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Abstract: The effects of storage methods on the shelf-life of dried beef product (Kilishi) were studied under
ambient conditions for a period of forty-two days to compare traditional production and packaging system with
a potassium sorbate (anti-fungal agent) treatment and modern packaging system. Changes in proximate
composition and microbial counts for the control and treated samples were significant. Moisture and water
activity results indicated that the experimental kilishi was sufficiently dried to minimize microbial growth. Fat
oxidation levels measured by percent free fatty acid (FFA) on extracted fats were unacceptably high and may
be a reflection of the quality of peanut cake paste added as a condiment in dried beef processing. A decrease
in mineral nutrient of kilishi was also observed.. Results suggest that treatment of kilishi with 10% (w/v)
potassium sorbate led to low and acceptable level of mould growth during the storage period, indicating that
kilishi is not susceptible to excessive mould contamination. Aflatoxin levels far exceeded recommended safe
limits and may be due to the peanut cake paste used as a condiment.
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INTRODUCTION There  are  many  methods  used to prepare dried

The main method of meat preservation transferred by the sun, as in the manufacture of Pemmica by North
the medieval Arabs in the 12th century was that of sun America Indians, or a combination of salting followed by
drying [1]. A variety of traditional products have been air drying, as in the preparation of Charqui in South
developed that rely on the interaction of preservation America and Biltong in South Africa [3]. The dried beef
techniques  involving  a   restriction   of   water  activity product Kilishi is a delicacy in Africa equivalent to
by  drying,  use  of  salts  and sugar to further control Pemmica and Charqui.
water activity  and  to  act as selective inhibitors of Kilishi  production  and storage under conditions
microbial and enzymatic action and use of spices to free of microbial activity has been seen as a process
further limit microbial growth and to impact characteristic usually difficult to achieve. This is due to the oily nature
flavour [2]. of the product which attracts agents of microbiological

The curing of meat is a process that depends on the spoilage such as insects, which feed on the moisture
inhibition of microbial growth by the use of sodium exudates from the product. Kilishi is prepared by partially
chloride and control of water activity, with optional drying thin sheets  of  quality  beef  in  the  sun  followed
additional use of nitrite salts to stabilize meat colour; and by addition of  some  ingredients  before a second period
smoking to give further microbial control and a desirable of sun drying and partial roasting [4], [5]. This study
cured meat flavour. As a result, many traditional compares  traditional  production  and packaging system
processes have been developed to give products of of Kilishi with a potassium sorbate (anti-fungal agent)
distinctive character. Although modern methods of meat treatment  and  modern  packaging  system  during
preservation such as refrigeration and freezing method storage under two different conditions. The Objectives
might be preferred by consumers, refrigeration equipment are to investigate the effects of storage conditions and
are expensive to install and difficult to maintain in microbial  activities  on   shelf-life   stability   and  quality
developing countries. of Kilishi.

meat. These  include  exposure of strips of lean meat to
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MATERIALS AND METHODS Storage of Kilishi: The produced kilishi was  divided

Materials for production of Kilishi are beef, knives,
papyrus mats, wire mesh, peanut cake paste, ginger,
onion, dried/ground chilli pepper, seasoning cubes, water
and a bowl.

Sample Procurement: Beef was purchased from butchers
at the Central Abattoir in Kaduna, Nigeria. Knives,
papyrus mats, wire mesh, peanut cake paste, ginger,
onion, dried/ground chilli pepper, seasoning cubes and
bowl were purchased from a Supermarket in Kaduna,
Nigeria.

Kilishi (Dried Beef) Production: Connective tissues and
adhering fatty material in beef are trimmed off by cutting
with a curved knife into thin slices of about 1-2 mm
thickness, 15mm length and as much as 6mm width. The
washed beef slices that weighed 20 kg and at 77%
moisture content wet basis were spread on papyrus mats
on elevated platforms or tables in the sun for drying.
However, papyrus mats may lead to hygienic problems,
especially after repeated use. Therefore, easy to wash and
non-corrosive wire mesh is recommended.

