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Abstract

This study was conducted to investigate the effects of kimchi powder and onion peel extract on the quality characteristics of emulsion
sausage manufactured with irradiated pork. The emulsion sausages were formulated with 2% kimchi powder and/or 0.05% onion peel
extract. The changes in pH value of all treatments were similar, depending on storage periods. The addition of kimchi powder increased
the redness and yellowness of the emulsion sausage. The addition of onion peel extract decreased the thiobarbituric acid reactive sub-
stances value of the emulsion sausages prepared with irradiated pork. The volatile basic nitrogen value of the emulsion sausage prepared
with kimchi powder was the highest, whereas that of the emulsion sausage prepared with onion peel extract was the lowest. The treat-
ment without kimchi powder or onion peel extract and the treatments prepared with onion peel extract showed lower microbial popula-
tions than the other treatment. Sensory evaluations indicated that a higher acceptability was attained when kimchi powder was added to
the emulsion sausages manufactured with irradiated pork. In conclusion, our results suggest that combined use of kimchi powder and
onion peel extract could improve quality characteristics and shelf stability of the emulsion sausage formulated with irradiated pork dur-

ing chilled storage.
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Introduction

Food irradiation is one of technologies for improving
the shelf-stability of meat and meat products during stor-
age. Irradiation, involving various chemical changes on
microorganism, has indirect and direct effects. Indirect
effects cause the destruction of deoxyribonucleic acid
(DNA) molecule, and direct effects result in the forma-
tion of free radicals from water in the DNA surroundings
(Molins, 2001). Although both effects lead to the inhibi-
tion of pathogenic microorganism growth, and extend
shelf-life, irradiation can accelerate lipid oxidation and
produce off-flavor in meat products (Ahn et al., 2000). To
solve these problems in irradiated meat and meat prod-
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ucts, many researchers have attempted to use natural anti-
oxidants (Du et al., 2000; Ismail et al., 2008; Mohamed
et al., 2011) and modify packaging method (Ahn ef al.,
1998; Ahn et al., 2001).

Kimchi is a traditional fermented food in Korea and
contains vitamin C, carotene, and phenol compounds etc.,
and provides anticancer effects, hypertension prevention,
and antioxidative effect (Lee et al., 2008). Kimchi has a
specific flavor due to the presence of free amino acids,
organic acids, and saccharide etc., which are produced
during fermentation. For this reason, kimchi has been
used to improve the flavor of meat products, and Lee er
al. (2008) reported that the quality of meat products,
including off-odor, was improved through the addition of
kimchi, and the color of meat product was also affected
by adding hot air dried kimchi powder. However, a num-
ber of previous studies have reported that kimchi acts as
a pro-oxidant in some situations. Lee and Kunz (2005)
reported that the effect of kimchi on lipid oxidation
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depends on its fermentation temperature. Choi (2012)
reported that although kimchi powder masked the flavor
and off-odor induced by irradiation, it also led to the
acceleration of lipid oxidation in irradiated pork sausage.
Also, Kim et al. (2014) reported that the combined use of
kimchi powder and smoking technique could improve the
quality characteristics and shelf life of cooked sausages
formulated with irradiated pork.

The antioxidant activity of onion is widely known, and
previous studies have reported that onion exerts an anti-
oxidative effect due to its flavonol and phenolic content
(Huber et al., 2009). Especially, the outer dry layer of
onion showed the great antioxidative properties, because
the concentration of quercetin, one of the flavonols in
onion peel, is higher here than in others part (Prakash et
al., 2007). Shim et al. (2012) reported that onion peel eth-
anol extracts inhibited the lipid oxidation of ground pork
meat.

Therefore, the objectives of this study were to evaluate
the effects of hot air dried kimchi powder and onion peel
extract on the quality characteristics of emulsion type
sausages formulated with irradiated pork, for improving
shelf stability during chilled storage.

Materials and Methods

Gamma irradiated meat preparation

Fresh pork ham (Musculus biceps femoris, M. emitendii-
nosus, M. semimembranosus) and back fat were pur-
chased in a local market. All subcutaneous, intermuscular
fat and visible connective tissue were removed from the
fresh pork muscles. Trimmed muscles were ground thro-
ugh an 8§ mm plate, after which the ground tissue was pla-
ced in polyethylene bags, vacuum-packaged using a vac-
uum packaging system (FJ-500XL, Fugee Tech, Korea)
and stored -20°C until irradiation.

