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Irradiation of ready meals for microbiological safety and
shelf-life extension. 1. Microbiological quality ofvaakye and
other ready-to-eat meals
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ABSTRACT RESUME

Waakyebought from the open market and 14 meals préNKeTsiA-TABIRI, J., Abu-GyamFi, A. & Owusu-Biney, A.:
pared under the hazard analysis and critical control poitradiation du plat cuisiné pour la sécurité
(HACCP) plan were microbiologically investigated. Themicrobiologique et la prolongation de la durée de
aerobic mesophilic count (AMC) (16 1¢ CFU g') and conservation en stockla qualité microbiologique de
coliform count (10 - 10 CFU g') for completewaakye waakyeet d’autes epas cuisinés Waakye(riz et haricot
meals, including macaroni, fried fish, sauce and vegetaltelisinés ensemble) acheté de la vente libre ainsi que
salad, exceeded the microbiological standards for suejuatorze repas préparés sous le critique (ARPCC) étaient
ready-to-eat mealsThe AMC (10' - 10* CFU g%) and enquetés par la méthode microbiologique. Le compte
coliform count (10 - 1 CFU g') for all the ready meals d’aerobic mésophilique (10 1¢® CFU g*) et le compte
prepared under HACCP and stored (-5 ®C) for up to 5 coliforme (10 - 10 CFU g*) pour le repas d#Vaakye
days were within the standards. Potential pathogens isgemplet qui comprenait le macaroni, le poisson frit, la
lated fromwaakyeand the meals prepared under HACCRauce et la salade de légumes dépassaient les normes
plan includedEscherchia coli, Klebsiella spp., Serratia microbiologiges pour tels repas cuisinés. Le compte
spp., andEnterobacterspp. Subsequent studies will ex-d’aerobic mésophilique (10 10* CFU g*) et le compte
ploit the potential of irradiation to eliminate pathogensoliforme (10 - 1 CFU g*) pour tous les plats cuisinés
and ensure the microbiological safety of ready-to-eat meaféparés souARPCC et conservés au froid (-5 &)

pour 5 jours étaient aux niveaux requis. Les agents

pathogénes potentiels isolés dmakyeet des repas

préparés sous le plan d’ARPCC comprenakestherichia

coli, Klebsiellaspp.,Serratia spp., andEnterobacterspp.

Les études a venir vont exploiter I'utilisation d’irradiation
Original scientific paper Received 18 Sep 03; revised pour éliminer les agents pathogénes et assurer la sécurité
30 Jul 04. microbiologique des repas cuisinés.

