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ABSTRACT

Jerky as ready to eat products was produced from beef top round and broiler
breast meat. Beef and broiler meat were dried in either simple metal structure in the
sun or in normal kitchen oven. Jerky samples were stored in polyethylene bags for 9
weeks at ambient temperature. Jerky products were evaluated for microbial count,
sensory, and chemical properties. Immediately after drying, no pathogenic bacteria
were detected. Counts of aerobic bacteria were decreased significantly in both sun
and kitchen oven dried beef and broiler jerky. Jerky dried in kitchen oven was better in
texture, flavor, taste and chewiness than the other. Beef and broiler fresh meat have
initial moisture to protein ratio (MPR) of 3.79 and 3.96, while after sun and kitchen
oven drying the MPR was decreased to 0.30 and 0.38. Free fatty acids for both dried
beef and broiler jerky exceeded 1.2% after three weeks of storage at ambient
temperature. During storage period, the peroxide value was increased in all jerky
samples.
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INTRODUCTION

Meat is a highly nutritive food for human because it is a good source
of all essential amino acids and a major source of B-complex vitamins and
minerals. Its distinctive flavor makes it one of the most preferrable foods.
However, the intrinsic properties of fresh meat including relatively high water
activity, slightly acidic pH and availability of carbohydrate and proteins make
it a good substrate for microbial growth and consequently it is a highly
perishable commodity (Rahman et al., 2005).

The shelf life of meat products is limited by enzymatic and
microbiological spoilage. To prolong the shelf life of meat and meat products,
traditional preservation methods using sun drying and salting techniques
have been used. The main method of meat preservation transferred by the
medieval Arabic source to West Africa was that of sun drying. Although
modern methods of meat preservation might be preferred by consumers,
refrigeration equipment is expensive to install and difficult to maintain in
tropical developing countries, so dried meat products often maintain their
importance. There are many methods used to prepare sun dried meat in
different parts of the world (Lawrie, 1979).

Jerky is a food known since ancient Egypt. Humans made jerky from
animal meat that was too big to eat all at once, such as bear, buffalo, or
whales. Jerky processing includes slicing or forming the beef or broiler,
marinating the strips, heating, and then drying. The purpose of the heating
step is to apply a lethality treatment to kill or reduce the numbers of
microorganisms so jerky becomes safe for human consumption. Drying jerky
stabilizes the final product and prevents the growth of toxigenic
microorganisms such as Staphylococcus aureus (Calicioglu et al., 2002).
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Beef jerky is promoted as a nutritious, low calorie product, which is low in
cholesterol and fat and high in protein and energy. A new approach to meat
based snack foods might focus on combined ingredient products that would
compete effectively with potato chips or corn chips while delivering less fat
and carbohydrates and more proteins (Park et al., 1993).

The aim of this study is to evaluate jerky produced from beef and broiler meat
to be used as handy food for backpackers and other who don’t have access
to refrigerators.

MATERIALS AND METHODS

Preparation of meat samples

Beef top round and broiler breast muscles meat samples were
obtained from a local market. External fat was completely trimmed from raw
beef and broiler meat before partially frozen to make slicing easier. The meat
muscle samples were then cut into strips of approximately 4-6 mm in
thickness. Meat and broiler sliced samples were separately placed into two
bowls. The dry mixture (w/w) of 3% table salt, 0.5% garlic powder, 0.5% black
pepper, 0.4% onion powder, 0.2% ginger and 0.1% red pepper, was
thoroughly mixed and rubbed into the surface of the sliced meat in order to
marinate the jerky. Thereafter, the sliced beef and broiler meat were cured in
the refrigerator for 24 h at 4°C prior to drying.

Drying procedure

Meat strips were suspended on the metal skewers hooked at one
end in a standard kitchen gas oven heated at 71°C for 15 min as a pre-drying
process to eliminate the pathogenic microorganisms (Harrison and Harrison,
1996). The kitchen door was then slightly opened to help removal of the
excess moisture. Samples of beef and broiler strips were divided into two
sets. The first set of samples was dried in the kitchen oven at 50-55°C and
26-30 % relative humidity. The second set was sun dried in June at recorded
temperature and relative humidity of 40-45°C and 45-50%, respectively in an
open ventilated area in a simple movable metal construction protected from
insects and birds by netting. The beef and broiler samples were dried to final
moisture content of 20-25 % (Konieczny et al., 2004). Jerky samples were
then, weighed and backed into polyethylene bags. Jerky samples were stored
for a period of nine weeks during June and July at room temperature and
evaluated at three week intervals. During storage, the temperature ranged
between 30 and 45°C while relative humidity ranged between 50 and 65%.