The meat was irradiated at 10 kGy in a cobalt-60 irradi-
ator (point source, AECL, IR-79, Nordion international,
Canada) with source strength of 100 kCi in Advanced
Radiation Technology Institute of Korea Atomic Energy
Research Institute (Korea). The dose rate was 10 kGy/h at
1840.5°C. Dosimetry was performed using 5 mm diame-
ter alanine dosimeters (Bruker Instruments, Germany),
and the free-radical signal was measured using a Bruker
EMS 104 EPR Analyzer. The actual dose was within
2% of the target dose. The irradiated ground pork meat
was transferred to a refrigerator and stored until required
for product manufacture within 3 d.

Preparation of onion peel extract and kimchi powder

Onion peel extract was prepared as described by Shim
et al. (2012). Onions were obtained from a local market.
The onions were washed, the onion peels were dried for 8
h at 50°C in a hot air drier (Enex-CO-600, Enex, Korea),
powdered (35 mesh), and stored in polythene bags at 4°C.
Dried onion powder was extracted with 50% ethanol
overnight on a shaker at room temperature. The extract
was filtered through filter paper (@110 mm, No. 1, What-
man Inc., UK) and evaporated with a rotary evaporator
(EYELA N-1000, Rikakikai Co. Ltd., Japan) below 55°C.
After evaporation the ethanol, the onion peel ethanol
extracts were dissolved in distilled water to adjust identi-
cal solid concentration in extract (5 mg/mL). Commercial
Chinese cabbage kimchi was purchased from a local mar-
ket (Chongga Kimchi, Daesang FNF, Korea). Kimchi po-
wder was prepared with the method of Lee ef al. (2008)
and stored in a 4°C refrigerator until manufacturing sau-
sage.

Manufacturing of emulsion type pork sausage

Emulsion type pork sausages were manufactured with
following formulation: 60% lean pork meat, 20% pork
back fat, 20% ice water, nitrite pickled salt (NPS, 1.5%),
sodium tripolyphosphate (0.3%), monosodium L-glutam-
ate (0.06%), onion powder (0.3%), garlic powder (0.3%).
Control treatment was manufactured with non-irradiated
pork meat and the other treatments were manufactured
with irradiated pork meat. Control and IR treatments were
prepared without onion peel extract or kimchi powder.
IRO treatment contained 0.05% onion peel extract and
IRK treatment contained 2% kimchi powder. IROK treat-
ment contained both 0.05% onion peel extract and 2%
kimchi powder. Meat, fat, water and other ingredients
were emulsified using a silent cutter (Nr-963009, Schar-
fen, Germany). After emulsification, the meat batter was
stuffed into collagen casings (#240, NIPPI Inc., Japan;
approximate 25 mm diameter) using a stuffer (IS-8, Sir-
man, Italy), and then were heated at 80°C until 75°C at
core temperature for 30 min in smoke house. The cooked
sausages were cooled and vacuum-packaged. All samples
were stored in a 4°C refrigerator until use.

pH measurement

The pH values of cooked samples were determined
with a pH meter (Model 340, Mettler-Toledo GmbH,
Switzerland). The pH values were measured by blending
a 5 g sample with 20 mL distilled water for 1 min in a
homogenizer (Ultra-Turrax T25, Janke & Kunkel, Ger-
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many).

Instrumental color evaluation

The instrumental color of each cooked samples was
determined using a colorimeter (Minolta Chroma meter
CR-210, Japan; illuminate C, calibrated with a white plate,
CIE L*=+97.83, a*=-0.43, b*=+1.98), and are reported in
the CIE system values of lightness (CIE L*), redness (CIE
a*), and yellowness (CIE b*).

Thiobarbituric acid reactive substance (TBARS)

TBARS was measured by the modified 2-thiobarbituric
acid extraction method of Witte ef al. (1970). TBARS
were calculated as mg of malondialdehyde (MDA) per kg
sample.

Volatile basic nitrogen (VBN)

Volatile basic nitrogen was determined by the Conway
micro-diffusion method according to Pearson (1968), and
was express as mg% of sample. The VBN value was then
calculated using the following equation.