In the first stage of drying, (2 - 4 hours), the moisture
content of the meat slices was reduced to 40%. The slices
were then put into an infusion containing peanut cake
paste (200 g), water (120 ml), onion (40 g), seasoning
cubes (20 g), salt (10 g) and spices such as ginger (10 g)
and dried/ground chilli pepper (20 g). After infusion, the
wet product  is  again  exposed  to  the  sun   to  dry   for
2-3 hours, depending on weather conditions and the
dimensions of the product. After this second stage of
drying, the moisture content was reduced to 20%. The
slices are finally roasted over a glowing fire for about five
minutes.  The  roasting process enhances desirable
flavour development and inactivates contaminating
microorganisms.  After  roasting, the final moisture
content ranged between 10- 12%, which decreases during
storage at room temperature to 7%. When packaged in
hermetically sealed, low density plastic pack of 0.038 mm
thickness, kilishi remains appreciably stable at room
temperature for a period of about one year.

Experimental Procedure
Quality Characteristics of Traditional Kilishi on the Day
it Was Produced: After processing and before storage,
kilishi sample was finely ground in a pre-sterilized and
chilled blender. The ground kilishi was then subjected to
proximate composition and microbial counts analyses. 

into parts and subjected to treatments (addition of anti-
fungal agents and use of different packages) and stored
under ambient conditions of average day time temperature
and relative humidity of 37.0±0.1 °C and 24.8±1.2% and
average night time temperature and relative humidity of
24.2±0.3 °C and 82.6±1.9%, respectively for a maximum
period of 42 days. These were average temperature and
relative humidity in Kaduna, Nigeria in the months of May
and June, 2008 when this study was conducted. At the
end of each storage period, the samples were analysed for
proximate composition and microbial counts.

Trial 1: Short Term Storage: A sample weighing 4 kg of
the produced kilishi was taken. 2 kg of it was wrapped in
traditional brown paper and stored as the control. The
other 2kg was heated to 100°C for 8 minutes and then
lightly sprayed with 10% (w/v) solution of potassium
sorbate in sterilized water, onto the surface of the product
before being packaged in polythene packs of 0.038 mm
thickness and stapled. The samples were subjected to
proximate composition and microbial counts analyses
after 21 days. 

Trial 2: Long Term Storage: A sample weighing 9 kg of
the produced kilishi was taken. 3 kg of it was wrapped in
traditional brown paper and stored as the control.
Another 3 kg was treated with 10% (w/v) potassium
sorbate (as in trial 1) before being packaged in sealed
polythene packs of 0.038 mm thickness (treatment 1) and
the  next  3 kg packaged in sealed polythene packs of
0.038 mm thickness (treatment 2) without potassium
sorbate treatment. Samples were removed and subjected
to proximate and microbial counts analyses after 42 days
storage.

Chemical Analyses: Water activity was determined using
a Luff water activity analyzer (Model 5803, Herzger Inc.,
Germany). Moisture content, ash, fat and mineral elements
(calcium, magnesium) were determined by methods
described by [6]. pH was measured with a pH meter
(Jenway model 3020). Free fatty acids (FFA) were
extracted from kilishi using (Leatherhead Food at room
temperature, Bligh and Dyer extraction method No. 5 for
fat and FFA determined by method No. 2 for fat extracted
from food) [7]. Protein was determined by Kjeldhl method
described by [6] and phosphorus (P) was assayed
calorimetrically  as the phosphomolybdovanadate
complex  at  400nm. Reported values are means of
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triplicate  determinations.  Aflatoxins   were  determined RESULTS
by  hi-directional  technique  after extraction in acetone
and phenyl  bonded  phase catridge clean-up as
described by [8].

