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ABST'RACT 

A microbial profile oftdr, fbods in Ghana inclhding smiloke 
dried herrings, salt dried tilapia, salt dried trigger fish, gari, 
kokonte ald okra was evaluated. Okra had the highest aerobic 
count ot 42 x 10". ftollowed by kokone 16-2) x 10'. snoke 
dried herrings 0.2-4 x 10' , salt dried tilapia 3-4 x 10 , salh dr*d 
trigger fiish 3- 44 x I02 and gar i 3-34 x 102. Anaerobic cOItit was 
low for all the xstlmpies cx,cept sn oke dried herrings 7-9.f, x 10-. 
DiffTrences in mold couint was noi evident ranging iroli 2 x i()2 
to 39 x 10' rirall samiples. As.'t'cli,'t.s aiid Icnici!litn were the 
predominant itnolds. Coliforn count was low for sail dried fish 
and gari, but higher for ,inuoke dried herrings 2-25 x 102, kokonte 
11-29 x 102 aid okra 31 -47 x I102. 

Ghana, a tropical country in West AfIrica, lies on tile 
Gull' of' Guiniea. F:oods are st'ficicnt during the rairly sea-Gof ut ia. shotages eLxpfciet se-s ood are riigteranyd 
son but soniet ies, fo sitrt ages ar c eperiericed drr-
irg the dry season bcause of lack of adequate meatns of 
preserving food (4). Only a small variety of' foods grown 
or produced are processed. The most colmllon nietlhod of 
preserving food is still ryit . Fish, :.r inm portant source 
of animal protein, is pre~served either by ;ioke (iryitng, 

un drying. saltinig or a cornhinaticii of thliese methods 
(6,7). Smoke dried herrings, salted til.dpi a, trigger f'ish, 
oyster aid shrimps are dri,,d seal'oods comimotily seen ill 
tile market. Cassava, tlne maj~or taplc in Wes;t Africa. is 

a perishablvcrop wiich is coatnly Frocsct itto two 
prod icI: gariiarid kokorite. Gar i i: iade by peeling t~-
sava followed by grating, fernienting and drying while 
kokonte is made by pcelii,g cassava, sun drying and 
grinding it into flour (5). Okra, a common vegetable in 
Ghana, is sometimes dried and used iti soup. Vhcre is no 
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large 0ood industry, and processing of these dried products 
does not take place in villages. The microbiological quality 
of these products h:cs not been tloroughly studied. Limited 
data are available on the microbial qaality of dry loods sold 
in the market in Ghana. The present work was therefore con
ducted to survey and evaluate the microbial quality of dried 
fish, cassava and okra which are comnmooly co:rsumed in 
Ghana. 

MATERIA. At) M'IIHOI)S 

Sanplce C:lc'ction 
Three types of fish, smoke dried herrings (Sardim'lht spp. 

which I:,called "llerrings" ill Ghana), salt dried trigger fish and 
salt dried tilapia: two cassava products. gar and kokonte, and dryokra, were collected and miiicrobi at quoatlity de~termitied.A ,wr olce n ncoilculi eemnd

One hundrcd kg each of freshly caught herrings, trigger fish 
and til tpia were prchased at Iltina and Chorkor, two fishing 
vi lages in (Itana. IHerrings were stmoke ericdwhile trigger fish 
and tilapia were salted, then sin dried. Arrangements wer," made 
with villaers to process Ihese hatches along with their regular 
itUa tiliCs and store Ihen tier the sarie local conditions. Simfilar 
procedures were used to procure other fIood samples. About 20 kg 
each of fieshly repared gari and kokonte were purchased fronm 
cassav a processors at Ada, orne of the inajor cassava prod(rction 
rcgits, in (hiti . Gari and kokonte samples were stored under 
Iocal vi!lages condilions at Ada for 4 1/2 n;onihs. Five kg of okra 
were sin--ited tlhen stored at tile Food Research Institute, Accra,at room ternperatur for 6 i(ltis. 

Saripling wts perl'orntod by scientists att the Food Research 
Institute, Accraa at 3 an 16 trionth intervals for salt dried trigger 
fish, tilapia and sriio :c dried herrings. Gari, kokonte and kra 
were saiplte(: at 3 and 4 1/2 nvniths. Pre-sterilized saniipling bags 
(Fisher Scientific, Norcross, GA) were used for sample storage. 
Quadruplicate samples were collected for each food item. The 
si;nlnpl's w':e shipped inunediately to tile Food Science and 

