 Critical Control Points (CCPs)
throughout the production chain. These are the reception of the raw material, washing, grinding, pressing, fine milling, and
packaging. The analysis reveals that all eighteen samples of agbelima analysed before the implementation of the approach
are not in conformity with the regulatory requirements. However, after the application of the system, a varying reduction
firom 93.49% to 100 % was noted for microorganisms such as: Total Mesophilic Flora, Lactic Flora, Yeasts and Moulds
and Sulfito Reducing Anaerobes, ColiformsThermotolerant, E. coli, Staphylococci and Salmonella in agbelima samples.
Compliance with the implementation guide is 77.5 % in relation to twelve steps of the system application. Improvements
are needed on the records and their effective updating to maintain the level of quality of this product.

Keywords: cassava, agbelima, HACCP, quality, Benin.

Article info:

Received 11/05/2021, accepted 25/06/2021

DOI: 10.17586/1606-4313-2021-20-3-45-56

Article in English

For citation:

Agassounon Djikpo Tchibozo M., Capo-Chichi R., Adjagodo A., Ladekan E., Guidi T. C., Galimova L. V.

Implementation of the HACCP tool and microbiological quality of agbelima production on a site in South Benin. Journal of
International Academy of Refrigeration. 2021. No 3. p. 45-56. DOI: 10.17586/1606-4313-2021-20-3-45-56

BHeapeHue cucTeMbl aHAJIM3A ONMACHOCTEH U KPUTHYECKHX
KOHTPOJIbHBIX TOYEK U MUKPOOHOJIOTHYECKOE KAYeCTBO
npoaykuuu aroesimma Ha yyactke B IO:xHom benune
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Cucmema ananuza onacnocmeii u Kpumuueckux konmpoavhvix movek (HACCP) — smo nayunwlii u cucmemamude-
CKUIl ROOX00 K 8blAGIEHUI0 ORACHOCHIEH U 00eCneuYeHUI0 Mep N0 UX KOHMPONI0 O Ho20, Ymodbl 2apanmupeoans
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Oezonacnocmo nuugesvlx npooykmos. Ilenvio pabomeut saenaemca npumenenue cucmemovt HACCP ona obecneueusn
Kauecmea u 6e3onacnocmu azoenuma — nPoOyKma, NOJIYYEeHHOZ0 U3 MAHUOKU 80 épems e20 0opadomku. Memooono-
2ust, UCRONB3OGAHHAA 013 PEANU3AUUU NOOX00d K Kauecmay 6 yenouke npoussoocmea azoenuma ¢ FOxcuom benune,
npeocmasmiena 0630pom yciosuii RPOU3EOOCMEA az0enumMa, AHATUIOM PUCKOS U ONPedeleHUeM KDUMUYEeCKUX MoYeK,
CGA3AHHDBIX C €20 RPOU3BOOCHBOM, peanuzayueil mooeau cucmemnl ovecneuenusn kauecmea (HACCP) u nposepxoit 3¢h-
ghexkmuenocmu enedpennoni cucmemul. AHaIU3 ONACHOCHEN RPOBOOUIICA 8 COOMBEMCIEUN C CbIPbEM, MAMEPUATIAMU,
paboueii cunoii, 060pyoosanuem, okpysycarouieit cpeooit u memooom. Pazpaoomxa meopemuueckoii mooenu HACCP
nposoounace no 12 knaccuueckum wazam. Cucmema HACCP enedpena na npouzeoocmeennoii niowiaoke. /[o u nocie
6HEOpeHUs cucmeMbl Oblll RPoseden MUKpoduonocuueckuil ananus 18 oopazyos azoenuma. Pesynomamol ananusa no-
Ka3vleaiom, 4mo OnaAcHOCHU CYuWeCmayIom Ha 6cex Imanax npouzeoocmea azoenuma. Ilpumenenue meopemuueckoi
mooenu HACCP npueseno k oonapyscenuro 6 kpumuueckux konmpononsix mouek (KKT) no eéceit npouseoocmeennoi
yenouke. Imo npuem coipbs, MOUKA, UMEIbYEHUE, RPECCOBAHUE, MOHKOE U3MEIbYeHUE U YRAKOSKA. Ananu3 nokasvieaem,
umo ece 18 0opazuyoe azoenuma, npoananusuposannvie 00 peanuzayuu nO0Xo00d, He COOMEemMCmMEyIom HOpMAmMUEHbIM
mpeodosanuam. O0Haxko nocie npumenenus cucmemol oo110 ommeueno om 93,49 % oo 100 % cruscenun cooexcanus
MAaKux MUKpoOOp2Zanu3mos, Kak oowas mesounsvnas aopa, monounas aopa, Opoxicicu u niecensv, a maxice cyib-
dumopedyyupyrowue anazpoool, mepmomonepanmuole KOnughopmnvlie 6aKmepuu, KulieuHas RA104YKd, CIMAQUiI0KOKKU
u canvmonenna 6 oopaszyax azoenuma. Coomeemcmeue pykoeoocmey no eneopenuio cucmemvl — 77,5 % no 12 wmazam
ee npumenenusn. Heobxooumvl ynyuuwenus npomkona u e2o Iphexmusnoe ooHosNeHUE 01 NOOOEPHCAHUA YPOBHS

Kauecmea ymozo npodykm a.
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1. Introduction

Cassava (Manihot esculenta Crantz) is the most import-
ant tropical root crops. It constitutes the fourth largest crops
production in terms of its contribution (92,842,000 tons
in 1992) to the world population’s diet after cereals (Bokanga,
2001 [22]). Its annual world production is estimated at about
237 million tons in 2010.

