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Abstract The objective of this study was to examine the effects of crude protease from Bacillus polyfermenticus SCD and
marination time on quality of pork and beef jerky. Neither pork nor beef jerky showed a significant difference in pH among all
treatments, and each protease was found to have a greater effect on the color of beef jerky. The hardness was significantly
fower in all jerky treated with each protease, however the textural properties of jerky were not significantly different with
regard to marination times. Water content was not affected by protease addition or marination times, however the water
activity was lower in jerky treated with protease. The rehydration capacity of pork jerky was higher in jerky treated with
protease, whereas that of beef jerky was higher in jerky dried after tumbled and held for 24 hr. Sensory characteristics were
higher in jerky treated with protease, not affected by holding time after marinated.
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Introduction

Texture is an important characteristic of meat products with
regard to consumer preference. Meat toughness can be
subdivided into actomyosin toughness, which is attributable
to changes in myofibrillar proteins, and background
toughness, which is attributable to connective tissues {1).

There are several means for tenderizing meat, chemically
or physically, which mainly reduce the amount of detectable
connective tissue without causing extensive degradation of
myofibrillar proteins. Treatment with proteolytic enzymes
is one of the popular methods for meat tenderization. Most
commercial enzymes currently used at present commereially
are derived from plants: e.g., papain and bromelain, and
have been widely used as meat tenderizers in America and
Europe (2). However, these enzymes often degrade the
texture of the meat due to their broad substrate specificity,
and result in production of unfavorable taste due to over-
tenderization (3).

Microbial proteases from bacteria, yeasts, molds have
also been developed for meat tenderization {4,5). In particular,
proteases from Bacillus sp. have become the most important
industrial enzymes based on the world wide enzyme sales
(6). Bacillus polyfermenticus SCD, which is commonly
referred to as a ‘Bispan’ strain has been effectively used for
the treatment of long-term intestinal disorders since live
strains in the form of active endospores can successfully
reach the target intestine (5). Many studies have addressed
the properties of B. polyfermenticus SCD, including its
industrial utility {7), capacity to inhibit carcinogen-induced
DNA damage (8), and anticarcinogenic and antigenotoxic
effects (9). However there has been no study on the utility
of crude protease from B. polyfermenticus SCD as a meat
tenderizer.
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Intermediate moisture meat products such as jerky are
processed almost everywhere in the world and each product
has its own characteristics. Such products include charqui
in South America (10), pemmican in North American,
mixed ground dried meat with dried fruit or suet known as
biltong in South Africa (11), and bundnerfleisch, koppa,
and cecina in Europe (12). Because most of the moisture in
jerky is removed, it has a stable shelf life, is microbiologically
safe (Aw<0.70), easy to prepare, light-weight, has a rich
nutrient content, and can be stored without refrigeration
(11). But with growing consumer preference for high
quality foods with good flavor, texture, and nutrition, one
of the drawbacks of jerky is its hard texture (13). It is
important to address the tough texture of jerky because it
has traditionally been made from sliced whole muscles.
This problem may be solved by using crude protease and
holding curing meat tumbled with curing solution in which
crude protease is added.

Therefore, the purpose of this study was to examine the
effects of crude protease from B. polyfermenticus SCD and
holding time afier marinated on the quality of pork and
beef jerky.

Materials and Methods

Meat and curing solution preparation Frozen pork ham
and beef round (M. biceps femoris, M. semitendinosus, M.
semimembranosus) were purchased from a local market at
1 week post mortem. The frozen meat was thawed at low
temperature (<4°C) until a core temperature of —1--2°C
was reached, then sliced inte 6 to 8 mm thick sections
parallel to the muscle fiber. The meat was trimmed of all
subcutaneous fat before use in jerky preparation.

The composition (Y, w/w) of the curing solution was
water (10%), soy sauce (9%), starch syrup (5%), sugar
(2%), D-sorbitol (6%), pepper (0.5%), ginger powder
(0.1%), garlic power (0.2%), onion power (0.2%), sodium
nitrate (0.007%), sodium citrate (0.01%), potassium sorbate
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(0.1%), sodium erythorbate (0.036%), and soup stock
powder (0.1%).