Introduction ization and increased use of refrigerators for food
Current trends in particularly developed countrigsreservation in developing countries, “street
suggest increasing demand for convenient fooftsods” could soon be sold in supermarkets.
such as ready meals and those that require mini-The hygienic limitations of “street foods” in
mum preparation before consumption. In Ghan&hana and elsewhere have been recognized and
the trend is the same, with “street foods” (readyeported (Mosupuye & von Hqglyt999; Bryaret
to-eat meals sold in the informal sector) playingal., 1997; RO/GHANA, 1997; Nkansah, 1996;
major role in meeting the nutritional needs of thBwanepoekt al, 1995). Ready-to-eat smoked
people (GLSS, 1988/89, 1998/99). In most devahackerel served in “chop bars” and chicken pieces
oping countries including Ghana, these readyom food service outlets iAccra have been re-
meals are prepared dailWith increasing urban- ported to harbour varying levels of indicator or-
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ganisms, sometimes as high as@BU g (Adu- vating pathogenic bacteria and parasites from food,
Gyamfi, 2000; Hayford, 1979). Organisms of pubespecially those eaten raw or minimally processed
lic health concern isolated from these foods IAEA, 2003).
cluded faecalStreptococci coagulase-positive  This study investigated the microbiological
Staphylococcus aurewahd faecal coliforms, no- quality of waakyeand other ready-to-eat meals
tably Escherichia colandShigellaflexneri Stud- prepared under HACCP from selected sources,
ies onwaakye(co-boiled rice and cowpea), aaiming at considering irradiation as a potential
ready-to-eat meal, indicated that the cooking stégatment for ensuring their microbiological safety
applied is adequate for inactivating vegetative
bacteria, but not sporesAB/GHANA, 1997). Materials and methods
Consequently Staphylococcus aweusand Samples ofwaakye(co-boiled rice and beans)
Clostridium perfringensiave been isolated fromcomplete with their accompaniments (sauce/gravy/
waakyeand gravy during 2 to 7 h holding undepepper fried fish, macaronigari and uncooked
ambient conditions, although counts did not exsalads (lettuce, tomato, onion, cabbage) were
ceed 10CFU g* (FAO/GHANA, 1997).The impli- bought from street vendors from three suburbs
cation of the heat stabilitgurvival of spores of (Dome, Madina and Haatso)A¢cra in Ghana.
the indicator bacteria, and their subsequent ger-Meals, prepared under HACCP plan, were also
mination and proliferation during holding ofbought from two caterersAltogether 14 meals
waakyeis a serious public health concern. Bewere randomly selected by the chefs after prepa-
causevaakyemay not be consumed immediatelyation and held under the normal storage condi-
after purchase, but may be held under ambietidns for hot meals (-5 to ) until they were
conditions for many more hours. Other researchellected and transported on ice to the laboratory
ers have also reported proliferation of microbefer analysis.
on ready-to-eat meals during holding (Bryetn ~ Twenty-gram portions of the samples were
al., 1997). homogenised in a stomacher (Mix RES
Before consumptionyaakyemay be reheated. Laboratoire, France) for 1 miffen grams of each
The fact that reheating reduces microbial counsemple was added to 90-ml peptone water (1 %
onwaakyeo < 10 CFU g (FAO/GHANA, 1997) peptone water + 0.5 % NaC1) and placed on a me-
might not necessarily render the food safe, espehanical shaker (Junior Orbit Shakeab-Line
cially if heat-stable toxins have already been préastruments, USA) for 30 min. Standard methods
duced by pathogens. It is imperative that meal8PHA, 1976) were used in determining the micro-
are prepared by hygienic and preventative prockiological indices ofAMC (Plate CountAgar;
dures, coupled with effective treatments for elimi©xoid, UK; incubated at 36C/48 h); general
nating vegetative cells and spores for safety asliform count (Eosin Methylene Blégar; Difco,
surance. The preparation of meals by the HACGFSA; incubated at 38C/48 h); Salmonella/Shi-
approach improves their microbiological qualitygellacount (S/\gar with Selenite Broth enrich-
The HACCP a systematic approach to hazard idement; Difco, USA; incubated at 3€/24-48 h);
tification, assessment and control, also involvesould and yeast count (Oxytetracycline (0.01%)
identifying critical control points of hazards andslucoseYeastAgar; Merck, Germany; incubated
establishing procedures to monitor these poinés 28°C/72 h).
(ICMSF, 1989). HoweveHACCPmight not en- Representative colonies from the plate counts
sure the safety of meals if the consumer does neere purified by sub-culturing and identified us-
strictly follow the recommended post-processinipg morphological characteristics and standard
handling instructions. Irradiation is widely recogbiochemical tests. The tests used were Gram stain,
nized as an effective control measure for inacttatalase, oxidase, motiljtyitrate, carbohydrate fer
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mentations, triple sugar iron, and the INIMests  such short shelf-life foods (< 1GFU g* at 36°C/
with reference to Biochemicaésts for Identifica- 48 hAMC; < 10* CFU g at 36°C/48 h coliforms).

tion of Medical Bacteria (Mac Faddin, 1980). Identification of isolates from positive coliform
plates showed th#tlebsiellaspp.,Enterobacter
Results spp., andCitrobacter freundiiwere present on
Waakyeand its accompaniments the completavaakyemeals.