Its cultivation in Sub-Saharan Africa is the second after
other staple food crops and it plays a major role in food secu-
rity (Benesi et al., 2005 [20]). Indeed, on food plan, the con-
sumption of roots constitutes an important source of calories
for the populations of developing countries (Turyagyenda et
al., 2012 [45]). Cassava roots are known as the best producer
of carbohydrates (sugars) among commodity crops. In order
to be consumed, this starchy root needs to undergo several
food processing technologies (Amoa-Awua et al., 1996 [18];
Toka et al., 2008 [44]), which are highly dependent on differ-
ent regions and countries.

In Benin, cassava tends to become a crop contributing
to poverty reduction through the marketing of its many de-
rivatives (gari, tapioca, lafun, cossette, agbelima, etc.) (Hong-
béte et al., 2011 [29]; Abraham, 2013 [2]). One of the products
derived from cassava is agbelima, which is made from cas-
sava roots and is used to prepare a paste commonly called
agbéli; the latter is consumed by 66.66% of Beninese in South
Benin (Capo-chichi, 2010 [24]). Today, this food occupies an
important place in the eating habits at home and in the restau-
rants of Beninese society.

Despite this strong involvement of this product, the qual-
ity of agbelima still leaves something to be desired because
of the shortcomings that can be seen along the processing
circuit. It has been reported that several traditional technol-
ogies have shortcomings that can influence the quality of
finished products (Konfo et al., 2014 [30]). Failure to comply
with hygienic and packaging conditions means that the fin-
ished product may be responsible for certain diseases such as
toxi-infections among consumers (Agassounon Djikpo Tchi-
bozo et al., 2016 [12]).

In order to guarantee the quality of this foodstuff that
has become almost unavoidable in food habits, the HACCP
system has been developed to manage the quality and hygiene
of food along the processing chain. This system detects risk
factors that may exist and makes it possible to control risk
areas by putting in place safeguards (Mananga Luzembo,
2012 [33]).

The aim of this work is to assess the effectiveness of the ap-
plication of the rules of Good Hygiene Practices/Manufacturing
according to the HACCP system, as part of the improvement
of the quality of agbelima produced in South Benin.

2. Material and Methods

2.1. Study Framework

The study focused on an agbelima production site
in southern Benin. Southern Benin is characterized by a hu-
mid tropical or sub-equatorial (Beninese) climate with four
seasons of unequal duration: two rainy seasons alternating
with two dry seasons. The average annual temperature varies
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from 25 °C to 29 °C (Le Barbé, 1993 [31]). Atmospheric hu-
midity is high in this region and is of the order of 85% in Jan-
uary and February; it reaches a maximum of 95% in October.

2.2. Plant material

The study material is agbelima, a derivative of Manihot
esculenta Crantz, a species of the Euphorbiaceae family that
produces high energy roots used in human food (Akouégni-
nou et al., 2006 [17]).

2.3. Methodologies

The work includes three steps: a survey was conducted
among the producer (s) to record the general hygiene of
the place of production, identify the different diagrams of
agbelima production and then the context and environment
of agbelima production. Then the evaluation of the knowledge
of hazards, the identification of hazards during operations
and the establishment of corrective actions followed by mi-
crobiological analysis were carried out. All this was done
to verify the efficiency of the system put in place by consid-
ering lactic flora and contamination (Bourgeois and Leveau,
1991 [23]).

2.3.1. Investigation

The purpose of the survey is to obtain useful information
on the state of hygiene at the agbelima production site. It was
carried out using an on-site observation sheet (Agassounon
Djikpo Tchibozo et al., 2014 [11]) and follow-up after agree-
ment with the producers. The observation grid used enabled
the observation of breaches of hygiene rules during produc-
tion.

2.3.2. Realization and application of the HACCP model

The realization of the theoretical model followed the 12
regulatory steps of HACCP implementation. After the HAC-
CP team was set up and the product was described, its intend-
ed use was determined (Steps 1, 2 and 3).

A preliminary audit was carried out on the production
site. A meeting with the person in charge and his workforce
was done according to the approach already reported by
Agassounon Djikpo Tchibozo et a/ (2016) [12]. Its objective
was to record the details relating to the context and the en-
vironment of agbelima production on these sites and to ver-
ify on site the theorical diagram retained; as well as the flow
chart in order to complete them and correct them if neces-
sary. That in full compliance with steps 4 and 5 of the HAC-
CP system implementation. For the safety of consumers,
potential hazards that could hinder the marketable, hygien-
ic and nutritional quality of the product have been identified
during the production process throughout the chain. The
HACCP team, being a monitoring team, was set up for field
investigations. Critical Control Points (CCPs) were identified
with critical limits. The monitoring system was developed
as well as the corrective actions. Suggestions were done.
Then a documentation system was produced.

2.3.3. Verification of the effectiveness of the system put
in place

The system set up has been verified by microbiological
analysis carried out before and after the application of
the HACCP principle.

