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ABSTRACT RESUME

The effect of storage time on the microbial quality of Apu-Gvawri, A.: Effet de la durée de stockage sur la qualité

some spices and dried seasonings (SDwvadawa  microbienne de quelques épices et les assaisonnements

pepper, ginger, shrimp and fish powders) was studiegé¢chés. L'effet de la durée de stockage sur la qualité
over a 12-month period. Microbial load and profile of microbienne de quelques épices et les assaisonnements
irradiated and unirradiated SDS were assessed at 0, 6 aggchés (EAS)dawadawa,le poivre, le gimgembre, la
12-month periods. The range of total variable countgrevette et la farine de poisson) étaient étudiées au cours

(TVCs) were initially determined at 0.81-4.53 and 4.65-d'une période de 12-mois. La quantité et le profil

8.51 log, cfu g* for irradiated and unirradiated SDS, microbient de EAS irradi¢ et non-irradié étaient évalués

respectively; those for mould and yeast counts (MYCshu cours de périodes de 0, 6 et 12-mois. La variation de

were determined at 0-1.74 and 1.55-3.35 |agu g%,  quantités viables totales (QVT) était au départ déterminée
respectively Generally TVCs were not significantly 3 0.81-4.53 et a 4.65 - 8.51 lpgfu g* pour EAS irradié
affected P<0.05) by the 6 and 12-month periods, butet non-irradié respectivement, et celle de quantités de

MYCs were significantly reducedP&0.05) after the moisissures et de levures (QML) était déterminée

storage periods in some SDS. Microbial profile, mainlyrespectivement & 0-1.74 et 1.55-3.35 Jocfu g*. En

dominated by Bacillus spp., Lactobacillus spp., gémeral, QVT n’étaient pas considéblement influencées

Clostridium spp., Aspergillusspp. andPenicillium spp., (P < 0.05)par les périodes de 6 et 12 mois, mais QML

was stable after the 6 and 12-month periods for all thgtajent considéblement reduiteB € 0.05) aprés les

SDS. However, the profile was consistently more diverspériodes de stockage de quelques EAS. Le profil microbien

on dawadawa pepper and ginger powders. No adverseurtout dominé paBacillus spp., Lactobacillusspp.,

change in microbial quality of irradiated and unirradiatedC|ostridium spp., Aspergillusspp. etPenicillium spp.

SDS was observed at the end of the storage periods. était assez stable aprés les périodes de 6 et 12-mois pour
tous les EAS. Le profil était cependant invariablement
plus divers sudawadawa le poivre et la farine de
gimgembre. En général, aucun changement négatif de la

Original scientific paperReceived 1 Aug 04; revised 17 qualité microbienne de EAS irradié et non-irradié n’était

Mar 05. observé a la fin de périodes de stockage.

Introduction million tonnes of which 95 per cent was produced
Spices and herbs consist of dried leaves, flowers) developing countries (IKinson & Gould,
buds, fruits and bark or rhizome of various plants1996; Pearson, 1976; Eiss, 2001; CBI, 1999). These
Spices and herbs, together with dried seasoningsroducts are widely used, especially in the
serve as condiments that contribute immenselyndustrial and catering sectors that account for
to the odour and flavour of foods. Their essentiabver 60 per cent of the usage in developed
oils also have anti-bacterial properties that haveountries.
been used in preserving foods. The total world The most important quality attributes of
production of spices and herbs in 1997 was 4.8pices, herbs and dried seasonings (SHDS) are
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their cleanliness and flavour properties. Thespecome contaminated with pathogens such as
qualities are influenced by their source and originClostridiumspp.,Bacillus spp.,Staphylococcus
chemical nature, and processing conditionspp., Salmonellaspp., Aspergillusspp., and
(Kneifel & Berger, 1994; Lewis, 1984; DeBoer Penicilliumspp. ( Kneifel & Beger, 1994; Farag,
Speigelenberg & Jansen, 1985). The increased usgiz & Attia, 1995; CAST1996).

of SHDS, especially in most freshly cooked and  Analysis of locally produced SHDS has shown
processed foods, has heightened concern foigh unacceptable microbial counts for un-
their sanitation (Fig. 1Aside insects, extraneous irradiated products (TVC, <1.7x%0MYC,
matter and defective materials, national ane1.5x1@ cfu g?) and low acceptable microbial
international hygiene standards further indicateounts for irradiated products (TVC, <2.9%10
they should not contain pathogenicMYC, <5.0x10 cfu d) (Adu-Gyamfi, 2000).
microorganisms; and that total viable countBacillus cereusndStaphylococcus aurelisve
(TVCs) must be lower than 4€fu g*, and mould  been isolated from pepper sauce and khebab
and yeast counts (MYCs) less tharf dfd g*  spices mix of some street foodsA@®/Ghana,
(Lewis, 1984, Ghanat&ndards, 1997). However 1997). They can, therefore, serve as possible
like most agricultural produce, they frequentlyvectors for various microorganisms which cause
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Fig. 1. Distribution channels for spices, herbs and dried seasonings.
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quality and shelf-life problems in foods andand, therefore, improve the counginternational
subsequent health problems for consumers. trade in agricultural commodities.