Chemical analysis

Jerky samples were analyzed for moisture content, fat, ash, total
crude protein and total nitrogen content as described in the A.O.A.C. (1995).
Free fatty acids (FFA) and peroxide values were determined as well (Egan et
al., 1987).

The value of the moisture-to-protein ratio (MPR) was calculated using
the method recommended by the Food Safety and Inspection Service (FSIS),
USA (Food Standards, 2003) to assess shelf life of food products subjected
to drying.
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Microbiological analysis

Ten grams of jerky samples were aseptically blended into sterile 90
ml saline (0.85% KCI) and mixed well, then serial decimal saline dilutions
were made. The tested saline solution was pour-plated onto each of triplicate
plates of each tested agar medium. Total aerobes were enumerated on Difco
nutrient agar incubated at 30°C for 48 h., yeast and moulds were counted on
Rose Bengal agar incubated at 25°C for 5 days.
Faecal E. coli was estimated using the most probable number (MPN)
according to Woomer (1994). One ml of the tested saline dilution was
inoculated in triplicate tubes containing MacConkey broth medium. Tubes
showing acid and gas production after incubation for 24 h at 44.4°C were
enumerated as described by Porter (1979).
Salmonella was enumerated by the MPN technique. One ml of the tested
saline dilution was inoculated in triplicate tubes containing the enrichment
selenite cystine broth medium and incubated for 24 hrs at 37°C. Each
enrichment broth was subsequently streaked onto xylose lysine
decarboxylase (XLD) agar medium and incubated for 24 hrs at 37°C (Porter,
1979).

Sensory analysis

Sensory analysis was carried out on beef and broiler jerky
immediately after drying. A trained 10 members panel evaluated the samples
using a scale of 1 to 10. The evaluated parameters were tenderness, flavor,
taste, color, chewiness and overall palatability (McWilliams, 1997).

Statistical analysis
Statistical analysis was made by statistical program SAS (1994).
Duncan multiple range test (Duncan, 1955) was used to separate means.

RESULTS AND DISCUSSION

Drying of Beef and broiler jerky

Kitchen oven and sun drying curves for beef and broiler jerky
products are shown in Figure (1). A sharp decrease in moisture content was
noticed in all samples after heating at about 70°C for 15 min. The beef and
broiler jerky lost 30 and 22 % of their moisture contents, respectively. Drying
times needed to reach 20-25 % moisture content for respective jerky products
of sun and kitchen oven dried samples were 8 and 4 h.

Sensory evaluation

Sensory evaluation of beef and broiler jerky made immediately after
drying are given in Table (1). Significant differences in texture, flavor, taste,
color, chewiness and palatability were scored among kitchen oven and sun
dried beef and broiler jerky samples. Jerky samples dried in kitchen oven
were better in texture, flavor, taste and chewiness than sun dried ones.
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Fig. 1. Kitchen oven and sun drying curves of beef and broiler jerky.

Lee et al. (2004) reported that texture, ensuring specific chewiness,
is one of the most important sensory attributes of jerky type snack foods,
determining the uniqueness and market attractiveness of this type of
products. The best color was obtained in kitchen oven dried chicken jerky.
Moreover, palatability was inferior in the sun dried beef jerky compared with
all dried jerky samples. These observations may be due to the longer period
of solar drying which might led to dark browning during drying (Van Oeckel et
al., 1999).

Table 1. Sensory evaluation of beef and broiler jerky after drying

Treatment Parameters - —
Texture| Flavor | Taste | Color [Chewiness| Palatability

Beef jerky

Sun drying 5.4b 6.6° | 6.6° +| 6.3° 5.1b 6.1P
+178|+165| 165 |+1.49| +1.85 +1.20

Kitchen oven drying| 8.02 8.72 | 912 + | 7.2b 8.32 7.1a0
+1.05 | +157 | 1.29 |+1.14| +1.25 +1.66

Broiler jerky

Sun drying 6.120 | 7.1b 7.4 7.50 5.6° 7.72
+277|+1.85| +1.43 |+2.12| +2.22 +1.77

Kitchen oven drying| 7.8 | 8.0% 8.42 9.12 6.920 8.42
+155|+1.49| +1.43 |+1.10| +256 +1.65

a and b means in the same column with different superscripts are significantly different
(P< 0.05)
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Evaluation of Microbial quality

Microbial counts of fresh, cured and dried beef and broiler jerky are
shown in Tables (2 and 3). The fresh beef and broiler meat had an initial
aerobic bacterial counts of 2.3 x 104 and 5.8 x 10°, mold counts of 4.3 x 103
and 4.5 x 10® and yeast counts of 2.5 x 102 and 1.03 x 10* cfu per gram,
respectively. After curing time, the microbial count increased two logarithmic
cycles in aerobic plate count and one logarithmic cycle in yeast count for both
beef and broiler cured meat. On the other hand, one logarithmic cycle was
decreased in mold count in both meat types.
The initial numbers of Salmonella and fecal E. coli present were less in beef
than broiler meat. MPN estimates were 160 and 400 cells per gram
Salmonella and 450 and > 14000 cells per gram E. coli for fresh beef and
broiler meat, respectively. Primary sources of these species are most
probably the workers and their equipments in the local market (Rahman et
al., 2005). After curing time, decreases of 38.75 and 20.0 % were recorded in
Salmonella for cured beef and broiler meat, respectively.