2.3.3.1. Samplin
The control carried out concerns the actual production

of agbelima and covered 3 (three) technologies and two cul-
tivars (Agrick and Hombete) of cassava. A total of 18 agbe-
lima samples of the two cultivars were taken and analyzed,
3 samples from each technology. Sampling was done asepti-
cally after production following the procedure described
in the standard method NF V 04-501: 1998 [8] before and
after the application of the HACCP system. Each sample of
a minimum mass of 100 g was taken and packaged in a ster-
ile sampling bag fitted with sealing bars, then protected
in plastic containers and identified by a label with a direct
marking of their code on the plastic packaging. The samples
were transported as soon as possible in a cooler equipped
with a freshness accumulator to the laboratory where they
were processed immediately. These samples were distributed
according to the sample codes described in Table 1.

Table 1
Sample codes
Codes Samples
ATA, .
Agbelima from Technology 1 with
AT1A, ATA, agrick cultivar
AT A,
ATA, .
Agbelima from Technology 2 with
AT2A, ArToA, agrick cultivar
ATHA,
ATA, . .
. Agbelima from Technology 3 with
AT3A, ArT3A, agrick cultivar
A3T3A£
AT A,
ATH AITI AH Agbelima from Technology 1 with
! 21 H Hombéte cultivar
AsT Ay
A T,A,
AT.H Asz AH Agbelima from Technology 2 with
2 2-2 H Hombéte cultivar
AsTHAy
A T;A
AT.H A1T3 AH Agbelima from Technology 3 with
3 2l Hombéte cultivar
AT;Ay

2.3.3.2. Study of the microbiological quality of agbelima
samples

Microbiological analysis including market and hygienic
quality (Bourgeois and Leveau, 1991 [23]) before and after
HACCP were performed on agbelima samples in accordance
with the NF ISO 7218 [6] standard, laying down general rules
for microbiological examinations. The market quality took
into account visual and sensory aspects. The different param-
eters researched are: Total Mesophilic Flora, Lactic Flora,
Coliforms thermotolerant, Escherichia coli, Staphylococcus
aureus, Yeasts and Molds, Sulfito Reducing Anaerobes and
Salmonella (Table 2).

Before moving on to sowing inoculation, the stock sus-
pensions were prepared in accordance with the standard (NF
V 08-051:1999 [9]). Successive dilutions, based on the standard
(NB 01 11007-2006 [13]), were obtained by placing 1 ml of
the previous dilution in 9 ml of diluent as the tests progressed.

The results were expressed in Colony Forming Units
(CFU)/g of product analyzed. The interpretation of the results
is done with reference to the standards from the lafun guide
value (criteria published by the National Agency for Stan-
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Table 2

Methods of detection and enumeration of bacterial and fungal microflora

Search for germs and methods used Types of sowing

Cultivation media Cultivation conditions

FMT (NB 01.11.008-2006 [14]) 1 ml in the mass

Gélose PCA 48H=+2 at 30 °C

Coliforms thermotolerant

(NF ISO 4832-2006 [4]) I'mlin the mass

Violet Red Bile Lactose Agar 24H+2 at 44 °C

Yeasts and Moulds

(NF ISO 7954-1998/V08-022 [7]) 0.1'ml on the surface

Potato Dextrose Agar 5 days at 25 °C

Staphylococcusaureus

(NF ISO 6888-1-1999 [5]) 0.1 ml on the surface

Baird Parker complete 48H+2 at 37 °C

Sulfito Reducing Anaerobes 1 ml deep (tube)

Tryptone-Sulfite-Néomycyne 18-24 H at 37 °C

(TSN)
LacticFlora (NF ISO 15214-1998 [3]) |1 ml in the mass (double layer) MRS 24-48H at 37 °C
Pre-enrichment 25 g d’échantillon +225 g d” EPT | Buffered Peptone Water 18H+2 at 37 °C
Enrichment 0.1 ml of pre-enrichment in RV Broth Rappaport (RV) and RV 24H+at 41 °C;
Salmonella broth and 2 ml in BSC Bouillon Selenite Cystine Broth (BSC) BSC 24H+2 at 37 °C
. Spread one dse of cach broth onthe | g1 1 o11/Shigella (SS) agar | The whole 24H +2
Isolation surface of one box of each agar o
. . . Hektoen agar at 37 °C
isolation medium

dardization, Metrology and Quality Control (ANM))
in the Standard (NB 03.06.007 [15]).

Mould colonies in powder form were isolated in pure
culture by transplantation on Potato Dextrose Agar (PDA) for
2 to 6 days incubation at 30 °C and 25 °C. The microscopic
characters were observed by taking a mycelial fragment using
a sterile platinum loop; which was deposited on a slide bearing
a drop of cotton blue lactophenol (Guiraud and Galzy, 1980;
Nguymen, 2007 [27]). The colonies were observed with an
optical microscope at x100 magnification with immersion oil.