VBN (mg%) = [{(a — b) X fx 28.014} / S] x 100

Where S is the sample weight in grams, a is the volume
(mL) of added H,SO, in sample and b is the volume (mL)
of added H,SO, in blank, and f'is the standard factor of
H,SO,.

Total plate count

To determine the bacterial count for each sample, 10 g
of the sample was aseptically transferred into a sterile
stomacher bag and 100 mL of sterile 0.1% peptone water
(Difco, USA) was added. The sample was then homoge-
nized in a stomacher (Masticater-Paddle-Blender, TUL
Instrument, Spain) for 2 min at normal speed and aliquots
were plated out directly at 1:10 dilution in 0.1% peptone
water. After serially diluting each sample in sterile pep-
tone water, 0.1 mL portions were separately plated onto
plates. The total bacterial count was determined on plate
count agar (PCA, Difco, USA) at 35°C for 48 h. Micro-
bial colonies were counted and expressed as Log CFU
(colony forming units)/g sample of sausage.

Sensory evaluations

The sensory evaluations were performed in duplicate
on each sausage by sensory panelist. A trained ten-mem-
ber panel was used to evaluate the emulsion type cooked
sausage made with irradiated pork meat. The samples

were cut into 10 mm slices and served to the panels when
samples were at room temperature. The sausages were
evaluated for color, flavor, tenderness, off-flavor and
overall acceptability using a 10 point horizontal scale.

Statistical analysis

An analysis of variance were performed on all the vari-
ables measured using the General Linear Model (GLM)
procedure of the SAS statistical package (SAS, 2008).
Duncan’s multiple range test (p<0.05) was used to deter-
mine differences between treatment means.

Results and Discussion

pH value of emulsion sausages during chilled stor-

age

The effects of kimchi powder and onion peel extract on
the changes in the pH value of emulsion sausages pre-
pared with irradiated pork are presented in Table 1. Imm-
ediately after manufacture, the emulsion sausage prepared
with kimchi powder (IRK and IROK treatments) showed
slightly lower pH values than the other treatments. Simi-
larly, Lee et al. (2008) reported that breakfast sausages
containing freeze dried kimchi powder or hot air dried
kimchi powder reduced the pH value of the breakfast sau-
sages due to the pH reduction by the kimchi powder. In
addition, Choi (2012) reported that the reduction in pH
value due to the addition of kimchi powder was observed
for the emulsion sausages prepared with irradiated pork.
During storage period, the pH values of all treatments
increased for 1 wk and decreased thereafter. Generally,
the change in pH value of meat products during storage
gradually decreased due to the growth of lactic acid bac-
teria during storage (Fernandez-Lopez et al., 2008). Han
et al. (2006) reported a similar result that the pH of orien-
tal medicinal seasoned pork slightly increased at the early
storage and then gradually decreased. In this study, at the
final storage time (4 wk), IRK and IROK treatments still
showed the decreased pH values when compared to the
other treatments. Thus, this result suggests that the addi-
tion of kimchi powder greatly influence on the change in
pH value during storage period of emulsion sausages pre-
pared with irradiated pork.

Color of emulsion sausages during chilled storage

The effects of kimchi powder and onion peel extract on
color of emulsion sausage prepared with irradiated pork
are shown in Table 2. CIE L* value (lightness) of IRK
and IRKO treatments were lower than the other treat-
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Table 1. Effects of kimchi powder and onion peel extract on the pH values of emulsion sausages prepared with irradiated pork

during chilled storage

Storage period Con Treatments”
(wks) IR IRO IRK IROK
0 6.28+0.02%° 6.29£0.017° 6.29£0.017° 6.27£0.017% 6.25+0.015%¢
1 6.32+0.01% 6.37+0.04 6.34+0.01482 6.33+0.01% 6.29+0.03
2 6.28+0.025% 6.34+0.03%° 6.28+0.015¢ 6.28+0.015° 6.26+0.045®
3 6.30+0.024% 6.26=0.015% 6.23+0.01¢ 6.27+0.02/B 6.22+0.04°
4 6.25+0.017 6.24+0.01"B¢ 6.22+0.015% 6.25+0.022¢ 6.20+0.03%

All values are meantSD.

ACMean sharing different letters in the same row are significantly different (p<0.05).

