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Abstract

Ground pork containing 0, 1, 2, or 3% rice bran fiber was prepared. pH increased as the amount of rice bran fiber added
increased (p<0.05) but decreased during storage. The lightness and redness values of the raw ground pork decreased with
the addition of rice bran fiber, and ground pork containing 3% rice bran fiber had the highest yellowness value during early
storage (p<0.05). Moreover, adding rice bran fiber was not associated with color stability during storage. Samples contain-
ing 2 or 3% rice bran fiber had improved cooking loss, hardness, gumminess, and chewiness. Furthermore, rice bran fiber
enhanced tenderness, juiciness, and overall acceptability on a sensory evaluation. These physico—chemical properties were
maintained to the final storage period. The best results were obtained with ground pork containing 2 or 3% rice bran fiber.
Rice bran fiber combined with useful antioxidants may be a more effective approach to increase the stability of ground pork

during cold storage.
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Introduction

Recently, consumers that value the importance of health
have been demanding functional and healthy meat prod-
ucts. Functional meat and meat products are respectively
manufactured by feeding functional material to livestock
or by adding functional source to meat products with the
aim of satisfying the needs of these consumers in regards
to making low-fat and low-calories meat products (Jime-
nez Colmenero, 2000; Yang et al., 2002; Youssef and
Barbut, 2011). These functional materials, mainly obtained
from plants, have positive effects when added to meat
and one of these functional materials is dietary fiber.
Dietary fibers are derivatives that are not digested by
enzymes in the human body and include oligosaccha-
rides, polysaccharides, and lignin (Lim ef al., 2004). The
positive physiological effects of these materials are
already well known, especially in the meat processing
industry, the addition of dietary fiber to meat products
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improves the binding properties of raw meat, emulsion
stability, and mineral holding capacity (Lim et al., 2004;
Thebaudin et al., 1997). The dietary fibers used on meat
products are typically husk group such as rye bran, oat
bran, and wheat bran and vegetable group (Garcia et al.,
2002; Yilmaz and Daglioglu, 2003; Yilmaz, 2004; Yilmaz,
2005). These previous studies have examined the ability
of dietary fibers to improve the quality characteristics of
meat products; however, no study has examined the effect
of dietary fibers on changing the quality characteristics of
ground pork products during storage periods.

One potential source of dietary fiber is rice bran fiber,
which is made by rice polishing. In Korea, the amount of
rice bran fiber produced annually ranges from 400,000-
500,000 tons (Choi et al., 2008). This rice bran has a high
lipid content which can cause lipid oxidation; however,
approximately 20-25% of this rice bran consists of
dietary fibers (Lee and Shin, 2006). Interestingly, pre-pro-
cessed rice bran (through removal of fat etc.) has been
used to improve the quality of various meat products. Pre-
vious studies have examined many aspects of rice bran
including; 1) the effects of rice bran fiber on the quality
characteristics of various meat products (Choi et al.,
2008; Huang et al., 2005), 2) the utilization of a fat
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replacer (Choi et al., 2009; Choi et al., 2010). Most of
these studies examined the effect of adding 1-3% rice
bran fiber levels. Consumers usually consume commer-
cial meat products after the product has been distributed
and stored rather than consuming it directly after manu-
facturing; therefore, there is a need to examined the effect
of dietary fibers on the quality characteristics of meat
products during storage.

Therefore, we evaluated changes in the physicochemi-
cal and sensorial properties of ground pork containing
various concentrations of rice bran fiber. Our results pro-
vide important data for consumers and researchers inter-
ested in meat products containing dietary fiber, especially
for products containing rice bran fiber.

Materials and Methods

Preparation and processing of rice bran fiber

The rice bran (Japonica rice cultivar, Oriza sativa L.)
was purchased from a market in Geochang, Korea. It was
ground in a mill, to pass through a 25 mesh sieve, roasted
at 105°C and defatted with hexane (n-hexane 95%) in a
shaker (BS-11, Lab. Companion, Korea) overnight. The
defatted rice bran was treated with 0.6% termamyl (heat
stable alpha-amylase) at 95°C for 1 h to remove starch,
followed by filtration. The residue was washed three
times with four volumes of hot water (100°C), allowed to
equilibrate at room temperature (20°C, 6 h) then washed
with 99.9% ethanol (preheated to 60°C), followed by fil-
tration. The resulting residue was dried (55°C) overnight
using an air oven and cooled. The rice bran fiber was
placed in polyethylene bags, vacuum sealed using vacuum
packaging system (FJ-500XL, Fujee Tech., Korea), and
stored at 4°C until used. The chemical and physical prop-
erties of rice bran fiber is as follows; moisture (11.73+
0.32 mg/100 g), protein (21.91+0.43 mg/100 g), fat (4.31
+0.43 mg/100 g), ash (7.42+£0.24 mg/100 g), digestible
carbohydrates (1.38+0.18 mg/100 g), dietary fiber (53.25
+0.79 mg/100 g), pH (7.07+0.04), and color parameters
(CIE L', 66.10£0.20; CIE a*, 4.73+0.04; CIE b", 16.06+
0.06) (Choi et al., 2011).

Manufacturing of ground pork

Fresh pork meats were purchased from a local proces-
sor at 48 h postmortem. Pork back fat was also collected.
All subcutaneous and inter-muscular fat and visible con-
nective tissue were removed from the fresh ham muscles.
Lean muscles and pork back fat were initially ground
through -8 mm plate using a meat grinder (PM-70,

Mainca, Spain). The ground meat and fat were packaged
with Nylon/PE film bags, and stored at 4°C.