Preparation of tenderizers Tenderizers were prepared
with the crude protease from Streptomyces griseus (P 5147,
EC 3.4.24.31, powder, 4 units/mg solid, Sigma-Aldrich
Chemical Co., St. Louis, MO, USA), which is used mainly
to tender the fermented sausage (4). B. pobyfermenticus
SCD was purified according to a previous study (14). Each
crude protease was added to concentrations of 0.005 or
0.01% (protease weight/raw meat weight) in the curing
solution. The jerky samples tested were: control (no
added), S-1 (with 0.005% protease from S. griseus), S-2
(with 0.01% protease from S. griseus), B-1 (with 0.005%
protease from B. polyfermenticus SCD), and B-2 (with
0.01% protease from B. polyfermenticus SCD).

Manufacturing of jerky Sliced beef and pork were mixed
with curing solution by hand for 3 min. The meat was then
continuously massaged in a tumbler (MHM 20; Vakona,
Lienen, Germany) for 30 min. Before drying the cured meat,
two manufacturing processes were applied. One process
involved drying the cured meat immediately, and the other
process was to dry the cured meat after holding at 4°C for
24 hr. Tumbled beef was dried in a dehydrator (Enex-CO-
600; Enex, Yongin, Korea) at 72°C for 90 min, 65°C for 60
min, and 55°C for 60 min (11). Tumbled pork was dried at
76.5°C for 90 min, 65°C for 60 min, and 55°C for 60 min
(15). After drying, the jerky was cooled at room temperature
(25°C) for 30 min, and then put in a polyethylene bag at
room temperature and used for analysis.

pH and instrumental color measurements The pH of
Jerky samples was determined with a pH meter (model
340; Mettler-Toledo GmbH, Schwerzenbach, Switzerland).
pH values were measured by blending a 5 g sample with
20 mL distilled water for 60 sec in a homogenizer {Ultra-
Turrax T25; Janke & Kunkel, Staufen, Germany).

Instrumental color measurements were taken with a color
meter (Chroma meter CR-200; Minolta, Japan, illuminate
C, calibrated with white standard plate L* =97.83, a* =
—0.43, b* =+1.98) were by measuring on the surface of
samples.

Instrumental texture measurement The textural properties
of jerky samples were measured by a cylinder probe {5 mm
diameter) attached to a texture analyzer {TA-XT2i; Stable
Micro Systems Ltd., Surrey, UK). The test conditions were
as follows: stroke, 20 g; test speed, 2 mm/sec; distance,
10.0 mm. Data were collected and analyzed regarding the
hardness (N), springiness, cohesiveness, gumminess (N),
and chewiness (N) values.

Moisture content and water activity (Aw) Moisture
content was determined by weight loss after 24 hr of
drying at 105°C in a drying oven (SW-90D; Sang Woo
Scientific Co., Bucheon, Korea) using the method of the
AOAC (16).

Samples for Aw were minced into pieces approximately
1x1x1 mm in size. The Aw of each sample was determined
in duplicate with a hygrometer (BT-RS1; Rotronic Ag.,
Bassersdorf, Switzerland).
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Rehydration capacity The rehydration capacity of jerky
samples was analyzed according to the method of Yun ef
al. (17). Samples were cut to a size of 20x20 mm. Cut
samples and 50 mL distilled water were combined in a 100
mL beaker and the weight of soaked sample was measured
after 15, 30, 45, and 60 min.

Rehydration capacity (%) =
[(sample weight after rehydration — sample weight before
rehydration) / (sample weight before rehydration)] x 100

Sensory evaluation Each jerky sample was subjected to
sensory evaluation. The samples were served to 10 experienced
panel members with previous experience. Panelists were
presented with randomly coded samples. The color (1 =
extremely undesirable, 10 = extremely desirable), flavor (1
= extremely undesirable, 10 =extremely desirable), tenderness
(1 =extremely tough, 10=extremely tender), juiciness
(1 =extremely dry, 10=extremely juicy), and overall
acceptability (1 =extremely undesirable, 10 = extremely
desirable) of the samples were evaluated using a 10-point
descriptive scale. Panelists were required to cleanse their
palate between samples with water (18).

Statistical analysis Analysis of varlance was performed
on all the variables measured using the general linear
model (GLM) procedure of the SAS statistical package
(19). The Duncan’s multiple range test (»p<0.05) was used
to determine the differences between the means.