Table 2. Effect of sun and kitchen oven drying on microbial counts of
beef jerky stored at ambient temperature for 9 weeks

Counts, cfu g*
Treatment Aerob!c Mould Yeast Salmonflla Fecal_ E.
bacteria spp. coli*
Fresh meat 2.3x10%|4.3x108%|2.5x 102 160 450
Cured meat 2.0x10%|1.4x 102 |3.8x 103 98 400
Sun drying
stored for
0 week 7.8x10%2|1.1x10? n.d n.d n.d
3 weeks 1.3x104|1.1x102 n.d n.d n.d
6 weeks 7.1x10%|1.3x102 n.d n.d n.d
9 weeks 1.2x104|1.5x 102 n.d n.d n.d
Kitchen oven drying
stored for
0 week 3.0x10%2|9.5x 102 n.d n.d n.d
3 weeks 1.2x103|2.2x 102 n.d n.d n.d
6 weeks 5.0x10%|1.6x10? n.d n.d n.d
9 weeks 8.1 x10%|3.4x 103 n.d n.d n.d

* Most probable number
n.d = not detected

Immediately after drying process and during storage period,
Salmonella, faecal E. coli and yeast were not detected in all jerky samples.
The USDA/FSIS (1998) recommended cooking meat to 71.1°C as a pre-
drying step to eliminate the risk of pathogen survival. In their studies,
Harrison et al. (2001) reported that heating prior to drying at 71°C reduced
the numbers of all three pathogens (E. coli 0O157: H7, Lesteria
monocytogenes and Salmonella), below the detection limits.
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Table 3. Effect of sun and kitchen oven drying on microbial count of
broiler jerky stored at ambient temperature for 9 weeks

Count, cfu g
Treatment Aerobic M Salmonella |[Fecal E.
bacteria ould Yeast spp. coli
pp
Fresh meat 5.8x10%|4.5x 10%|1.03 x 104 400 Over
140.000
Cured meat 34x107[1.8x10%2|2.0x10° 320 140.000
Sun drying
stored for
0 week 7.26 x 104 1.4 x 102 n.d n.d n.d
3 weeks 1.2x10°| 0.4 x 102 n.d n.d n.d
6 weeks 3.9x105|2.4 x 102 n.d n.d n.d
9 weeks 3.2x105|1.1x 10?2 n.d n.d n.d
Kitchen oven drying
stored for
0 week 3.1x10%|7.5x 102 n.d n.d n.d
3 weeks 7.5x10%|0.1 x 102 n.d n.d n.d
6 weeks 49x105(4.8x 103 n.d n.d n.d
9 weeks 5.8 x10°|8.4 x 104 n.d n.d n.d

* Most probable number
n.d = not detected

Immediately after drying, the counts of aerobic bacteria in cured meat
were decreased three logarithmic cycles in both sun and kitchen oven dried
beef and broiler jerky. After 9 weeks storage, fungi counts increased one and
two logarithmic cycles in kitchen oven dried beef and broiler jerky,
respectively.

Relative increases of approximately one logarithmic cycle were
observed in numbers of aerobic bacteria for sun and kitchen oven dried beef
and broiler jerky samples during the nine weeks storage period. Obtaining a
microbially safe product depends not only on the parameters of the drying
process of the seasoned meat but also on the appropriate selection of
components of the used spice blend and functional additives which ensures
obtaining proper water activity (aw < 0.85) to limit the microbial growth
(HACCP, 1997).