*d\Mean sharing different letters in the same column are significantly different (p<0.05).

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.

Table 2. Effects of kimchi powder and onion peel extract on the instrumental color of emulsion sausages prepared with irradi-

ated pork during chilled storage

. Storage period Treatments"”
Traits (wks) Con IR RO IRK IROK
0 77.59+0.65" 77.57£1.11% 77.7120.51% 74.63+0.36™ 74.73+1.04%
CIE L* 1 77.81%1.07° 78.88+£0.52°"  78.06+0.63*%*  75.65+0.60" 74.75+0.81"¢
) 2 78.37+0.69°8 79.09+0.538 78.27+0.838% 78.64+0.48482 75.15+0.56%
(lightness) B Bbe Aa b Cab
3 77.72+0.56 78.0120.60 78.65+0.29 75.81+0.42 75.97+0.29
4 78.18+0.798 78.92+0.5742 78.81+0.56"B2 75.40+0.83P° 76.71+0.46
0 3.294+0.115® 2.76+0.15% 2.81+0.08%* 4.36+0.18" 438+0.18"
CIE a* 1 3.41+0.1952 2.58+0.12<° 2.81+0.09% 4.46+0.137 4.47+0.34"
a 2 3.16+0.10%¢ 2.46+0.10P" 2.77+0.065¢ 2.79+0.10<° 4.23+0.24"
(redness) Babc Dbc Cbe Aa A
3 3.26+0.11 2.54+0.16 2.66+0.16 4.48+0.22 4.54+0.20
4 3.214+0.065% 2.42+0.05"° 2.66+0.10%° 4.43+0.28" 4.29+0.25"
0 10.30+0.22%° 10.51+0.23¢B¢ 10.66+0.185¢ 17.87+0.22°° 17.85+0.40%¢
CIE b 1 10.74+0.205 11.00+0.175® 10.99+0.1982 18.36+0.25% 18.5140.544®
" 2 10.79+0.28* 10.77+0.20%% 10.92+0.195¢P 11.05+0.16" 18.01£0.514
(yellowness) Ca BCab Ba Aa Aa
3 10.70+0.16 10.87+0.37 11.10£0.17 18.35+0.31 18.55+0.32
4 10.75+0.1252 10.87+0.095° 10.92+0.2182 18.34+0.274° 18.50+0.2542

All values are mean£SD.

A-DMean sharing different letters in the same row are significantly different (p<0.05).

**Mean sharing different letters in the same column are significantly different (p<0.05).

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.

ments. Also, adding kimchi powder led to an increase in
CIE a* (redness) and b* (yellowness) values. These results
indicate that the red color of kimchi powder affects the
color of emulsion sausage made with irradiated pork. As
a similar result, Lee ef al. (2008) reported that the redness
and yellowness of breakfast sausage increased with inc-
reasing concentration of kimchi powder. On the other
hand, the redness of emulsion sausage prepared with irra-
diated pork and onion peel extract was lower than that of
the control (non-irradiated treatment).

Generally, nitrites are extensively used to develop cured
pink color. Nitrite is combined with myoglobin to form
nitrosomyoglobin which is converted to the nitrosomyo-
chromogen (cured pink color pigment) by cooking. Inter-

estingly, previous studies reported that irradiation caused
the changes in meat color. Nam and Ahn (2002) sug-
gested that the change of oxidative status of heme-iron
and the production of new gaseous ligand compounds can
affect the color of meat, because fresh meat color is influ-
enced by the status of heme-iron and the sixth ligand of
myoglobin. Irradiation produced carbon monoxide (CO)
gas and the authors further speculated that CO-myoglobin
is a major factor affecting the increased red or pink color
in irradiated turkey breast. On the other hand, Choi
(2012) presented that the redness of sausage decreased
due to irradiation of pork, and suggested that the reason
for decreased redness of sausage prepared with irradiated
pork is the denaturation of myoglobin, resulting in the
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Table 3. Effects of kimchi powder and onion peel extract on thiobarbituric reactive substances (TBARS, mg MDA / kg meat)
value of emulsion sausages prepared with irradiated pork during chilled storage

Storage period Con Treatments'’
(wks) IR IRO IRK IROK
0 0.34+0.01C¢ 0.47+0.03"° 0.33+0.01°P1 0.40+0.02%7 0.30+0.01°°
1 0.38+0.03%¢ 0.52+0.0248¢ 0.40+0.02¢¢ 0.54+0.024° 0.47+0.055°
2 0.42+0.01¢° 0.58+0.024° 0.43+0.02¢° 0.57+0.024° 0.48+0.035°
3 0.53+0.025° 0.62:+0.044° 0.50+0.035° 0.60£0.014° 0.52+0.015°
4 0.62+0.025 0.7340.017¢ 0.61+0.015 0.70+0.02¢ 0.64+0.045

All values are mean£SD.