Result and Discussion

pH and instrumental color Figure 1 shows the pH of
pork and beef jerky prepared with various crude protease
levels and holding times after marinated. Regardless of the
treatment, the pH of pork jerky was 5.80-5.82 and the pH
of beef jerky was 5.84-5.86. In addition, the kind of crude
protease and holding time did not have a significant effect
on the pH of pork or beef jerky (p>0.05). Jose et al. (20)
reported that the average pH of beef jerky ranged widely
from 4.72 to 6.73. In addition, Han (21) reported that pH
of pork jerky was 5.71-5.75.

Table 1 shows the color values (CIE-L*, a*, b*) of pork
and beef jerky prepared with various crude protease levels
and holding times after marinated. The CIE-L* value
(lightness) of pork jerky was significantly lower in the
group treated with 0.01% crude protease than in the control
(p<0.05), however jerky held for 24 hr after marinated
showed no significant difference in CIE-L* value. The
CIE-a* (redness) and b* (yellowness) values were not
significantly different regardless of the kind of crude protease
and holding time (p>0.05). While Song {22) reported that
the color of beef jerky treated with humectants was
different from that of untreated jerky, Han (21) reported
that the addition of humectants had an only slight effect on
the color of pork jerky.

Instrumental texture Table 2 shows the texture values
of pork and beef jerky prepared with various crude
protease levels and holding times after marinated. The
hardness of pork jerky was significantly lower in the crude
protease treated samples than in the control, and the
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Fig. 1. Comparison of the pH of pork and beef jerky prepared with various protease levels and holding times after marinated.
Bars represent standard deviations. M, Holding time (0 hr); [J, holding time (24 hr). Control, not treated; S-1, treated with 0.005%
protease from S. griseus; S-2, treated with §.01% protease from S. griseus; B-1, treated with 0.005% protease from B. polyfermenticus
SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.

springiness of jerky marinated for 24 hr was significantly
higher when treated with 0.01% crude protease from B.
polyfermenticus SCD than in the control or jerky treated
with 0.01% crude protease from S. griseus (p<0.05). In
addition, the cohesiveness of jerky dried just after tumbling
was higher in the jerky treated with 0.005% crude protease
from S§. griseus than in those with 0.01% crude protease
from S. griseus, however the cohesiveness of jerky held for
24hr after marinated showed the opposite tendency
(p<0.05). The gumminess and chewiness of jerky dried
just after tumbling were lower in jerky treated with 0.01%
crude protease than the control or those treated with
0.005% crude protease (p<0.05). The gumminess and
chewiness of jerky dried after holding for 24 hr were
higher in samples treated with 0.01% crude protease from

S. griseus than samples treated with 0.005% crude protease
from S griseus or 0.01% crude protease from B. polyfermenticus
SCD (»<0.05). The hardness of beef jerky showed no
significant difference (p>0.05), but the springiness was
significantly lower in crude protease treated samples
(p<0.05). The cohesiveness was higher in jerky treated
with crude protease from S. griseus than in jerky treated
with crude protease from B. pohfermenticus SCD (p<0.05).
The gumminess and chewiness were significantly lower in
jerky ftreated with 0.01% crude protease from B.
polyfermenticus SCD than the other jerky samples.
Holding time after marinated did not have a significant
effect on the hardness of pork and beef jerky. The result of
present study differed from the results of Gerelt ef al. (23).

Table 1. Comparison of the instrumental color (CIE-L*, a*, b*) of pork and beef jerky processed with varieus protease levels and

holding times after marinated”