Treatments used by the food industoyer The objective of this study was to assess the
the years, to decontaminate SHDS includenicrobial quality of some locally processed spices
fumigation with ethylene or propylene oxideand dried seasonings and how storage time
(Gephardt, 1990), ozone (Zagehal, 1992), affects the quality of these products.
saturated steam (Brulhart, Gysel & Emch, 1986),
and gamma irradiation (Farkas, 1988; Sharma, Materials and methods
Padwal-Desai & Najr1989).While losses of Experimental design
colour, flavour and aroma properties as well agive locally produced spices and dried
chemical residues have rendered some of theseasonings (SDS) submitted for contract
procedures unacceptable, irradiation has bedmadiation by producers at the GTC of GAEC were
proved to be an effective decontaminatingused in the studifrhe SDS were the dry powders
process that also preserves the sensory aofipepper fish, shrimp, ginger andasvadawa
organoleptic qualities of the products (FarkasTen grammesf each SDS were collected before
1988; CAST 1996;Ahmed, 1991; IAEA, 1992; and after irradiation and stored in sterile screw-
ASTM, 1998).About 70,000 tonnes of thesecapped universal bottles under ambient
products were irradiated worldwide, and 60,000aboratory conditions. For each sample, microbial
kg irradiated locally at the Gamriachnology load and profile were initially determined and
Centre (GTC) of Ghanatomic Enegy further determined after 6 and 12 months.
Commission (GAEC) in 1999 (Adu-Gyamfi, 2000).

Spices, herbs and dried seasonings aleradiation treatment
products marketed in the dried state and as such Twenty grammes of each sample were packed
go through long storage or retail periods or bottin polythene bags and irradiated at a dose of 25
Wide variations have been observed in produ®#Gy from a®Co source at a dose rate of between
quality, which have been attributed tofdifences 0.112 and 0.128 kGy'tat the GTC.
in initial bioburden and processing methods used
by local producers. On analysing a total of 12Microbiological analysis
samples, wide variations of 4.0¥10Q.7x1¢ and One gramme of each sample was added to 10-
0-1.5x10 cfu g* were reported for total viable ml peptone water (1 % peptone water + 0.5 %
cells, and moulds and yeasts of unirradiateMaCl) and placed on a mechanical shaker (Junior
products, respectively (Adu-Gyamfi, 2000).Orbit ShakerLab-Line Instruments, USA) for 15
Because effective control is lacking over producinin. The mixture was then left for about 5 min to
storage characteristics such as moisture conteafjow the coarse material to settle down.
packaging, temperature, and humidity in the locallicrobial load was determined on the
SHDS industryit is essential that the microbial supernatant, using standard decimal dilution and
quality be monitored to detect any possiblglate count methods (APHA, 1976):
adverse changes. This could help in detecting 1. Total viable cells were estimated on Plate

deterioration in microbial quality during storage CountAgar (Oxoid, UK) at 36C for 48
and in estimating shelf-life accurately in the local h.

SHDS industryProduction of high quality SHDS 2. Moulds and yeasts were estimated on
would specifically improve catering services and, Oxytetracycline (0.01 %) Gluco¥easts
therefore, boost tourism in the countitywould ExtractAgar (Merck, Germany) at 28

also help local producers and exporters meet strict for 3 days.
hygienic standards and quarantine requirements 3. Coliforms were estimated a&fiolet Red
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Bile Agar (Merck, Germany) at 3€ for Results
48 h. Microbial counts
Representative colonies from the plate countd/ith the exception of unirradiated ginger powder
were purified by sub-culturing and identifiedthat had lower counts, the TVCs of all the SDS
using morphological characteristics andwere not significantly affected(< 0.05) by the 6
biochemical tests (Gram stain, catalase tesand 12-month storage periodsafle 1).The
oxidase test, motility test) with reference torange of the TVC for the irradiated SDS varied
Bemgeys Manual of Determinative Bacteriology from 0.81-4.53 to 1.01-3.76 Iggfu g*, and that
(Buchannan & Gibban, 1974), and general fungdbr the unirradiated SDS from 4.65-8.51 to 4.10-
flora according to the key of Gilman (Gilman,8.36 log, cfu g* after the 12-month storage period.
1957). No coliforms were detected in the samples.
Generallythe MYCs for the irradiated and un-
Statistical analysis irradiated SDS were very low after the 12-month
StatisticalAnalysis ofVariance with Fishes  storage period @ble 2).With the exception of
pairwise comparison was applied to the datajawadawapowder the counts of the irradiated
using the Minitab computer software. SDS were not significantly affected € 0.05) by
the storage periodélso, with the exception of