Nutrition Laboratory, "l'tskegee University, "l'uskegee, Alabama 
by air (about 20 Ii flight lirle at 20-25C) for analysis. 
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Sample Preparation 
One g sample weighed under aseptic conditions was added 

to 99 ml dilution buffer (pll 7, 0.05 M phosphate) and serial 
dilutions were made. Duplicate analysis was nade for each 
sample and each dilution consisted of two plates. Analyses were 
repeated with some samples until consistent results were o)-
tained. Diluted samples wt:, pipetted into petri-dishes. tico 
plate agar medium poured in the petri-dish and ixed thor
oughly with sample solutions for aerobic plate counts (I). The 
plates were incubated at 30"C for three d. Anaerobic plate counts 
were made by incubating the plates in an at irobic jar for three 
d at 30"C'. Gas-Pak (I1I. product. Cockysville. NIl) was en1-
ployed to create anaerobic conditions. For mtolds, l)ifco's polato 
dextrose agar was emphoyed. The agar mediul was acidified to 
p1l3.5 with I(114 citric acid. The plales were incubated alroom 
temperature for 4 d.t)ifco'sviolet red bile aLear was used to count 
coliforms. An overlav was enployed. The platcs were incubaled 
at 35-37C fol24 h.A Quebec colony counter was ctliployed to 
count tie number of colonies in tile Results ex-plates. were 
pressedt as the number of nicroorgaul istus per salmple.-,, Identifi
cation of mlolds was made by nticriscopic obse'rvation. 

RI:SULITS AN) DIS('SSION 

The results of nicrobial analysis are sunnuiarized and 
shown in Table I. Conipa. i:in of dry fish products indi-
cated that the iicrobial counts were erca,.r for smoke dry 
herrings than for salt dried tilapia and trigger fish. The 
snoke (tried herrings were positive to both anaerobic and 
coliforni counts whereas salt (tried tilapia had low anaero-

"TABLE I. ,ilitrohi/ Ilcout.A (/ /lods..om Gh,,,. 

Sample Storage Aerobic 
Inonth Count 

Smoked 3 Ratge 2-1) x I(P
herrings Mean 4 x 10' 

6 Range 2-60 x 102 
Mean 22 x 102 

Salted try 3 Range 10-59 X I0)
trigger fish Meal 3 x 102 

6 Range 30-59 x I02 
Mean 44 x 102 

Salted dhy 3 Range 22-37 x 10: 
tilapia Mean 30 x 102 

6 Range 2)-98 x 102 
Meanu 44 x 102 

Gari 3 Range 2-8 x I(P 
Mean 3.4 x 10)

2
4 	Range 2-5 x 10
Mean 3 x It0 

Kokonte 3 Range 12-30 x 101 
Mean 16 x 101 

4 	 Range 13-25 x 101 
Mean 20 x 10.1 

Okra 3 Range 36-55 x I) 
Mean 41 x 10" 

6 Range 36-52 x 1011 
Mean 42 x 10, 

No. of organisn/g satmple.
2 Time of storage tinder local condition at processor's place. 

bic count and salt dried trigger fish had low coliform count. 
It appears that microbial counts are generally low in salted 
d'ied fish. The use of salt at high concentrations and dehy
dration might have prevented the growth of anaerobes and 
co!iforns. Anaerobic plate count may include anaerobes as 
well as facultative anaerohes such as lactic acid bacteria 
and Escherithia co/i. The effect of storage time on micro

bial cots of dry fish were not cear. Only aerobic counts 
of smoke dried herrings decreased after storage of si, 
tlonths. 

Microbial counts of cassava products especially that of 
gari were low. Both anaerobic and coliforOl Counts were
 
lower than that of kokonte. The developineid of acidity as
 
a result of fertmentation ni.,ht have discouragtd Ile
 
growth of anacrobes andLI coliforns. Gari samples analyzed
 
illthis Study appeared to have a low n icro[hiaI population.
 
The microbial counts v/ro sIghtly greater for kokote
 
when compared to an . The kokonta samples were also
 

positiveclear. Theto coliornis. Tie effect of Storage time was notstorage time difference between three and four
 
and i ialf ionths ia.y not be long enough to exhibit
 
significant diffe'rence anorig kokonle and gari sanlpies.
 

Ationg the sanples analyzed illthis study, okra had 
the highest nunbcr of mnicroorganismv in(ticating a poor 
microbial tluality of this product. Tho reason ay be that 
okra contains high levels of pectin and other polysaccha
rides that aike it viscous, sticky ;ind hard to dry. Okra 
which is exposed to the environment might become highly 

Anaerobic Mold Colifo-Il 
C0111ttCount Count 

0-26 x 102 1-63 x 102 0-91 x 102 
9 x 1W 	 16 x 102 25 x 102 
(-25 x 10' 1-52 x 102 1-6 x 102 
7 x 102 	 15 x 102 2 x 102 

< 102 2-66 x 102 <102 
<102 28 x 102 <10; 