Microbial Count: Aerobic plate count (plate count agar
standard, Oxoid CM463); moulds and yeasts (Dichloran
Rose Bengal chloramphenicol (DRBC), Oxoid CM727);
xerophilic   moulds   (Dichloran-Glycerol   18  (DG18),
Oxoid CM729), Clostridium perfringens (shahdi-ferguson
perfringens  (SFP)  Agar,  Oxoid  CM587)  and
staphylococcus aureus (Baird parker Agar Base (BP),
Oxoid CM275) were all determined by the spread plate
method. Suspected staphyloocossus aureus colonies were
subjected to the coagulase test (staphylase test, Oxoid
DR595) and API staph test (Biomerieus 20500) to confirm
identification. Escherichia coli were determined by the
pour plate method (using violet Red Bile Agar (VRBA,
Oxoid CM107). All determinations were in triplicates.

The quality characteristics of kilishi are presented in
Table 1.

Table 1: Quality characteristics of traditional Kilishi after production
Parameters Mean±S.E.
Moisture (%) 5.99±0.54
Water activity (%) * 0.59±0.02
Ash (%) 5.71±0.12
Protein (%) 61.95±1.85
pH 5.71±0.06
Fat (%) 24.28±1.65
Free Fatty Acid (%) of extracted fat* 4.34±0.43
Calcium (mg / 100g)* 54.69±7.23
Magnesium (mg / 100 g)* 114.97±13.92
Phosphorus (mg / 100g )* 392.42±57.88
Calcium: Phosphorus (Ca: P) ratio 0.14±0.02
Aerobic Plate Count (cfu/g)* 7.4x10 ±9.3x104 3

Moulds and Yeast (cfu/g)* 6.1x 0 ±3.0x102 2

Xerophilic Moulds (cfu/g)* 2.4x10 ±7.3x103 2

For mean, n = 3; S.E. = Standard Error; * = Analyses on wet weight basis;
all others on dry weight basis

Table 2: Effects of storage conditions on Kilishi during short-term storage using potassium sorbate as anti-fungal agent
Storage time (days)
-------------------------------------------------------------------------------------------------------------------------------------

Parameter Start Day 7 Day 14 Day 21
Moisture Content (%) (C) 7.81±0.58 9.12±0.65 7.31±0.44 7.00±0.34

(T) 7.81±0.58 8.00±0.57 7.06±0.39 5.00±0.26
Water activity (%) (C) 0.80±0.05 0.71±0.03 0.68±0.02 0.32±0.02

(T) 0.80±0.05 0.65±0.01 0.65±0.01  0.15±0.01 
pH (C) 5.55±0.03 5.62±0.02 5.87±0.04 5.00±0.01

(T) 5.55±0.03 6.02±0.05 6.09±0.06 6.00±0.05
FFA of extracted (C) 2.43±0.31 3.78±0.42 4.84±0.54 5.00±0.61
fat (%) (T) 2.43±0.31 3.66±0.36 3.71±0.40 4.00±0.43
Aerobic plate (C) 7.0 x 10 1.0x 10 1.2 x10 1.8 x104 6 6 3

count (T) 7.0 x 10 6.4x10 8.2x10 1.2x104 5 5 4

Moulds and Yeast (C) <1.0 x 10 1.7 x 10 1.1 x 10 2.7 x 102 2 2 3

(T) < 1.0 x 10 <1.0 x 10 < 1.0 x10 <1.0 x102 2 2 4

Xerophilic (C) < 1.0 x 10 1.3 x 10 1.2 x10 2.8 x 102 2 2 3

Moulds (T) < 1.0 x 10 <1.0 x 10 <1.0 x10 <1.0 x102 2 2 3

Values are means of triplicate determinations; (C) = control; (T) = treatment; all analyses are on wet weight basis (WWB).