3. Results

3.1. Level status of hygiene during agbelima production

The assessment of the state of hygiene shows that the pro-
duction sites are in an unacceptable state and that the person-
nel are not trained about Good Hygiene Practices (GHP) and
Good Manufacturing Practices (GMP). Producers and workers
have never carried out any medical examination in the context
of agbelima production. The maintenance of work equipment
and their obsolescence is a major problem. The raw material,
the production equipment as well as the producers are in an
unhealthy environment without proper waste and wastewater
management. The water used for washing the peeled cassava
roots, for starch extraction and for packaging the finished
product is of questionable quality. The cassava peelings and
other waste mixed with the washing water left at the process-
ing site create an unhealthy environment; giving off a very
strong smell of ammonia. Drainage systems are archaic and
the juice from the pressing runs off and fulfilled the soil.

3.2. Adjusting the pre-processing program

The prerequisite program corresponds to the first 5 steps
of the HACCP principle. Thus, a program of periodic medical
check-ups has been proposed, at least once a year. Similarly,
any injured, sick or indisposed person must be excluded from
production operations. In addition, the procedures of Good
Hygiene Practices/Manufacturing for the realization of
the unit operations aiming at ensuring the hygienic quality
of agbelima have been established. Most of the adjustments

proposed for quality assurance are adopted by the actors and
implemented.

3.3. Proposed HACCP model for the agbelima pro-
duction chain

3.3.1. Building the team

Considering the nature of agbelima production, which
is purely artisanal, and the low level of literacy of the produc-
ers and workers, some difficulties were encountered in mak-
ing the team multidisciplinary.

The team was able to bring together 5 members who are:

— a qualitician (graduate microbiologist and technologist);
a cassava producer;

a production manager;
an agronomist;
a quality assurance supervisor.

m Description of agbelima.

Agbelima, is a product derived from cassava roots ob-
tained after peeling, crushing, pressing, fine grinding and
fermentation. The most important stage of its production is
fermentation. Generally agbelima is whitish, beige or yellow-
ish in color.

m Use of the product.

Agbelima is used to prepare a fermented paste with an
elastic consistency commonly called agbéli in the mina dia-
lect, a food resulting from the culinary knowledge in South
Benin precisely of the Guin and consumed by the population.

m Diagram of agbelima production.

The technologies listed are variable and cover several
steps grouped and ordered. Although producers have their
own method of performing each unit operation, some oper-
ations are common to all producers. After reception, the cas-
sava roots are peeled. The peeled roots are washed and soaked
in water and then crushed in the grinder to obtain a grind.
The latter is subjected to the action of a handcrafted and man-
ual press. Then, the fine grind is obtained using a mill before
being packaged in bags lined internally with transparent
polyethylene (PE) bags. Finally, the fermentation follows,
which is spontaneous (Figure 1).
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Water spraying
250 ml /50 kg Agbélima

Fig. 1. Diagram of agbelima production from cassava roots
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3.3.2. Principle 1: Potential Hazards Identified

belima are the following:

— rotted cassava roots;
— damaged cassava roots;

The potential dangers that can reduce the quality of ag-

— non-potable cassava root washing water;
— grains of sand stuck to the washed roots;
— thermophilic pathogenic microorganisms present

in poorly washed mills;

| Pressing |

—bi Water + starch

Fine grinding
Packaging

Fermentation

pouches and bags;

— airborne pathogenic microorganisms and/or unclean

— pathogenic microorganisms from unclean hands;
— Heavy metals released from the mill and grinder;
— product contact with flies and insects.

3.3.3. Principle 2: Critical control points identified for

agbelima production

The Critical Control Points (CCPs) identified for agbe-

lima production are grouped in Table 3.

Table 3

CCP for agbelima production and these critical limits for each control measure

Potential hazards or quality

CCpP Unit operations defects Control/preventive measures Critical limits for control measures
CCP1 Root reception |— Rotted cassava roots; — Processing immediately after harvest- |— Process the cassava roots
fresh from — Damaged cassavaroots | ing; within 24 hours of harvesting;
cassava — Removal of damaged cassava roots) — Sorting on receipt
CCP2 Washing — Pathogenic microor- — Use drinking water from public water |— Total absence of dust, flies,
cassavaroots |ganisms in the water used supply or cooled boiled water; faeces, or offensive odours
to wash cassava roots; — Treat all other water before use; in the area of the water source;
— Sand grains stuck — Wash the cassava roots at least twice; |— Total absence of sand or
to washed roots — Make sure that glued mud and sands mud on the washed roots
are completely removed from all parts and
contours of the roots
CCP3 Grinding — Pathogenic thermophilic |— Pathogenic thermophilic microorgan- |— Total absence of impurities
microorganisms from dirty or | isms from dirty or poorly cleaned mills; inside and outside the mills;
poorly cleaned mills; — Metals from rusty and poorly main- — No use of mosquito net
— Metals from rusty and tained shredders;
poorly maintained shredders; |— Toxic elements released by nets
— Toxic elements released
by nets
CCP4 Pressing Pathogenic microorganisms |— Use clean (disinfected) polypropylene | Total absence of dirt on bags
in a dirty and unhygienic bags; and pressing equipment
pressing environment or dirty |— Cleaning the presses;
pressing bags — Avoid contact of the pressing bags with
dirty/soil surfaces;
— Clean and dry all bags at the end of
each working day;
— Treat all bags weekly with hot water
and/or disinfectant
CCP5 Fine grinding |— Pathogenic thermophilic |— Use clean mills; — Total absence of impurities
microorganisms from unclean | — Clean mills regularly; inside and outside the mills;
or poorly cleaned mills; — Make sure that the mills are cleaned — Fine grinding
— Metals from rusty and before and after the end of the day’s
poorly maintained mills operation;
— Make sure there are no lumps
in the cassava roots
CCP6 Packaging — Pathogenic microorgan- |— Wash hands thoroughly with soap and |— No contact with the product

isms from dirty hands;