TABLE 1

Effect of $orage Tme on ®tal Mable Counts of Some Spices and Dried Seasonings

Storage time Microbial counts

(months)
Dawadawa Ginger Fish Shrimp Pepper
0 2.95 (8.5 4.53 (8.04) 1.40¢ (4.659) 2.36' (4.68) 0.812(6.809)
6 1.312(8.479) 3.55(7.70°) 0.77 (3.65%) 2.812(3.969) 1.242 (7.4 19
12 1.39(8.36) 3.762(7.14°) 1.013(4.86%) 1.52 (4.109) 1.882 (7.159)

Values for unirradiated spices and dried seasonings are in brackets
Counts are expressed as |pgfu g*. Each value is the mean of three replicates
Figures in a column bearing the same superscript are not significant at 5 %

TABLE 2

Effect of ®rage Tme on Mould and east Counts of Some Spices and Dried Seasonings

Storage time Microbial counts

(months)
Dawadawa Ginger Fish Shrimp Pepper
0 0.87 (2.14) 1.74(3.35) 0.33(2.55) 0.572 (1.729 0.002(1.55)
6 0.000 (0.33) 0.67 (1.00°) 0.00* (0.00) 0.49 (0.67 0.33(1.79)
12 0.00 (0.00°) 0.72(0.72) 0.00* (0.00°) 0.69* (0.33) 0.43 (0.00°)

Values for unirradiated spices and dried seasonings are in brackets
Counts are expressed as |ogfu g*. Each value is the mean of three replicates
Figures in a column bearing the same superscript are not significant at 5 %
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unirradiated shrimp powdghe MYC for all the Discussion

unirradiated SDS were significantly reducBd( One of the major constraints of the spice and
0.05) by the storage periods. Moulds and yeasi&rb industry is difficulty in attaining consistency
were not detected in the powderdafvadawa in product quality due to crude methods of
fish and unirradiated pepper at the end of the 1processing. The total number of microorganisms

month storage period. in commercial spices generally range front 10
tolCcfu g* (i.e. 5.0 - 8.0 log cfu g*) (Kiss, 1982;
Microbial profile Grecz, 1986). Previous work on SDS at the GTC

Fig. 2 shows that pepper amdwadawa indicated a TVC range of 2.60 to 8.23 Jogfu
powders had a more diverse microbial profilgr* and that of MYC as 0-4.17 lggcfu g* for
compared to fish, ginger and shrimp powders farnirradiated samples (Adu-Gyamfi, 2000). These
unirradiated powdersAspergillusspp., and compare well with the range of 4.65 to 8.51 Jog
Penicilliumspp. were the dominant moulds whilecfu g* (TVC) and 1.55 to 3.35 Iqgcfu g* (MYC)
Bacillus spp., Lactobacillus spp., and recorded in this studyhe consistently low levels
Clostridiumspp. were the bacteria contaminatingf moulds have been stressed in other works that
SDS (Table 3).Though some diérences were have indicated spices to be poor substrates for
observed in the microbial profile of the SDS aftefungal growth and subsequent mycotoxin
the 6 and 12-month storage periods, no patteproduction (Madhyastha & Bhat, 1984).
could be deduced. Compared to the unirradiated The effectiveness of ionising radiation in
SDS, the irradiated samples had few types o&ducing microbial load in SDS is well documented
contaminants. No coliforms were detected in théarkas, 1988; Sharnet al, 1989). Irradiation
samples. doses of 10 to 20 kGy reduce TVC to acceptable

national and international levels of <1¢fu g*

NO. OF ISOLATES

0 month (I) 0 month (V) 6 months (1) 6 months (U) 12 months (I) 12 months (U)
STORAGE TIME (MONTHS)

O DAWADAWA m GINGER O FISH O SHRIMP m PEPPER

| = Irradiated U = Unirradiated
Fig. 2. Numbers of microbial isolates of species during storage.
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TABLE 3

Microbial Profile of Some Spices and Dried Seasonings During Storage

Microorganism Spices and dried seasonings

Dawadawa Ginger Fish Shrimp Pepper

0 month/Control

Aspergillus niger |
Aspergillus versicolor

Aspergillus tamari

Aspergillus candidus

Penicillium oxalicum

Penicillium cyclopium

Rhizopusspp.