ADMean sharing different letters in the same row are significantly different (p<0.05).

**Mean sharing different letters in the same column are significantly different (p<0.05).

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.

delay of formation of nitrosomyoglobin.

TBARS value of emulsion sausages during chilled

storage

Thiobarbituric acid reactive substances (TBARS) val-
ues of all treatments increased during chilled storage peri-
ods (Table 3). The TBARS value of the IR treatment was
the highest (»p<0.05) at the initial storage time (0 wk).
This result indicated that irradiation accelerated lipid oxi-
dation. In many previous studies, irradiation contributed
for accelerating the lipid oxidation of meat products due
to the formation of free radicals. Diehl (1995) suggested
that hydroxyl radicals produced due to irradiation in aque-
ous systems accelerated lipid oxidation, and Ismail et al.
(2008) reported that irradiation significantly affects lipid
oxidation of meat because meat contains over 75% water.
Zanardi et al. (2009) demonstrated that Italian dry-cured
pork products (salame, coppa and pancetta) irradiated at 8
kGy showed significantly different TBARS values from
those of non-irradiated pork products. In previous studies,
kimchi could act as a pro-oxidant as well as antioxidant
in some situations, depending on its fermentation temper-
ature, and the presence of transition metal ions. Lee et al.

(2011b) reported that the addition of kimchi ethanolic
extracts decreased the TBARS values of cooked pork,
btu, Choi (2012) reported that emulsion type cooked sau-
sage manufactured with kimchi powder showed very high
TBARS values, and suggested that kimchi powder accel-
erates lipid oxidation. In this study, the emulsion sausage
containing only kimchi powder (IRK treatment) showed a
higher TBARS value than IROK treatment (p<0.05),
whereas similar TBARS value to that of IR treatment (p>
0.05). This result might be associated with the pro-oxi-
dant effect of kimchi powder at the final storage time (4
wk). As expected, the TBARS values of IR treatments
prepared with onion peel extract were lower than that of
IR treatments without onion peel. It is considered that
lipid oxidation is inhibited by antioxidative compounds
within onion peel extract. Shim et al. (2012) reported that
the addition of onion peel extract significantly reduced
the TBARS values of ground pork throughout storage.
Kim and Kim (2006) reported that both the quercetin lev-
els and free radical scavenging activity of onion skin,
were higher than those of any other part of the onion. For
this reason, our results suggest that onion peel extract
may retard lipid oxidation of emulsion sausage prepared

Table 4. Effects of kimchi powder and onion peel extract on the volatile basic nitrogen (VBN, mg%) value of emulsion sausages

prepared with irradiated pork during chilled storage

Storage period Con Treatments”
(wks) IR IRO IRK IROK
0 10.77+0.915¢ 11.55+0.458¢ 8.07+0.46 12.30+0.827¢ 11.13+0.38%8¢
1 11.54+0.908¢ 12.87+0.705¢ 8.80+0.60" 15.00£1.114d 11.58+0.60B¢
2 12.70+1.21¢% 15.17+1.04B 8.80+0.53Pb¢ 17.33£0.994¢ 15.03+0.905¢
3 14.60+1.255 14.67+0.42Bb 10.00£0.90%° 19.23+0.85P 13.47+0.615°
4 18.50+1.555¢ 16.73+0.95% 13.07+1.30P2 23.47+0.587¢ 16.35+0.65

All values are meantSD.

ADMean sharing different letters in the same row are significantly different (p<0.05).

#*Mean sharing different letters in the same column are significantly different (p<0.05).

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.
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with irradiated pork.