— Contact of product with
flies;

— Dirty bags and packaging
bags

water;

— Make sure that the packaging bags are
not perforated;

— Make sure that the bags and packaging
bags are clean

without proper hand washing;
— No observable openings
after closing the bags;

— No contact with flies;

— Hermetic sealing of bags
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Table 4
Establishment of the monitoring system
Unit Potential hazards or Follow-up
cCp ; ! .
operations quality defect What How Frequency Who Registers
CCP1 | Root — Rotted cassava — Cultivar name; — Investi- |For every |Quality — Cultivar name;
reception | roots; — Maturity (months) | gate at the supply Assurance |— Age at harvest;
fresh from |— Damaged cassava |before harvest; seller’s level; Manager |— Date and time of
cassava roots — Date and time of — Visual harvest;
harvest; inspecte — Degree of colouring
— Colour change,
evidence of damage;
— Presence of vascular
traces;
— Presence of brown
streaks
CCP2 | Washing |— Pathogenic micro- |— Impurities Visual — Water | Pro- — Levels of dirt, fine
cassava organisms in the water |in the water; inspecte Daily; duction particles and materials
roots used to wash cassava | — Fine particles; — Each | Super- faecal;
roots; — Sand grains and batch of | visor — Presence or absence
— Sand grains stuck | odour; peeled of sand particles and
to washed roots — Particles of roots mud on the washed roots
sand or mud
CCP3 | Grinding |— Pathogenic thermo- | Evidence of Visual Before Produc- |— Absence of dirt or
philic microorganisms | rust or dirt inspecte and after |tion rotten cassava paste from
from dirty or poorly on grinders grinding | Super- the crushing operation
cleaned mills; visor carried out 24 hours
— Metals from rusty previously;
and poorly maintained — Degree of rust and
shredders; cleanliness of the grind-
— Toxic elements ers
released by nets
CCP4 | Pressing | Pathogenic microor- Dirt on pressing equip- | Visual Before, Control Absence of dirt
ganisms in a dirty and | ment and bags inspecte during Super-
unhygienic pressing and after | visor
environment or dirty pressing
pressing bags
CCPS5 | Fine grind- | — Pathogenic thermo- | Evidence of rust or dirt | Visual Before Produc- | Degree of rust and clean-
ing philic microorganisms | on mills inspecte and after |tion liness of mills
from unclean or poorly grinding | Super-
cleaned mills; visor
— Metals from rusty
and poorly maintained
mills
CCP6 | Packaging | — Pathogenic micro- |— Suitability of hand | Visual Before Produc- |— Level of cleanliness
organisms from dirty | washing by staff; inspecte and tion of hands and bags;
hands; — Cleanliness of after each | Super- — Condition of dam-
— Contact of product | the bags; packaging | visor aged or undamaged bags
with flies — Correct closing of
— Dirty bags and the bags
packaging bags

3.3.4. Principle 3: Critical limits for each control mea-
sure for CCPs

For agbelima, the critical limits that must be achieved
by control measures as an indication of adequate controls
at each CCP are detailed in Table 3.

3.3.5. Principle 4: Established monitoring system

The monitoring system developed makes it possible
to know what needs to be monitored, how monitoring should
be done, how often monitoring should be done, and who does
the monitoring. For agbelima production, the monitoring sys-
tem put in place is shown in Table 4.

3.3.6. Principle 5: Specification of corrective actions
to be taken when processes are out of control

Corrective actions on the diagram correspond to sug-
gestions and/or proposals made and presented in Table 5.

3.3.7. Principle 6: Procedure for verification of system
effectiveness

The procedure for verifying the effectiveness of the sys-
tem put in place led to the results of the analysis of agbelima’s
marketable and hygienic quality (Table 6).