0-I x I0 2-56 x 102 <102 
0-5 x 1(2 22 x 102 <102 

<102 1-3 x 1I0 0-I_ X 102 
< 02 2 x 102 0.5 x 102 
<102 1-2 x 102 0-1 x 102 
<102 	 1.5 x 102 0.5 x 102 

<f102 	 1-8 x 102 <102 
<102 	 4 x 102 <102 
0-2 x 102 0-2 x 102 <102 
I x 102 	 0-5 x 102 <I1)2 

<IC 2 2-10 x 10' 4-22 x h); 
<102 6.5 x 1( II X 102 -
<I() 6-22 x 10 10-69 X I)
<If! II X I) 29 x 102 

<102 32-53 x 1(2 40-55 x 102 
<I() 39 x 102 47 x 1() 

-
<10' 30-56 x 10' 22-47 x 1)2 
<1()2 39 x 10' 31 x 102 
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contaminated because of the longer drying time required, 
Coliform count is used to determine lactose fermentating 
bacteria such as E. colt alnd tnteobacter aelogenes. It is 
not clear why kokonte and okra had a relatively high 
coliform count while their anaerobic plate count was low. 
It 	 nmy be that the samples analyzed contained larger 
numbers of other lactose fermenting bacteria which do not 
grow well under anaerobic conditions, 

In order to reduce tilemicrobial load, drying condi-
tions should be improved. Highwr temperatures or better 
ventilation may reduce drying titme. Use of screens (luring 
drying to prevent insects such as flies rrom gathering on 
okra may also pre veit containnation. 

In this study only mold colonies were counted because 
few yeast colonies were f~tolld illall ilhe samlples analyzed. 
predonllin ant t ypes of mlds weere ,.1cT' o m.n t)('nII-
fium species. (enerally niold counls were no high for 
cassava and fish products. They did not slhiw any defilnite 
correlvtion with location and storage ihle for all tile 
sam ples analyzed. Tie reaso i may he hil ft.ods prepa red 
a' 	 villages are not aseptically packaged. They are uSual Iy 
kept in ba.skes lilt canlls or illpaper bags loosely covered 
with tree leaves or newspaper ild stoed ittlder ait openl 
en vo il lI t. ti e refore foods are tn l cted trout mold 
spores in tie air. 

Smoke dried herrings are tnie of the IIst poptular flood 

McAllister et al., ,., 65,ont,11 1,, 
I)IS(IUSSIM)N 

The preceding data support !le applicability of Petri-
film methods for microbial lonitoring in poultry process-
ing ftcilities. 

Petrifihni methods were tested side by side with con-
vent ional plating 0,;i d s ill a poultry processing plant 
using actual sanipies dluring tileprocessing operation. 
Methods included swabs of carcasses and rinsing of 
pieces. No difference was seen between the Petrifilh alld 
co-ventioial ntethods for etllneration of' total bacterial 
populations. AIth1o1tngh,1 there was little coliltrnl ctll tillina-
lion, nio trends were seen in tie ability of either inelhod to 
detect colifornis that were present. These were naturally 
Colltalinated salples. 

Much of the microbial monitoring is doie oIn"fin-
ished" poultry p;'oltIs, i.e.. those that have been further 
processed and have been breaded. prc ooked, anl/or fro-
zen. Because these products have been processed, .iey 
have very low levels of inicrobial contamination and we 
were unable to obtain naturally contaminaled samples. In 
order to demonstrate that Petrifilin nethods would detect 
microorganisms oin these samples, if' tlhey present,were we 

demonstrated the efficiency of recovery of a variety of 
mnicrorganiss that might be found as atural contami-

nants. A pseudomonas was tested as allexample of a gram 
negative spoilage organism; staphylococcus was an ex-
ample of a gram positive organism that could pose a 
safety hazard. Hafnia and an entcrobacter were two ex-
amples of non fecal-coliforms. Organisms were inoculated 
into the chicken products at different levels, and held 

items in Ghana. The results of our preliminary study 
showed that it had relatively high levels of anaerobic and 
coliform counts. Further study is needed to determine the 
presence of Clostridium htotiintm type E and other patho
genic bacteria. Tie former is often implicated in the out
break of botulism in seafoods (2,3). In order to improve 
microbial quality of smoke dried herrings, methods of 
handling of fish, smoke drying temperature and time, as 
well as storage condition of herrings need to be investi
gated. 
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overnight in the refrigerator to sinltlate the stress the 

organisl would see in tile food product. There was no 
difference in efficiency of recovery of these otganisms by 
either Petrifilim or conventional methods. 

The ease of use, performance anl versatility of the 
Petrifihninethod makes it an attractive alternative for 
lonitoring tlicrobial levels in iultry processing facili

ties. 
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