VBN value of emulsion sausages during chilled sto-

rage

Volatile basic nitrogen (VBN) is an important index to
determine freshness of meats and meat products. Decom-
position of meat protein during storage causes the forma-
tion of volatile compounds, resulting in an increase in the
VBN value (Jay, 1992). VBN values of all treatments
increased, depending on storage times. While VBN value
of IRK treatment is highest (p<0.05), VBN value of IRO
treatment is lowest. This result indicated that the addition
of kimchi to meat products leads to an increase in the
VBN value. Similarly, a previous study has demonstrated
that kimchi ethanolic extract results in an increased VBN
value for refrigerated cooked pork (Lee, 2011). The VBN
value of kimchi consistently increased during the fermen-
tation period and it is considered that soused shrimp, a
kimchi ingredient, may affect the high VBN value of
kimchi (Chung et al., 1994). On the other hand, Liu et al.
(2009) reported that chicken sausages with the addition of
rosemary or Chinese mahogany might have significantly
decreased VBN values, because rosemary or Chinese ma-
hogany contained some antimicrobial compounds. Thus,
this study suggested that VBN value is greatly associated
with the growth of microorganisms. In our study, the
VBN value of the IRO treatment was lowest at the end of
the storage period and an inhibition of the putrefaction of
meat appeared to be caused by the onion peel. The VBN
value of the IROK treatment is lower than that of the IRK
treatment, and is higher than VBN value of IRO treatment.
Previously, antimicrobial effect of onion peel against Ba-
cillus cereus, Staphylococcus aureus, Microcroccus lu-
teus, and Listeria monocytogenes has been reported (Kim
et al.,2011b; Lee et al., 2011a; Santas et al., 2010). Thus,
our result which showed a slight decreasing the VBN
value might be due to the antimicrobial effect of onion
peel extract. Consequently, our study demonstrated that

the addition of onion peel extract decreased the VBN
value of emulsion sausages prepared with irradiated raw
meat and kimchi powder.

Total plate count of emulsion sausages during

chilled storage

Table 5 presented the level of total bacterial loading on
refrigerated emulsion sausages for 4 wk. The bacterial
populations of all treatments tended to increase during the
storage period. Sausages made with IR treated meat
showed lower bacterial counts than sausages made with
non-IR treated meat. Food irradiation technology gener-
ally has an anti-microbial effect (Kanatt ef al., 2005). The
maximal dose of irradiation used in food for commercial
applications is 10 kGy (Crawford and Ruff, 1996). In this
study, however, IRK and IROK treatments exhibited high
levels of bacteria until 3 wk. It is considered that kimchi
powder results in a significant increase in the overall ini-
tial microbial count due to the presence of lactic acid bac-
teria and Bacillus spp. (Chang et al., 2011). Hong et al.
(2007) reported that powder of fermented kimchi showed
a total microbial load of 6 Log CFU/g. However, the total
bacterial population of IRK and IROK treatments showed
lower levels than those of the control at the end of stor-
age. IRO treatment had a lower level of total microbial
loading due to the addition of onion peel extract. Kim ef
al. (2011a) reported that 0.06% minimum inhibitory con-
centration values of the ethyl acetate fraction of onion
peel extract on Staphylococcus aureus showed a signifi-
cant antibacterial effect. A previous study has suggested
that the antibacterial effect of onion is due to the presence
of sulfur compounds (Sheo, 1999). Although all treat-
ments were manufactured with irradiated pork meat
except control, each treatment presented a different level
of total bacterial population. This result revealed the ten-
dency for total bacterial population to be more greatly
affected by additives than by irradiation on raw material.

Table 5. Effects of kimchi powder and onion peel extract on the total aerobic bacterial counts (Log CFU/g) of emulsion sausages

prepared with irradiated pork during chilled storage

Storage period Con Treatments”
(wks) IR IRO IRK IROK
0 1.88 1.56 1.64 2.00 2.11
1 2.15 1.88 1.95 2.58 2.58
2 2.66 2.11 2.23 2.81 2.89
3 3.13 2.73 2.81 3.28 3.52
4 4.45 2.89 3.13 3.90 4.02