3.3.8. Principle 7: Documentation of all system imple-
mentation activities

All procedures followed for the implementation of
the HACCP system and the results of observations and tests
must be documented. All records must be maintained in an
accessible manner.
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Table 5
Corrective actions for critical control points that deviate from agbelima production
CCp Operation of the unit Significant risks or quality defects Corrective actions
CCP1 Root reception — Rotted cassava roots; — Reject undesirable cultivar, discoloured or old roots;
fresh from cassava — Damaged cassava roots — Redirect untreated roots supplied more than 72 hours
after harvest into other fermented cassava products or
into pods for animal feed
CCP2 | Washing cassava — Pathogenic microorganisms in the water | Hanging the washing water or water source
roots used to wash cassava roots; Notify the staff responsible for washing the roots to be
— Sand grains stuck to washed roots re-washed
CCP3 | Grinding — Pathogenic thermophilic Clean the grinders before and after use.
microorganisms from dirty or poorly
cleaned mills;
— Metals from rusty and poorly
maintained shredders;
— Toxic elements released by nets
CCP4 | Pressing — Pathogenic microorganisms in a dirty | — Repeat or continue the pressing operation by
and unhygienic pressing environment or increasing the pressure of the pressing machines during
dirty pressing bags the pressing operation;
— Cleaning the bags, rewashing the presses
CCP5 | Fine grinding — Pathogenic thermophilic — Clearn the mills before and after grinding;
microorganisms from unclean or poorly — Remove dirt and rust
cleaned mills
— Metals from rusty and poorly
maintained mills
CCP6 |Packaging — Pathogenic microorganisms from dirty |— Instruct staff to wash their hands thoroughly with
hands; soap and water;
— Contact of product with flies; — Avoid air entrance
— Dirty bags and packaging bags
Table 6
Verification procedures
CCp Operation of the unit Significant risks or quality defects Vérification
CCP1 Root reception — Rotted cassava roots; Humidity level
fresh from cassava — Damaged cassava roots
CCP2 Washing cassava roots |— Pathogenic microorganisms in the water used | Conducting a microbiological evaluation of
to wash cassava roots water samples and final products
— Sand grains stuck to washed roots
CCP3 Grinding — Pathogenic thermophilic microorganisms Microbiological analysis of the paste obtained,
from dirty or poorly cleaned mills; the surface and the interior of the mills
— Metals from rusty and poorly maintained
shredders;
— Toxic elements released by nets
CCP4 Pressing Pathogenic microorganisms in a dirty and — Repeat or continue the pressing operation
unhygienic pressing environment or dirty by increasing the pressure of the pressing
pressing bags machines during the pressing operation;
— Cleaning the bags, rewashing the presses
CCP5 Fine grinding — Pathogenic thermophilic microorganisms — Clearn the mills before and after grinding;
from unclean or poorly cleaned mills; — Remove dirt and rust
— Metals from rusty and poorly maintained
mills
CCP6 Packaging — Pathogenic microorganisms from dirty hands; |— Instruct staff to wash their hands
— Contact of product with flies; thoroughly with soap and water;
— Dirty bags and packaging bags — Avoid air ingress

3.4. Principle 6: Effectiveness of the HACCP system
on the microbiological quality of agbelima samples

Before the application of the HACCP method, small lumps
of cassava root were observed in agbelima. More the packaging
of the final product suffered from big defects of presentation.
At the end of the implementation of the HACCP system, a bet-
ter control of the milling was observed which allowed agbeli-
ma to have a fine and uniform texture. In addition, Agbelima

is packed in new variable capacity bags (100 kg, 50 kg and 30
kg). Its bags are lined inside with new polyethylene bags. The
clean packaging materials and the bags that are impermeable
guarantee the healthy nature of Agbelima and the preservation
of its nutrients, physical appearance and sensory qualities.
These packaging materials do not give agbelima any undesir-
able smell. This improves the marketable quality of agbelima
after HACCP.
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Table 7
Comparison of microbiological parameters before and after HACCP*
Total Mesophilic Flora x10° Lactic Flora x10° Yeasts x10* Molds x10*
Parameters
Samples 1-}13Xfc08> Hﬁféeép Before HACCP Hifé%P I-}?/ifcoéi) Hﬁféecrp Before HACCP Hﬁ%ecrp
AT,A, 40,83+1,44 3,93+0,31 18,20+9,01 3,05+0,24 | 2050,0+1925,5 | 21,17+£20,28 | 193,3+188,8 | 2,05+1,93
AT H 88,40+75,13 4,2742,06 | 65,33+8,08 1,667+0,91 | 3103,3£2650,3 | 33,334+23,23 | 523,3£225,0 | 1,42+0,63
AT,A, 108,0+98,55 7,27£8,46 | 13,57+9,62 3,067+2,57 843,3+310,9 51,00£25,36 | 600,0+427,2 | 3,67+£2,31
AT,H 106,33+89,79 | 8,90+4,91 | 39,33+1,42 1,100+0,49 123,3+102,1 23,33+£5,03 56,7+45,1 3,00£2,65
AT;A, 336,67+148,44 | 5,10+3,31 93,3+5,13 2,667+2,08 | 1123,3+1377,9 5,97+4,42 98,3£93,9 | 2,67+1,15
AT;H 83,0+15,72 12,00+3 40,67+5,13 6,067+0,90 |2533,3£2573,6 | 78,33+17,56 | 516,7+453,7 | 6,00+1,73
Parameters Staphylococci x10? Thgr?rllitf?ggrsant Escherichia coli Sul/f;tr(l);gz%iging Salmonella
Samples Before After Before After Before After Before After Before After
HACCP HACCP HACCP HACCP HACCP HACCP HACCP HACCP HACCP HACCP
AT1Ag 90,0£55,7 0,02+0,03 57435 3+3 15+13 <1 8+2 <1 Abs Abs
AT1H 786,7+320,2 | 0,36+0,31 37+15 242 6£5 <1 443 <1 Prés Abs
AT2Ag 1210+800,2 0,05+0,05 | 158+167 <1 17£12 <1 58+52 <1 Prés Abs
AT2H 466,7+208,2 | 0,02+0,02+ | 119+110 <1 63+£35 <1 4+£2 <1 Prés Abs
AT3Ag 290+173,5 0,10+0,09 16+15 342 4+£2 <1 47+38 <1 Prés Abs
AT3H 7366,7+5744,9 | 0,02+0,03 14+15 342 1£1 <1 13+6 <1 Abs Abs

*Notes: Not all values of the averages follow standard microbiological rules for recording results; this is to keep the power bases
common and compare the decimal base for each parameter; A=agbelima; T=technology; Ag=agrick; H=hombete; x=factor

The hygienic quality control of the various productions
of agbelima before and after the implementation of the system
has enabled to assess the health impact of HACCP on agbe-
lima (Table 7). The results obtained show a significant reduc-
tion in the number of floral loads counted.