Holding time after

Traits Jerky L2 Control S-1 S-2 B-1 B-2
marination (hr)
CIE-L* Pork 0 44.30+1.06* 43.74+1.03"  4293+1.25° 43.99+1.05*%  4325+1.778
24 44.07+0.91 43.38+1.32 42.82+127 43.40+1.46 43.00+1.16
Beef 0 42.32+1.16 41.90+1.26 41.72+1.97 41.38+0.95 41.79+0.33
24 42.02+1.44" 41.61£138%% 41534207 40.22+1.18" 41.29+0.7248
CIE-a* Pork 0 938+1.20 9.44+0.78 9.40+0.77 9.27+0.66 931+1.14
24 9.50+0.98 9.38+0.69 9.43+0.74 9,08+0.59 9.23+1.08
Beef 0 5.28+0.72% 4.29+1.00° 4.03x0.76" 3.92+0.748 3.54+0.558
24 521+0.714 3.97+0.74" 4.13+0.85° 3.96+0.77° 3.80+0.638
CIE-b* Pork 0 3.12+0.32 3224022 3.13+0.48 3.03+0.43 3.31+0.77
24 3.16£0.31 3.19+0.79 3.18+0.51 3.05+0.39 3.34+0.21
Beef 0 1.12+0.28 1.01£0.20 1.07+0.31 1.19+0.35 1.03£0.18
24 1.11£0.33 0.98+0.30 1.05+0.21 1.18+0.28 1.05+0.19

DAl data are means+S8D. ™ Means with different superscripts within the same row are significantly different (»<0.05). Control, not treated; S-1,
treated with 0.005% protease from S. griseus; S-2, treated with 0.01% protease from S. griseus; B-1, treated with 0.005% protease from B. poly-
Sermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.
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Table 2. Comparison of the instrumental texture of pork and beef jerky processed with various protease levels and holding times
after marinated?

Holding time after

Traits Jerky marination (hr) Control S-1 S-2 B-1 B-2

Hardness (N) Pork 0 60.70+5.02%  55.96+2.96°  5330+4.22%  36.79+541®  55.04+6.05"
24 59.2743.62%  53.83+£2.74®  50.59+£3.07°  53.52+4.44%  51.41+4.24"

Beef 0 49.37+4.67 47.69+4.08 46.51+4.18 47.04+4.72 46.24+4.15

24 47.31+5.47 45.77£4.52 43.92+4.86 46.41+4.43 44.00+3.85

Springiness Pork 0 0.91+0.04 0.91£0.07 0.92+0.03 0.92+0.05 0.92+0.04°
24 0.88+0.07° 0.93£0.0348  0.91+0.058 0.92+0.05%  0.95+0.0242

Beef 0 0.93+£0.02% 0.89+0.038 0.89+0.04° 0914004 091+0.034B

24 0.93+0.024 0.89+0.03° 0.89+0.038 0.90+0.038 0.90+0.04"

Cohesiveness Pork 0 0.13+£0.01%%  0.14+0.024 0.12£0.018° 0.13£0.014  0.13£0.0248
24 0.13£0.02° 0.12+£0.01®°  0.16£0.01%  0.14£001*®  0.13x0.02°

Beef 0 0.20+0.028 0.23:+0.024 0.23+0.024 0.21£0.028 0.20+0.028

24 020£0.02°8  0.23+0.02% 0.23+0.02* 0.21£0.03*®  0.1920.02°

Gumminess (N)  Pork 0 8.07+0.914 7.72+0.88%  633+0.85%°  7.64+0.84% 6.92+0.718
24 7.75£0.81°%  6.64+0.87%°  8.02+£0.92%  7.33+0.88%%  6.63+0.87°

Beef 0 991098  10.78+1.01*  1061x0.74*®  9.99+0.91" 9.02+0.96

24 9.27+0.86" 1053098  10.07+0.844 962+0.76"% 835075

Chewiness N)  Pork 0 7.34£0.72% 6.98+£0.88%  582+0.77%°  6.98+0.75* 6.360.66°
24 6.83£0.94" 6190815  731+0.74%  6.76x0.78"8  6.31+0.90°

Beef 0 9.21+0.934 9.59+£0.794 9.45+£0.874 9.05+0.914 8.17£0.898

24 8.63+0.81%%  035+0.76" 8.98+0.874%  8.69+0.724 7.53+0.635

DAIl data are means+SD. *8Means with different superscripts within the same row are significantly different {(p<0.05). Control, not treated; S-1,
treated with 0.005% protease from S, griseus; S-2, treated with 0.01% protease from S. griseus; B-1, treated with 0.005% protease from B. poly-
fermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.