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.
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Table 6. Effects of kimchi powder and onion peel extract on the sensory properties of emulsion sausages prepared with irradi-

ated pork during chilled storage

. Storage period Treatments”
Traits (wks) Con IR RO IRK TROK
0 7.83+0.98 7.67+1.03 7.50£1.05 8.33+0.82 8.33+0.82
Color 1 7.33+0.528 7.33+0.52° 7.17+0.41° 8.60+0.55" 8.60£0.55%
2 8.00+0.76"P 7.75+0.71% 7.75+0.71% 8.75+0.71* 8.75+0.71%
3 8.00£0.58%P 7.00+0.82°¢ 7.14£0.69°C 8.43+0.53" 8.29+0.95%
0 8.25+0.96% 7.00+0.89 7.50+£1.29 8.00+1.15% 8.00=1.00°
Flavor 1 7.83+0.414B 6.50+1.05¢ 6.83+0.755C 7.83+£0.414% 7.83+0.414%
2 8.50+0.76"1 7.71£0.49° 8.00+0.58"P 8.71+0.76" 8.71+0.76"
3 7.14+0.38° 7.57+0.98 7.57+0.98 7.00£1.10° 6.86+1.07°
0 8.33+0.82 8.17+0.98 8.67+0.82 8.67+0.82 8.67+0.82
Tenderness 1 7.83+0.41 7.83+0.41 7.83+0.41 7.83+0.41 7.83+0.41
2 8.63+0.74 8.50+0.76 8.25+0.89 8.50+0.76 8.50+0.76
3 8.00+0.58 8.14+0.38 8.29+0.49 7.86+0.69 7.86+0.69
0 1.67+0.828° 4.83+0.75%° 4.33+0.82% 2.17+0.988° 2.33+0.828°
Off-flavor 1 2.83i0.75‘fab 4.67+0.824° 5.17+0.75" 4.33+0.82% 4.00£0.894
2 2.50+0.93® 5.63£0.747% 5.00+£0.934B 4.63+0.525 4.25+0.718
3 3.1440.90%* 6.00:£0.8242 5.00+0.828 4.86+0.905¢ 4.29+0.495°
0 8.67+0.82° 7.67+0.82% 8.25+0.96° 9.00:£0.89 8.83+0.98
Overall 1 7.50+0.55% 6.50:£1.05" 6.33+0.82"° 7.67+0.52* 7.83+0.41%
acceptability 2 8.50+0.76° 7.80+0.45% 8.00+0.82° 8.17+1.17 8.33+0.82
3 7.43+0.53° 7.71£0.95° 7.71+0.76 7.71£0.76 8.00:£0.82

All values are mean+SD.

ACMean sharing different letters in the same row are significantly different (p<0.05).

“®Mean sharing different letters in the same column are significantly different (p<0.05).

DTreatments: Con, non-irradiated pork; IR, 10 kGy irradiated pork; IRO, 10 kGy irradiated pork and 0.05% onion peel extract; IRK, 10
kGy irradiated pork and 0.5% kimchi powder; IROK, 10 kGy irradiated pork, 0.05% onion peel extract, and 0.5% kimchi powder.

Sensory properties of emulsion sausages during

chilled storage

IRK and IROK treatments had the highest preference
score in terms of color. Also, the flavor score of IRK and
IROK treatments presented significantly higher values.
However, there was no difference between the tenderness
of all treatments. The off-flavor score of the IR treatment
was the highest while the off-flavor score of control treat-
ment is the lowest. This result further confirms that irra-
diation has a negative effect on flavor. Ahn et al. (1998)
found that irradiated pork produced stronger odor than
that of non-irradiated pork. In terms of overall acceptabil-
ity, control, IRK and IROK treatments returned higher
scores than other treatments. Lee (2011) reported that
low-fat sausages containing kimchi powder scored higher
in a sensory evaluation due to their improved color and
flavor resulting from the presence of kimchi powder, and
this study showed similar results. The addition of kimchi
powder not only reduces irradiation off-odor, but also
improves the color and flavor of irradiated meat products.

In conclusion, the addition of kimchi powder had posi-
tive effects on color and sensory properties of emulsion

sausages prepared with irradiated pork, whereas negative
effects on the lipid oxidation, protein deterioration, and
the growth of micro-bacteria. The addition of onion peel
extract improved these problems due to its antioxidant
and antimicrobial effects. Thus, combined use of kimchi
powder and onion peel extract could be an effective way
to improve quality characteristics and shelf stability of the
emulsion sausages formulated with irradiated pork during
chilled storage.
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