Evaluation of chemical quality

Chemical components of sun and kitchen oven dried beef and broiler
jerky stored at ambient temperature for 9 weeks are shown in Tables (4 and
5). The determines of the chemical properties found in this study were similar
to those found by Konieczny et al. (2004) as these types of foods are
classified as intermediate moisture foods (IMF).
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Table 4. Effect of sun and kitchen oven drying on chemical components
of beef jerky stored at ambient tem

erature for 9 weeks

Moisture,|Protein, « | Ash, |Fat, %|Peroxide [FFA,%
Treatment % % MPR % value**
Fresh meat 76.25 20.10 3.79 | 418 | 1.86 18.53 0.72
Sun drying
stored for
0 week 21.11 64.55 0.33 | 6.45 | 4.13 27.83 1.21
3 weeks 20.65 64.28 0.32 | 6.59 | 3.98 34.73 1.45
6 weeks 19.85 65.15 0.30 | 6.72 | 3.20 57.45 2.80
9 weeks 19.24 64.98 0.30 | 6.88 | 3.25 69.81 3.05
Kitchen oven drying
stored for
0 week 24.20 63.87 0.38 | 6.15 | 3.89 22.30 1.05
3 weeks 23.45 62.60 0.37 | 6.45 | 3.90 27.36 1.14
6 weeks 21.15 62.85 0.34 | 6.81 | 3.69 36.38 2.72
9 weeks 20.80 63.90 0.33 | 6.98 | 3.50 50.45 3.62

* MPR moisture to protein ratio
** peroxide value meq kg1

Table 5. Effect of sun and kitchen oven drying on chemical components
of broiler jerky stored at ambient temperature for 9 weeks

Treatment MO"Z‘/E“re' Pro(;:"”' MPR* |Ash, %|Fat, % P\gmff FFA,%
Fresh meat 74.17 18.75 3.96 3.65 | 1.66 17.22 0.57
Sun drying
stored for
0 week 21.68 63.50 | 0.34 | 5.45 | 3.89 25.72 1.00
3 weeks 20.45 63.75 | 0.32 | 5.44 | 3.83 29.68 1.84
6 weeks 19.58 64.18 | 0.31 | 5.73 | 3.70 32.17 2.95
9 weeks 19.87 64.09 | 0.31 | 6.03 | 3.73 45.25 3.73
Kitchen oven drying
stored for
0 week 23.81 62.25 | 0.38 | 5.63 | 3.01 22.26 1.55
3 weeks 22.50 63.45 | 0.35 | 5.68 | 3.16 36.26 1.78
6 weeks 21.88 63.78 0.34 573 | 3.15 40.80 3.80
9 weeks 20.45 63.75 0.32 5.90 | 3.20 53.65 3.85

*MPR moisture to protein ratio
** peroxide value meq kg™

From tables 4 and 5, it can be seen that beef and broiler meat have
initial MPR of 3.79 and 3.96, respectively, which is slightly less than the
accepted recommended values (4.5). After sun and kitchen oven drying, the
MPR ranged between 0.30 and 0.38 in all jerky samples. According to the
recommendations of the American Food Safety and Inspection Service
(FSIS), microbially safe jerky type products are those with the MPR not
exceeding 0.75 (Food standards, 2003). It can be seen that water content in
jerky products is decisive both for their texture and shelf life (Konieczny et al.,

2004).

Data in Tables (4 and 5) also illustrate fat content in fresh beef and
broiler meat to be 1.86 and 1.66%, respectively. Fat content in sun and
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kitchen oven dried beef jerky stored for only 3 weeks was found to be 4.13
and 3.89%, respectively. Also, sun and kitchen oven dried broiler stored for 3
weeks contained 3.89 and 3.01% fat, respectively.

Fat is important in flavor development of meat, as meat ages the fat
deteriorates through microbial attack and tissue enzyme activity which
causes the development of free acidity and oxidation of unsaturated bonds.
This results in the development of bad odors and deterioration of taste
(Pearson, 1968). The same author reported that unpleasant flavors in cooked
beef were first noticeable at a level of 2-3% FFA (as oleic acid) in extracted
fat.

Peroxide value is among the chemical criteria to follow the extent of
oxidative lipid deterioration and rancidity (Jacobson, 1961). Data in Tables (4
and 5) show that sun dried beef and broiler jerky gave higher peroxide values
than those of kitchen oven dried beef and broiler jerky immediately after
drying. During storage period, the increase of peroxide value was noticed in
all jerky samples. After storage for 9 weeks, peroxide value reached 69.81
and 45.25 meq kg fat in sun dried beef and broiler jerky, respectively. At the
same storage period, peroxide value was 50.45 and 53.65 meq kg fat in
kitchen oven dried beef and broiler jerky, respectively. It has been reported
(Rahman et al., 2002) that this is due to the fact of increased oxygen diffusion
and exposed surface area during storage period. It has been mentioned that,
Jerky could be protected against oxidative deterioration during storage by
natural antioxidants as rosemary extract at a sensory acceptable level of
1000 ppm, incorporated prior to drying (Nissen et al., 2000).

Finally, it could be concluded that home made jerky is a safe
microbially product when stored for a period of 9 weeks at summer ambient
temperature. However, only 3 weeks is a safe storage period from the
chemical deterioration point of view. Though, natural antioxidants might be
added during curing and prior to drying to prevent fat oxidation and
consequently elongate the shelf life of the product.
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