Moisture content and water activity Figure 2 shows
the moisture content and water activity of pork and beef
jerky prepared with various crude protease levels and
holding times after marinated. In manufacturing intermediate
moisture foods, it is important to control the water content

because water activity is closely related to water content
(24). The water content was 30-32% in pork jerky and 31-
33% in beef jerky, and the type of crude protease and
holding times after marinated had no significant effect on
the water content of jerky. According to the reports of Jung

40 40

30

Water content (%)
oy 3
o

Water content (%)

Control S-1 S-2 B-1
Pork jerky treated with protease

B-2 Control S-1 8-2 B-1 B-2

Beef jerky treated with protease

Fig. 2. Comparison of the moisture content of pork and beef jerky prepared with various protease levels and holding times after
marinated. Bars represent standard deviations. I, Holding time (0 hr); [, holding time (24 hr). Control, not treated; S-1, treated with
0.005% protease from S. griseus; S-2, treated with 0.01% protease from S. griseus; B-1, treated with 0.005% protease from B.
polyfermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.
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Table 3. Comparison of the water activity (Aw) of pork and beef jerky processed with various protease levels and holding times
after marinated"

Holding time after

Jerky marination (hr) Control S-1 S-2 B-1 B-2

Pork 0 0.71+0.01 0.70+0.01° 0.70+0.02° 0.70+0.01 0.70+0.01
24 0.70£0.014 0.67+0.01% 0.67+0.025 0.68+0.0148 0.68+0.01°

Beef 0 0.71+0.01 0.70+0.02 0.70+0.02 0.71£0.01 0.70+0.02
24 0.71£0.014 0.69+0.01P 0.70+0.0248 0.70+0.017B 0.70+0.017P

DAll data are means+SD. ** Means with different superscripts within the same row are significantly different (p<0.05). Control, not treated; S-1,
treated with 0.005% protease from $. griseus; S-2, treated with 0.01% protease from S. griseus; B-1, treated with 0.005% protease from B. poly-
Sermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.

et al. (25) and Yang and Lee (26), the water content of  griseus and held for 24 hr had the lowest Aw (p<0.05).

jerky in the market is 20-25%. Yang and Lee (26) reported that the average Aw of jerky in
The Aw was 0.67-0.71 in pork jerky and 0.69-0.71 in  the domestic market was 0.743, and Bone (27) reported

beef jerky (Table 3). Jerky dried just after marination that the range of Aw of ordinary intermediate moisture

showed no significant difference among the samples foods was 0.65-0.90, which is consistent with the results of

treated crude proteases for both pork and beef (p>0.05), this study.

however crude protease treated jerky dried after holding

for 24 hr showed significantly lower Aw than the control ~ Rehydration capacity Figure 3 shows the rehydration

(p<0.05). Pork jerky treated with crude protease from S.  capacity of pork and beef jerky prepared with various

Pork jerky (holding time, O hr) Pork jerky (holding time, 24 hr)
70 70
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Fig. 3. Comparison of the rehydration capacity of pork and beef jerky prepared with various protease levels and holding times
after marinated. Control, not treated; S-1, treated with 0.005% protease from S. griseus; S-2, treated with 0.01% protease from S.
griseus; B-1, treated with 0.005% protease from B. polyfermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.
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crude protease levels and holding times after marinated.
The rehydration capacity of pork jerky and beef jerky
showed a tendency to rise with increased rehydration time,
and after 60 min of rehydration, pork jerky and beef jerky
showed rehydration capacities of 58-62 and 55%, respectively.
When pork jerky was rehydrated for 45 min, the jerky
treated with 0.01% crude protease from B. polyfermenticus
SCD showed a significantly higher rehvdration rate than
the control or jerky treated with 0.01% crude protease from
S. griseus. When rehydrated for 60 min, pork jerky showed
a significantly higher rehydration rate than the control
(p<0.05). On the other hand, beef jerky rehydrated for 60
min and treated with 0.01% crude protease from S. griseus
showed a significantly higher rehydration rate, and jerky
held for 24 hr showed a higher rehydration rate than jerky
made just after marination. Seol (28) reported that the
rehydration capacity of Korean traditional beef jerky was
approximately 40% and decreased during storage.