Table 3: Effects of storage conditions on Kilishi during long-term storage using potassium sorbate as anti-fungal agent
Parameter Control Treatment 1 Treatment 2
Aerobic Plate Count (cfu / g) 1.2x10 2.5x10 7.6x105 3 3

Moulds and Yeast (cfu / g) 1.3x10 <1.0x10 2.0x103 2 3

Xerophilic Moulds (cfu/g) 4.4x10 <1.0x10 <3.0x103 2 4

Clostridium Prefringens (cfu/g) 6.6x10 <1.0x10 <1.0x102 2 2

Water activity (%) 0.45 0.39 0.33
pH 6.4 6.2 6.30
Aflatoxin B  (mg/kg) 112.10 140.65 130.001

Aflatoxin G  (mg/kg)  81.10  72.55  87.941

Total Aflatoxin (mg/kg) 193.20 213.20 217.94
Values are means of triplicate determinations; all analyses are on wet weight basis.
T1= Kilishi treated with 10 % potassium sorbate
T2 = Kilishi packaged without potassium sorbate
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The effects of storage conditions on kilishi during in kilishi than in fresh beef, their relative solubility was
short-term storage using potassium sorbate as an anti- lower in kilishi.
fungal agent are shown in Table 2. Processing  of  beef  into  kilishi  led  to  a  decrease

The effects of storage conditions on Kilishi during in the availability of calcium and magnesium.  and[9]
long-term storage using potassium sorbate as an anti- demonstrated the negative effects of seasoning, sun
fungal agent are shown in Table 3. drying and roasting on the availability of calcium

DISCUSSION (approximately 40% reduction). The calcium-phosphorus

Moisture content and water activity results (Table 1) However, kilishi is generally seen as a snack food rather
indicate that kilishi is sufficiently dried to minimize than as an essential part of the diet and the impact of
microbial growth. Ash content levels were high when reduction in mineral availability will be minimal but may
compared to (fresh meat which usually contains around require further investigation. No significant changes were
3.5% mineral components when expressed on dry weight observed for the two environmental conditions in which
basis and 1% minerals on wet weight basis. The high ash this study was carried out. This is because the results of
level obtained may be a reflection of the condiments using moisture and water activity indicated that the experimental
in kilishi production. Protein content results demonstrate kilishi was sufficiently dried to reduce the negative
the value and potential of kilishi as a high protein food effects as a result of environmental interaction with the
product; however the production process has been product being storage. No significant growth of E. coil;
reported to lead to loss of some soluble proteins [9]. The Staphylococcus  aureus  or  Clostridium   perfringens
pH values  for kilishi are  below the  maximum   limit  of was observed. Aerobic plate count results were
6.0 suggested by [10] for fresh meat which suggests that acceptable when compared to suggested range of 2.5 x 10
the meat was produced from well nourished and rested - 1.0 x 10  cfu/g  and[13]. The results for moulds, yeast and
stock. Fat is extremely important in flavour development xerophilic moulds are significant but at low levels of
of meat. As meat ages the fat deteriorates through growth.
microbial  attack  and  tissue  enzyme activity which The results for short-term storage as presented in
causes the development of free acidity and oxidation of Table 2 indicate reduction in moisture content and water
unsaturated fatty acids. This results in the development activity for the control and treated samples after 21 days
of bad odours and deterioration of taste. It has been storage.  The appreciable reduction in moisture content
reported by [11] that unpleasant flavours in cooked beef for the treated sample is due to the heating effect of
were first noticeable at a level of 2 - 3% (as oleic acid) in potassium sorbate. However, much reduction in moisture
extracted fat. content and water activity for the treated sample is not