TheAMC for completevaakyemeals ranged be-

tween 8.1 x 10and 1.3 x 10CFU ¢* (Table 1), Meals prepared under HACCP plan

whilst coliform count ranged between 5.8 and 9.7 The meals were held between -5 arsCdor

x 10° CFU g These values are comparable to theeriods ranging from 0 to 5 daysafdle 2). The
counts recorded for macaroni (9.6 X419.9 x 18 AMC ranged between 1.5 x2#nd 9.4 x 10CFU
CFUgY and salad (5.7 x 165.4 x 16CFU g).  g*, whilst coliform count ranged between 1.0 % 10
Lower AMC (3.9 x10 - 1.8 x 16 CFU ¢g*) and and 1.4 x 18CFU g*. One of the meals coded
coliform count (7.0 x 10 - 3.3 x 1GFU g*) were HAP-3 had no coliform colonies after 48 h incuba-
recorded fowaakyeonly. The fried fish also had tion. The presence @almonellaand Shigella
high coliform count (3.5 x ¥0 6.3 x 16CFU g'). could not be established on any of the meals, be-
Mould and yeast counts were highest on the rasause no growth of microbes was observed on
vegetable salad, but could not be detected time selective SS agar
waakyealone.AlthoughSalmonellaandShigella Identification of isolates from the meals indi-
could not be detected on any of the samples, tbated that potential pathogens includikigb-
results have serious implications because tkellaspp.,Enterobacterspp.,Serratiaspp., and
counts exceeded the microbiological standards fascherichia colivere present @ble 2).

TasLe 1 Discussion
Microbiological Counts onWaakyeand Its Accompaniments TheAMC (10*- 1 CFU @Y
on waakye(Table 1) agreed
Sample Aerobic mesophilic Coliform Mould and yeast with those reported AD/
Complete 8.1 x 10 5.8 x 10 3.5 x 10 GHANA, 1997). However
Waakye 1.3 x 10 9.7 x 10 4.2 x 10 becausewaakyeis eaten
Waakyeonly 3.9 x 10 7.0x10 ND with all its accompaniments,
18 x 16 33 x 10 ND the high T\(C (10- 1 CFU
g?) and coliform count (10
1.2 x10 6.3 x 10 8.3 10 waakye(Table 1) show the
Hydrated gari 2.7 x 160 1.0 x 10 ND microbiological quality of
1.8 x 10 3.4 %10 9.0 x 10 waakyebetter High coliform
1
Cooked 9.6 x 10 9.5 x 10 45 x 10 counts (10- 10 org g°) have
macaroni 9.9 x 10 9.5 x 10 3.8 x 10 also been reported for ready-
Vedetabl 57 x 10 65 x 10 55 x 10 to-eat chicken pieces after
egetable 7 % 5 x 5 x . . .
salad 54 x 16 65 x 10 6.0 x 10 8 h holding during marketing

under ambient conditions

A\aakye sauce, fried fish, hydrated gari, macaroni and salad.  ND - not (Hayford, 1979).

bdsteCted o _ The observed high count
ange (minimum and maximum counts) on the vegetable salad and

macaroni (&ble 1) and the
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TABLE 2
Microbiological Quality of Meals Prepared Under HACCP Plan

Meal Days holding AMC? Coliform Isolate

code (-5 to 0 °C) (CFU g} (CFU g%

HAP-1¢ 2 8.5 x 10° 7.8 x 16 Pseudomonaspp.
9.4 x 10 8.8 x 10 Alkaligenesspp.

HAP-2 3 6.4 x 10 2.0 x 10 E. coli, Enterobactespp.
7.3 x 10 3.0 x 10

HAP-3 4 2.0 x 16 ND No coliform isolates
2.3 x 10 ND

HAP-4 2 4.9 x 106 1.0 x 10 Acinetobacterspp.
5.2 x 10 2.0 x 10

HAP-5 3 1.1 x 10 3.0 x 10 Acinetobacterspp.
1.2 x 10 8.5 x 10 Serratia spp.