Sensory evaluation The sensory characteristics of jerky
are affected by various factors including marination, drying
temperature and time (29), and the condition of the raw
meat (30). Figure 4 shows the sensory evaluations of pork
and beef jerky prepared with various crude protease levels
and holding times after marinated. The color and flavor
were not significantly different between pork and beef

Pork jerky (holding time, O hr)
Color
9 -

- 8/'}‘ S

“
_- Flavor
;

!
Juiciness Tendetness
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jerky (p>0.05). However, the tendemess of jerky treated
with crude protease was greater than the control, as was
beef jerky treated with 0.01% crude protease (p<0.05).
These results are consistent with those reported in
instrumental texture analysis. The juiciness and overall
acceptability of jerky dried just after marination were
higher in pork jerky treated with crude protease than the
control, and were higher for jerky held for 24 hr and treated
with 0.01% crude protease (p<0.05). However, for beef
jerky made just after marinated, jerky treated with 0.01%
crude protease was rated significantly higher for juiciness
and overall acceptability than the control (p<0.05). When
holding for 24 hr after marinated, no significant difference
was observed. Holding time after marinated did not have a
significant effect on the sensory characteristics of pork
jerky. Yang (31) reported that pork jerky had quite a high
overall acceptability, and in particular, domestic beef jerky
was more acceptable than imported jerky.

In conclusion, the results of this study show that treatment
with crude protease from B. polyfermenticus SCD improved
the tough texture of jerky and this effect was particularly
high for pork jerky. Also, holding for 24 hr after marinated
with crude protease did not have a significant effect on the
quality of jerky. Thus, further studies on holding time after
marinated with crude protease are needed.
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Fig. 4. Comparison of the sensory evaluations of pork and beef jerky processed with various protease levels and holding times
after marinated. Control, not treated; S-1, treated with 0.005% protease from S. griseus; S-2, treated with 0.01% protease from S.
griseus; B-1, treated with 0.005% protease from B. polyfermenticus SCD; B-2, treated with 0.01% protease from B. polyfermenticus SCD.



Protease Effects on Quality Properties of Jerky

Acknowledgments

This research was supported by the Ministry of Agriculture
and Forestry (204118-02-2-SB010), Korea. The authors
also partially supported by the Brain Korean 21 (BK 21)
Project from Ministry of Education and Human Resources
Development.

References

1.

—_

4

Chen QH, He GQ, Jiao YC, Ni H. Effects of clastase from a
Bacilius strain on the tenderization of beef meat. Food Chem. 98:
624-629 (2006)

. Kang CK, Rice EE. Degradation of various meat fraction by
tenderizing enzymes. J. Food Seci. 35: 563-567 (1970)

. Cronlund AL, Woychik JH. Solubilization of collagen in restructured
beef with collegenase and a-amylose. J. Food Sci. 52: 857-860
(1987)

. Diaz O, Fernandez M, Fernandoe GDG Hoz L, Ordonez JA.
Proteolysis in dry fermented sausage: The effect of selected
exogenous protease. Meat Sci. 46: 115-128 (1997)

. Park JS, Kim KT, Kim HS, Paik H-D, Park EJ. Effect of a functional
food containing Buacillus polvfermenticus on dimethylhydrazine-
induced colon aberrant crypt formation and the antioxidant system
in fisher 344 male rats. Food Sci. Biotechnol. 15: 980-985 (2006}

. Park EJ, Park IS, Choi SY, Kim KT, Paik H-D. Influence of
functional food containing Bucilius pohfermenticus SCD on lipid
and antioxidant metabolisms in rats fed a high-fat and high-
cholesterol diet. Food Sci. Biotechnol. 14: 766-771 (2005)

. Paik H-D, Jung MY, Jung HY, Kim WS, Kim KT. Characterization
of Bacillus polyfermenticus for oral bacteriotherpy of gastrointestinal
disorders. Korean J. Food Sci. Technol. 34: 73-78 (2002)

. Park EJ, Park JS, Paik H-D. Effect of Bacillus polyfermenticus SCD
and its bacteriocin on MNNG-induced DNA damage. Food Sei.
Biotechnol, 13: 684-688 (2004)

. Park EJ, Kim KT, Kim CJ, Kim CH, Paik H-D. Anticarcinogenic
and antigenotoxic effects of Bacifius polyfermenticus. J. Microbiol.
Biotechn. 14: 852-858 (2004)

. Garcia FA, Mizubuti 1Y, Kanashirom MY, Shimokomaki M.
Intermediate moisture meat product: Bioclogical evaluation of
charqui meat protein quality. Food Chem. 75: 405-409 (2001)

. USDA. Food safety of jerky. Available from: http/Awww.fsis.usda.gov/
Fact_Sheets/jerky_and_food_safety/index.asp. Accessed Apr. 5, 2006.