Cladosporium herbarium

Yeasts

Bacillus spp. |
Lactobacillusspp.

Clostridium spp.

" o O n o
O O O

S 000 O 00 O
[ ] [ ]
(R &
[ ]
&

6 months

Aspergillus niger

Aspergillus versicolor

Aspergillus wentii

Penicillium cyclopium

Rhizopusspp.

Cladosporium herbarium

Yeasts |
Bacillus spp. |
Lactobacillusspp. | o | |
Clostridium spp. "o o

GO0 OO O
[ ]
SO0
[ ]

[ ]

&

[ ]
SO0 OO0

12 months

Aspergillus niger

Aspergillus versicolor

Aspergillus tamari

Aspergillus wentii

Penicillium cyclopium
Geotrichumspp.

Rhizopusspp.

Cladosporium herbarium

Yeasts |
Bacillus spp. |
Lactobacillusspp. | | |
Clostridium spp. |_IReY o

GO O 000 O
[ ]
&

&

[ ]

¢ 0

[ ]
OO0

B present in irradiated sample
< Present in unirradiated sample
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(i.e. 4.0 log). This treatment, although almost(Table 3). Coliforms and yeasts are rarely detected
equal to other commercially establishedn spices and herbs, whilst mould contamination
processes including fumigation, is superiois low (Kneifel & Beger, 1994) This fact has been
because it leaves no residue in the products. THegbstantiated by the results indicating absence
study has further confirmed irradiation as ar®f coliforms and negligible presence of moulds
effective process in reducing the microbial loadnd yeasts. The absence of coliforms eliminates
of SDS to reasonably low levels of 0.81 to 4.53he threat of potential faecal contamination that
log,,cfug' (TVC)and 0 - 1.74 logcfu g* (MYC). could cause serious quality problems. However
The effect of irradiation is also showed by theunirradiated powders afawadawa pepper and
relatively less diverse microbial profile of theginger consistently had high TVC and relatively
irradiated SDS compared to the unirradiated SD&ore diverse profile throughout the storage
(Fig. 2 andrable 3). periods. The observations necessitate the use of
The storage time of up to 12 months did nodecontamination methods such as irradiation to
affect TVC in the SDS, except in ginger powder iimprove the quality of the SDS.
which the TVC was reduced at the end of the Although most contaminants persisted in the
storage period. The latter observation was alseDS during the storage period, the microbial
recorded in MYC in unirradiatedawadawa profile and counts were not significantly affected
ginger, fish and pepper powders which hadafter 12 months. This might be attributed to
reductions after the storage periods. Becaugavourable interaction of storage factors such as
these findings were observed in irradiated anthe nature and age of the product, temperature,
unirradiated samples, they cannot be attributdaumidity and, most importantlypackaging.
to the process of irradiation. They could possiblyffective packaging prevented re-contamination
be due to the interplay of factors such as thia this studyThese findings are of practical value
nature and moisture content of the productsind could assist producers in long-term storage
storage temperatures, and humidity or sensitivitgs well as in estimating expiry dates accurately
of detection methods. which is an important shelf-life parameter of SDS
In their natural state, spices and herbs contain Ghana.
many microorganisms that can spoil foods.
However some also contain specific anti- Conclusion
microbial components such as anethol, eugen8lpices and dried seasonings harbour many
and thymol that can reduce potentiabacteria and fungiincluding potentially harmful
contamination levels of foods (Aktug & organisms. The level of contamination, which is
Karapinay1986) The predominant bacteria founddependent on their origin, processing and
in spices and herbs are mainly the aerobichemical nature, is high fatawadawa ginger
sporeformers such aBacillus cereus, B. and pepper powders. Irradiation is an effective
polymyxa, B. macerans, B. megateriiangB. way of decontaminating these products and
sphaericusas well asClostridiumspp., whilst should, therefore, be integrated into local
the fungal microflora mainly consist of processing protocolsAlthough the microbial
Aspergillusspp.,Penicilliumspp., andRhizopus quality of these products is stable for storage
spp. (Antai, 1988; Julseth & Deibel, 1974; Schwalperiods up to 1 yeait is necessary to ensure
etal, 1982). suitable temperatures and humidity as well as
This study has also confirmé@hcillus spp., effective packaging. Ensuring consistency of
Clostridiumspp.,Lactobacillusspp. Aspergillus  quality is vital in sustaining the spice industey
spp., andPenicillium spp. as among the potential agro-based sector that can boost
dominant microbes contaminating local SDSshana'’s agricultural production and exports.
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