HAP-6 4 3.2 x 10 1.8 x 16 Acinetobacterspp.
3.7 x 10 2.6 x 10

HAP-7 4 7.6 x 10 4.7 x 10 Enterobacterspp.
8.5 x 10 7.8 x 10

HAP-8 4 49 x 10 4.0 x 10 Serratia spp.
5.4 x 10 45 x 10 Enterobacterspp.

HAP-9 5 5.6 x 10 1.2 x 16 E. coli, Klebsiellaspp.
5.9 x 10 1.4 x 16 Acinetobacterspp.

HAP-10 0 5.3 x 10 4.0 x 10 Acinetobacterspp.
5.4 x 10 6.0 x 10 Serratia spp.

HAP-11 2 9.8 x 10 25 x 10 Acinetobacterspp.
10.0 x 16 2.7 x 16 Serratia spp.

HAP-12 2 15 x 16 2.0 x 10 Acinetobacterspp.
2.1 x 10 3.0 x 10

HAP-13 4 1.4 x 10 4.0 x 10 Enterobacterspp.
5.7 x 10 6.0 x 10 Klebsiella spp.

HAP-14 2 1.1 x 16 ND Enterobacterspp.
1.2 x 16 4.0 x 10 Acinetobacterspp.

aAMC - Aerobic mesophilic count ° Actual counts for replicate tests ND - not detected

¢ Meal ingredients-

HAP-1: Fish fillet, cheese, sauce, oil, potato, spices, vegetaltlds?-8: Chicken, peppers, currgil, steamed rice
HAP-2: Deboned chicken, spices, oil, plain rice, potato HAP-9: Fish, spices, oil, potato, sauce

HAP-3: Chicken, spices, sauce, oil, steamed rice, potato  HAP-10: Eggs, salt, oil

HAP-4: Beef steak, spices, oil, potato, tomato, peppers HAP-11: Eggs, salt, oil

HAP-5: Beef steak, spices, sauce, oil, steamed rice HAP-12: Lamb, spices, oil

HAP-6: Chicken breast, spices, oil, boiled rice, sauce HAP-13: Chicken, spices, oil, vegetables, rice
HAP-7: Fish fillet, spices, oil, sauce, potato HAP-14: Biscuit, fruits, cheese, cream