. Ledward DA. Intermediate moisture meats. Vol. 2, pp. 159-194. In:
Developments in Meat Science-2. Lawrie R (ed). Applied Science
Publishers, London, England (1981)

. Choi JH, Jeong 1Y, Choi YS, Han DJ, Kim HY, Lee MA, Lee ES,
Paik H-D, Kim Cl. The effects of marination condition on quality
characteristics of cured pork meat and sensory properties of pork
jerky. Korean J. Food Sci. Anim. Resour. 26: 229-235 (2006}

. Kim TH, Lee NK, Chang KH, Park EJ, Choi SY, Paik H-D.

20.

21.

22.

27.

28.

29.

30.

3L

395

Antioxidant activity of partially purified extracts isolated from
Bacillus polyfermenticus SCD culture. Food Sci. Biotechnol. 15:
482-484 (2006)

. Zimmermann WJ. A research note microwave recooking of pork

roasts to attain 76.7°C throughout. J. Food Sci. 49; 970-971 (1984)

. ADAC. Official Methods of Analysis of AQAC Intl. 17" ed.

Method 934.06. Association of Official Analytical Chemists.
Arlington, VA, USA (1996)

. Yun YJ, Kim, Kim SK, Kim DY, Park YK. Hydration rates and

changes of hardness during soaking of polished naked barleys. 1.
Korean Agric. Chem. Soc. 31: 21-25 (1988)

. Keeton JT. Effect of fat and NaCl/phosphate levels on the chemical

and sensory properties of pork patties. J. Food Sci. 48: 878-881
{1983)

. SAS Institute, Inc. SAS User’s Guide. Statistical Analysis Systems

Institute, Cary, NC, USA (1999)
Jose FS, Rafael G, Miguel AC. Water activity of Spanish
intermediate-moisture meat products. Meat Sci. 38: 341-350 (1994)
Han DI. Effects of marination, dry condition, and humectants
addition on quality properties of pork jerky. MS thesis, Konkuk
University, Seoul, Korea (2006}
Song HH. The effects of glycerol, rice syrup, and honey on the
quality and storage characteristics of beef jerky, MS thesis, Konkuk
University, Seoul, Korea (1997)

. Gerelt B, Ikeuchi Y, Suzuki A. Meat tenderization by proteolytic

enzymes after osmotic dehydration. Meat Sci. 56: 311-318 (2000)

. Leistner L. Shelf stable product and intermediate moisture foods

based on meat. pp. 295-328. In: Water Activity Theory and
Application to Food. Rockland L, Beuchat LB (eds). Marcel Dekker
Inc., New York, NY, USA (1987)

. Jung SW, Baek YS, Kim YS, Kim YH. Quality changes of beef

jerky during storage. Korean J. Anim. Sci. 36: 693-697 (1994)

. Yang CY, Lee SH. An evaluation of quality of the marketing jerky

in domestic. I. Investigation of outward appearance, food additives,
nutrient content, and sanitary state. Korean J. Food Nutr. 15: 197-
202 (2002)

Bone DP. Water activity in intermediate moisture foods. Food
Technol.-Chicago 27: 71-76 (1973)

Seol KH, The effects of soy protein isolate, egg albumin, and konjac
on the quality and storage characteristics of beef jerky. MS thesis,
Konkuk University, Seoul, Korea (2004)

Arnau J, Guerrero L, Gou P. Effects of temperature during the last
month of ageing and salting time on dry-cured ham aged for six
months. J. Sci. Food Agr. 74: 193-198 (1997)

Farouk MM, Swan JE. Boning and storage temperature effects on
the atiributes of soft jerky and frozen cooked free-flow mince. J.
Food Sci. 64: 465-468 {1999)

Yang CY. An evaluation of quality of the marketing jerky in
domestic. II. Comparison of amino acid, rheology properties, color,
and sensory evaluation. J. Korean Soc. Ind. Food Technol. 7: 35-40
(2003)