The average loads in Total Mesophilic Flora are between
4.08+0.14.107 and 3.37+1.48.108 CFU/g before and between
3.93+0.31.106 and 1.2+0.3.10” CFU/g after HACCP, a reduc-
tion of 96.43 % of maximum load. The average Lactic Flora
corresponds to a maximum value of 9.33+5.13.107 CFU/g and
a minimum of 1.36+0.96.107 CFU/g before the application of
the system. These values range from 1.1+0.49.10° CFU/g
to 6.07+0.9.10° CFU/g after HACCP, a reduction of 93.49%
in maximum load. The maximum yeast value is 3.1+2.65.10’
CFU/g before HACCP and 7.8+1.75.10° CFU/g after HACCP,
a reduction of 97.47 % in maximum load. For Molds, the av-
erage values are between 5.67+4.51.10° and 6+4.27.10° CFU/g
before and 1.42+0.63.10* and 6+1.73.10* CFU/g after HACCP,
a reduction of 99% of maximum load. Staphylococci pre-
sumed to be pathogenic are present in all samples and their
average value varies from 9+5.57.10° CFU/g to 7.37+5.74.10°
before HACCP, then from 2+2 CFU/g to 36431 after HACCP,
a reduction of 99.99% of the maximum load. Nevertheless,
100% compliance with the normative value (less than 10?
CFU/g) was observed after HACCP for Staphylococci. The
maximum average thermotolerant coliforms went from
1.5+1.67.10% before HACCP to 3+3 CFU/g after HACCP,
a reduction of 98.10% reduction in maximum load. All sam-
ples analyzed after HACCP met the normative criterion (less
than 10 CFU/g) for this parameter. The maximum averages
of E. coli and Sulfito-Reducing Anaerobes are respectively

63+35 CFU/g and 58+52 CFU/g before HACCP. A total ab-
sence of these parameters was recorded after HACCP, a re-
duction of 100% maximum load reduction and 100% com-
pliance. Salmonella is absent from the samples after the HAC-
CP concept has been implemented.

3.5. Conformity of the system with the HACCP im-
plementation guide

The 12 steps of the HACCP approach are the top of
the radar (Figure 2). Analysis of this figure shows that only
steps E3, E4, ES, E6 and E7 are 100% compliant, followed
by steps E9, El1, E8, E10 and E2, which are 90%, 85%, 75 %,
70% and 70% compliant respectively. On the other hand, low
compliance with HACCP requirements is observed at steps
11 and 12 (E11 and E12), indicating significant deviations
in the implementation of the HACCP approach at the produc-
tion site. It is the verification and transcription steps (HACCP
manual, procedure guide, recordings) that appear to be cum-
bersome for the breeders.

4. Discussion

The different hazards are identified at each level of pro-
duction and control measures are provided when the HACCP
system is applied. The effectiveness of this system has been
evaluated through the analysis of the microbiological quality
(marketable, organoleptic and hygienic) of agbelima samples.

4.1. Conditions of personal hygiene and of the agbe-
lima production site

Hygiene on the production site and in the immediate en-
vironment is very decisive for the quality of the finished prod-
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Fig. 2. Compliance of the system with the HACCP
implementation guide

uct. It must be ensured at the beginning, during and at the end
of each production process. It has been noted that there are
inadequacies and irregularities in terms of hygiene, which do
not make either the sellers or the consumers of agbelima feel
safe. The management of garbadge and waste dirty water is
a real environmental problem. The absence of channels for
the evacuation of waste water leads to the formation of stag-
nant water points. Thus, larval gites are created and conse-
quently lead to permanent and/or temporary insalubrity. The
work of Assanvo et al (2002) [19], on the production sites of
attiekeé confirms that observations made. The result is a re-
markable presence of flies, which are real carriers of biologi-
cal contaminants such as Salmonella sp., E. coli, etc. (Robyn
et al., 1995 [39]). Furthermore, Smith (1986) [40] in his work
reported that food produced in an unhealthy environment is
susceptible to contamination by flies and domestic animals.

The poor hygienic condition of equipment related to ag-
belima production can contribute to a proliferation of epi-
phytic and even pathogenic germs. In the same way, these
conditions are sources of alteration. Indeed, several research-
ers have reported the role played by production equipment as
well as its conservation environment in contamination by
Listeria monocytogenes (Miettinen et al., 1999 [34]; Aguado
et al., 2001 [16]; Suihko et al., 2002 [41]; Aarnisalo et al.,
2006 [1]). Consumption of a product contaminated by flies
and pets causes ailments such as diarrhoea, vomiting etc.
to consumers (Smith, 1986 [40]). Non-compliance with Good
Hygienic/Manufacturing Practices is identified as a major
factor of contamination in this study.