Irradiation of ready meals for microbiological safety 23

fact that they reflected the high count for conventive procedures, based on the HACCP ap-
pletewaakyedeserve further investigation. Un-proach, to convert the raw food ingredients into
cooked vegetable salads have high microbial loagady-to-eat meals are important in ensuring food
unless strict procedures, including thorough wasbkafety and good public health.
ing and sanitization, are followed to reduce micro- The microbiological quality of 14 ready-to-eat
bial load while subsequent refrigeration or chillmeals prepared under HACCP plan indicated that
ing is required to control microbial growth (Farkasor all the meals, the counts recorded€ 2) did
etal, 1997; Beuchat, 1996). Discussions with anabt exceed the microbiological standards of short
observation ofwvaakyeprocessors showed thatshelf-life foods (< 19CFU g* at 36°C/48 hAMC
the vegetable salads were washed with potatdad < 10 CFU g at 36°C/48 h coliforms). These
water comminuted and displayed together withesults show the important contribution that the
other accompaniments whakyeduring market- HACCP plan can make toward ensuring food safety
ing. No effective sanitizing treatment is applied tavhen it is implemented fefctively.
the salads. Earlier studieABG/GHANA, 1997) Table 2 further shows that holding the meals at
also indicated that accompanimentswafakye 0 to -5°C controlled the proliferation of microbes.
such as salads and pepper sauce, which are mirtis is supported by the observation that HAP-
mally processed, had higher counts (AMC > 4 %0, which was analysed soon after production (i.e.,
10° CFU g% Staphylococcus aurees3 x 16 CFU 0 holding time), had highékMC and coliforms
g?, andBacillus cereus 2 x 10 CFU @'). than HAP-11, which is the same meal held (-5to 0
Direct observation ofvaakyesellers also sug- °C) for 2 daysAlthough all the meals are supplied
gested cross-contamination resulting from the useclients within 24 h of preparation, it is important
of fingers or the same ladle to serve the salads,investigate the microbiological quality of some
cooked macaroni andlaakye Although the use meals if they are held for over 24 h. The counts for
of different ladles would largely prevent crossmeals which were held for up to 5 days were also
contamination of the bulk of the meal compositesyithin the microbiological standards. Potential
this would not prevent the completaakyemeal pathogens isolated from the meals prepared un-
from being contaminated as the results of this studgr the HACCPplan (Table 2 ) included
indicate (Bble 1).The only measure for the safetyenterotoxigenic bacteria suchscoli, Serratia
of any complete meal is to ensure that each a&pp., anKlebsiellaspp. (Anon, 1996; Klipstein
companiment, especially the minimally processest al, 1977). The last two species were also iso-
such as uncooked salads, are microbiologicallgted from the completwaakyemeals. The re-
safe. Isolates from the positive coliform plates afults suggested that implementing HACCP re-
completewaakyeincludedCitrobacterfreundii, duced microbial counts substantially; however
Klebsiellaspp., andEnterobactespp.; these have some potential pathogens survived.
public health implications (Anon, 1996; Klipstein, Although the HACCP plan requires that the
Engert & Short 1977). ready meals are held at -5 t®°© to suppress
The poor microbiological quality of many streegrowth of survivors, they could proliferate if the
foods might result from the combined effect omeals are subjected to temperature abuse such as
using ineffective sanitary procedures to prepackiring power outages. It is necessary to adopt
uncooked or minimally processed foods, post-prgrocesses and technologies which can eliminate
cessing contamination, and long holding undgmotential pathogens from prepared meals and im-
conditions which enhance proliferation of microprove their microbiological safetyrood irradia-
organisms. Improving sanitary conditions undefon is a proven technology for eliminating patho-
which ‘street foods’ are prepared and marketegens and ensuring food safety
and assisting stakeholders to adopt effective pre-
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Conclusion Chibiya, H. (1997) Hazards associated with hold-
The microbiological count on all samples of ing and reheating foods at vending sites in a small
waakyebought from the open market exceeded town in ZambiaJ. Fd Prot.60, 391-398.
the microbiological standards for such short sheffAQ/GHANA (1997)Suwvey on the séet food situa-
life foods. Although microbiological counts on tion in Ghana(SFSIG), pp. 41-50.

. Farkas, J., SarayT., Mohacsi-Farkas, C., Hoti, K.
meals prepared under HACCP agreed with the reg- & Andrassy, E. (1997) Efects of low-dose gamma

uisite microbiological standards, the potential |agiation on shelf-life and microbiological safety of
pathogens identified on some meals is notewor- precut/prepared vegetableAdv Fd Sci.(CMTL)
thy. Potential pathogens need to be eliminated 19 (3/4), 111-119.

from waakyeas well as ready meals prepared ursLSS (a) (1988/89) Ghana Livingt&hdards Survey
der HACCPto ensure their microbiological safety ~Ghana Statistical Department.

Radiation processing is a proven technology f&LSS (2) (1998/99) Ghana Livingténdards Survey

PR : Ghana Statistical Department.
liminatin ntial pathogens, but has no ad- S ,
€ ating potential pathog g}ayford, G. (1979) The micobiological quality of

verse effects on nutrltlongl anq sensory quality cooked chicken pieces on sgB Sc Dissertation).
rpeals: Supsgquent ;tu@es will exploit the poten- University of Ghana.
tial of irradiation to eliminate pathogens and enaga (2003)Radiation processing for safe, shelf-stable
sure the microbiological safety of ready-to-eat and ready-to-eat foadlAEA-TECDOC-1337,
meals. Vienna.
ICMSF (1989)Microorganisms in foods. 4. Applica-
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