Free Fatty Acid values in meat progressively necessarily conducive for the quality or organoleptic
increases with storage time and [11] stated that for odour acceptability of kilishi. The increase in pH levels for
to be acceptable the free fatty acid (FFA) should not kilishi (treated) observed during the storage period is
exceed 1.2%. However, FFA levels for kilishi exceeded thought to be influenced by the presence of potassium
this limit. The presence of peanut oil may add to the sorbate. The reduction in the rising FFA levels for kilishi
flavour of the product, but its high fat content may have (treated) over the storage period indicates a higher degree
increased the FFA level of kilishi. However, it is possible of oxidative stability. Nigerian kilishi analysed by and
that off-flavour and odour may be difficult for consumers [14] reached unacceptable levels of fat spoilage after
to detect due to the spicy nature of kilishi. The levels of approximately 3 weeks (according to limits of Tiobarbituric
calcium and magnesium in kilishi were similar to those acid number (TBA) = 1.8) suggested by  and[11]. A TBA
obtained by [9] who demonstrated that the mineral number  of  1.8  would  correspond  to  a   FFA   value  of
content  of  kilishi  was  higher  than that of fresh beef 1.2-2.1%. Results here suggest a higher degree of fat
(Ca = 50.47 mg/100g and Mg = 68. 12 mg/100g). The rancidity in the sample used for this study than the
results for Phosphorus were also higher than levels sample used by  and [14]. However, the kilishi examined
typically found in fresh beef (276.00 mg/100g) and [3]. by  and [14] was made using defatted peanut. 
This increase is a reflection of the increase in ash content No significant growth was observed for E. Coil,
and is mainly due to moisture loss. It was reported by  and Staphylococcus aureus or Clostridium perfringens over
[9] that although relative amounts of minerals were higher the storage period. Aerobic plate count results fall within

(approximately 60% reduction) and magnesium

ratio for kilishi falls below the range 0.5 - 2.0  and [12].
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accepted limits and [13] throughout the storage period, present in the infusion would have been killed or inhibited
with lower levels of growth in the treated kilishi than in by the kilishi production process. 
the control. There were significant levels of growth of
moulds, yeasts and xerophilic moulds in the control CONCLUSIONS
kilishi and an absence of growth in the treated kilishi.
These results suggest that treatment of kilishi with From the results, it can be concluded that processing
potassium sorbate and polythene packaging conferred a beef  into  kilishi  does  not lead to significant reduction
degree of storage stability and protection from mould in  the  available mineral contents of the raw product
contamination. Potassium sorbate is known to be more (fresh  beef)  and  that  most  of  the  microbiological
effective against moulds than bacteria and at pH values of counts  detected during the analysis of the kilishi
6.5 or less and [15]. This has been confirmed in this study samples may be due to some of the condiments used in
and potassium sorbate can be recommended for use in the the production process. The use of potassium sorbate in
storage of dried meat products such as kilishi. the storage of kilishi proved to be effective against

The  results  for  long-term  storage presented in microbiological spoilage and maintained the organoleptic
Table 3 show that aerobic plate counts for the control properties  (though  not  conducted)  of  the  product
were similar to those observed for kilishi at the start of under storage conditions. Also, the use of polythene
the experiment (Table 1). This demonstrates product bags and the traditional brown paper as packaging
stability. Aerobic plate count results were markedly lower materials confers certain degree of storage stability and
in both treatments, especially treatment 1. Growth levels protection against mould and bacteria activity on the
of moulds in the control were similar to those observed at shelf-life of kilishi.
the start of experiment (Table 2). However, similar growth
levels were also observed in treatment 2 indicating that Recommendations: The meat sample used for the
simple polythene packaging does not inhibit mould production  of  kilishi  was  that  of  beef.  Meat  from
growth. No significant mould growth was observed in other animals such as goat, lamb and camel should be
treatment 1, suggesting that the potassium sorbate used  for the same experimental processes to check for
treatment system was responsible for the complete any variations. Numerous materials are used for
inhibition of mould growth in kilishi. After 42 days packaging kilishi, such as plastic foils, aluminum foils,
storage, the first significant Clostridium perfringens paper, cellophane and textile. Transparent plastic material
growth was observed in the control; however no and cellophane are more appealing to consumers and to
significant growth was observed in treatments 1 and 2. obtain a longer shelf-life, vacuum-packaging may be used.
The pH levels for the control continued to rise from levels There are variations of methods in kilishi production;
observed after kilishi production and during short-term including ingredient combinations, infusion time, roasting
storage. stage and duration of the solar drying stages vary

However, pH levels in treatments 1 and 2 were similar depending on the required taste and environmental
to those observed during short-term storage, suggesting conditions. There is the need for standardization.
a degree of stability. Aflatoxin results were much higher
than any recommended maximum levels. It is possible that REFERENCES
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