The observations made on food safety before the appli-
cation of the HACCP concept reveal the potential sources of
contamination of agbelima. This does not guarantee product
quality assurance. However, by analysing this chain of trans-
formation of cassava roots into agbelima, the HACCP team
that was set up proposed concrete safety measures at each
critical point for the control of the entire transformation chain.

4.2. Market and hygienic quality of agbelima samples
before HACCP

The small lumps of cassava root observed in agbelima,
and the often recycled packaging materials, lead to a defect

in the presentation of the product. This alters the marketable
quality of agbelima before HACCP.

Agbelima being a fermented product, the high value of
the Total Flora cannot be interpreted as a lack of hygiene since
it is confused with that of the Total Fermented Flora.

The maximum value of the Lactic Flora corresponding
t0 9.33+5.13.107 CFU/g in the samples of Agbelima contrib-
utes to the improvement of the organoleptic qualities, acidi-
fication, stabilisation and conservation of the product. It also
improves the digestibility, energy value, nutritional, sanitary
and prophylactic quality of the food (Raimbiault, 1995 [38]).
These bacteria are the residual wild flora of cassava roots.
This flora is responsible for the fermentation process that
leads to the production of derived products (Yandju, 1994
[47]; Moorthy and Mathew, 1998 [35]).

Since the total flora counted is the same as the total fer-
mentative flora, the evaluation of the hygiene of the products
is based on the presence of E. coli and Staphylococci. In fact,
all the agbelima samples analysed do not comply with
the guide value (10> CFU/g) for Staphylococci. The high rate
of non-conformity (100%) of Staphylococci, coupled with
their large number (1.4.10° UFC/g) is due to a purely artisanal
and manual production, since this germ is a natural flora of
man (skin, hair, nostrils, mouth) and testifies to an insufficient
personal hygiene of the handlers (Lobe, 2009 [32]). The iden-
tification of the Staphylococci enumerated reveals the species
Staphylococcus aureus, reputed to be dangerous because of
its thermoresistant toxins. Compared to the presence of E.
coli, an indicator of faecal contamination, the high rate of
non-compliance (100%) recorded is due to the production
environment, in particular wind, dust and also contamination
of human origin linked to the uncleanliness of hands and
the use of soiled equipment.

As far as fungal flora is concerned, the yeasts counted
also belong to the fermentative flora of agbelima. As for
Moulds, the lowest load detected (5.67.10° UFC/g of product
analysed) is well above the normative value of 5 UFC/g of
product analysed. They come essentially from the natural
flora of the cassava roots used by the producers. Other stud-
ies have also reported their presence in food products of plant
origin (Wells, 1972 [46]; Garrido et al., 1992 [42]). The spe-
cies identified are Aspergillus flavus, Aspergillus fumigatus
which are heat-resistant mycotoxin-producing strains (Tidja-
ni et al., 2007 [43]).

4.3. Effectiveness of the HACCP system

Agbelima, obtained after the application of the HACCP
system, has a fine and uniform appearance. This product is
packed in new materials. The fineness of Agbelima, the clean
and new condition of the packaging materials improve
the market value of Agbelima after HACCP.

The microbiological quality control of the various pro-
ductions of agbelima before and after the application of HAC-
CP has made it possible to evaluate its sanitary impact on ag-
belima. The reduction of the loads in flowers after the imple-
mentation of the HACCP system shows the efficiency of
the system 98,30%. Considering the thermotolerant Coliforms,
for the 18 samples analysed at each stage, the conformity of
0% before HACCP passes to 100% after HACCP of that of
Staphylococci varying from 0% to 100% before and after
HACCP a good hygiene of the workers. The compliance of
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50% observed for Salmonella before HACCP and rising
to 100% in all samples after HACCP means that hygiene
measures have been complied with.

By obscuring the inhibitory effect of lactic flora on patho-
genic strains in fermented products (Yateem et al., 2008 [48];
Hanchi et al., 2009 [28]; Dib et al., 2012 [26]; Capo-chichi et al,
2013 [25]), the decrease in thermotolerant coliforms and staph-
ylococci and the absence of E. coli can be explained by the ap-
plication of Good Hygienic/Manufacturing Practices required
throughout the production chain (Agassounon Djikpo Tchibozo
et al., 2009 [10]; Agassounon Djikpo Tchibozo et al., 2016 [12]).

The absence of Salmonella sp. in all samples is an
indication that the handlers of the product do not suffer from
salmonella infection and that the hygiene measures were
followed. These results are in accordance with the standard
used (NB 03.06.007 [15]) which requires the absence of
Salmonella in 25 g.

The compliance with the implementation guide is 77.5%
compared to the 12 steps after the application of the system.
Improvements are still needed, especially on the registrations
and their actual updating.

5. Conclusion

This study devoted to the implementation of a quality
approach on the production chain of agbelima, allowed to es-
tablish the importance of quality tools in all companies, even
craft ones. The HACCP approach applied to the production of
agbelima has contributed to the reduction of the germs of al-
teration of the product. This study also has the merit of having
provided information that can be used to establish a guide of
Good Hygiene and Manufacturing Practices that can be used
by agbelima producers to guarantee the safety of products for
human consumption. However, the observation of precautions
in the determination of critical points, critical limits or the scru-
pulous application of procedures is not sufficient to eliminate
all the health risks to which consumers are exposed, it is still
necessary to regularly test the effectiveness of the system.
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