All samples were composed by 80% pork ham (M.
biceps femoris, M. semitendinosus, and M. semimembra-
nosus), 15% pork fat, 5% ice water and 1.5% NaCl. The
mixtures from each batch were mixed by hand for 5 min.
Each batch of samples consisted of four samples, which
differed in composition with respect to rice bran fiber lev-
els (0, 1, 2, and 3%). Mixed samples were packaged with
Nylon/PE film bags, stored in a refrigerator (4°C) for 15
d and evaluated after 0, 3, 6, 9, 12, and 15 d of storage
periods.

pH measurements

The pH values of samples were determined with a pH
meter (Model 340, Mettler-Toledo GmbH, Switzerland).
The pH values of samples were measured by blending a 5
g sample with 20 mL distilled water for 60 s in a homog-
enizer at 8,000 rpm (Ultra-Turrax SK15, Janke & Kunkel,
Germany).

Instrumental color evaluations

The instrumental color analysis of ground pork was
conducted. Color measurements were taken with colorim-
eter (Chroma meter CR-210, Minolta, Japan; illuminate
C, calibrated with white standard plate CIE L'=97.83,
CIE a'=-0.43, CIE b'=+1.98), consisted of an 8 mm
diameter measuring area and a 50 mm diameter illumina-
tion area. Color values (CIE L, a", and b") were mea-
sured on the surface of samples and results were taken in
triplicate for each sample.

Cooking loss

Cooking loss was determined by calculating the weight
differences before and after cooking as follows. All sam-
ples evaluated after at 0, 3, 6, 9, 12, and 15 d of storage.

Cooking loss (%)
= [(weight of raw sample (g) — weight of cooked sample
(g))/weight of raw sample (g)]*x100

TBA (2-thiobarbituric acid) values

Lipid oxidation was assessed in triplicate by the TBA
(2-thiobarbituric acid) method of Tarladgis er al. (1960)
with minor modifications. A 10 g sample was blended
with 50 mL distilled water for 2 min and then transferred
to a distillation tube. The cup used for blending was
washed with an additional 47.5 mL of distilled water,
which was added to the same distillation flask with 2.5
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mL 4 N HCI and a few drops of an antifoam agent, sili-
cone o/w (KMK-73, Shin-Etsu Silicone Co., Ltd., Korea).
The mixture was distilled and 50 mL distillate was col-
lected. 5 mL of 0.02 M 2-thiobarbituric acid in 90% ace-
tic acid (TBA reagent) was added to a vial containing 5
mL of the distillate and mixed well. The vials were
capped and heated in a boiling water bath for 30 min to
develop the chromogen and cooled to room temperature.
The OD was measured at 538 nm, against a blank pre-
pared with 5 mL distilled water and 5 mL. TBA-reagent,
using a UV/VIS spectrophotometer (Optizen 2120 UV
plus, Mecasys Co., Ltd., Korea). Thiobarbituric acid-reac-
tive substances (TBARS) were calculated from a standard
curve (8-50 nmol) of malondialdehyde (MDA), freshly
prepared by acidification of TEP (1,1,3,3-tetracthoxy pro-
pane). Reagents were obtained from Sigma (UK). The
TBA levels were calculated as mg MDA/kg meat.

VBN (volatile basic nitrogen) values

VBN (mg%) test was performed to determine the extent
of protein deterioration during refrigerated storage (4°C).
VBN was measured by the modified micro diffusion assay
according to the method of Pearson (1968).

VBN (mg%)
= [(@—b)x(f* 0.02 x N x 14.007 x 100 x 100)/S]

Where, a=titer for sample, b=titer for blank, /~factor of
reagent, N=normality, S=sample weight (g)

Texture profile analysis (TPA)

The profile analysis was performed in duplicate on
each ground pork. Samples were cooked at 75°C for 30
min, and then cooked samples were cooled to at room
temperature for 1 h to determine texture properties. The
textural properties of each sample were measured by a
spherical probe (5 diameters), set attached to a Texture
Analyzer (TA-XT2i, Stable Micro System Ltd., UK). The
test conditions were as follow : stroke, 20 g; test speed,
2.0 mm/s; distance, 10.0 mm. Data were collected and
analyzed from the hardness (kg), springiness, cohesive-
ness, gumminess (kg), and chewiness (kg) values.

Sensory evaluations

The samples were evaluated for color, flavor, juiciness,
tenderness, and overall acceptability, and sensory evalua-
tion were performed in triplicate for each sample using
trained panelists. The panel consisted of 15 members
from the Department of Food Sciences and Biotechnol-
ogy of Animal Resources at Konkuk University in Korea.

15 panelists were chosen from 20 potential panelists
using basic taste identification test. The cooked samples
as previously described were cooled to room temperature
at 25+1°C and cut and served to the panelists in random
order. The sensory evaluations were performed by the
panelists under fluorescence lighting. Panelists were
instructed to cleanse their palates between samples using
water. The color, flavor, and overall acceptability
(1=extremely undesirable, 10=extremely desirable), ten-
derness (1=extremely tough, 10=extremely tender), juici-
ness (1=extremely dry, 10=extremely juicy) of the cooked
samples were evaluated using a 10-point descriptive
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 Institute,
Inc., 1999). Duncan’s multiple range test (p<0.05) was
used to determine differences between treatment means.

Results and Discussion

Changes in pH value and instrumental color of

raw ground pork

Fig. 1 shows the changes in the pH value of ground
pork containing rice bran fiber during refrigerated storage
0, 3, 6,9, 12, and 15 d). In these experiments, the pH
values of raw pork meat and rice bran fiber were 5.87 and
7.07, respectively. As the rice bran fiber level was incre-
ased so did the pH value during the initial storage period,
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Fig. 1. Change in pH values of ground pork with containing
various rice bran fiber levels during chilled storage
periods. Control, without rice bran fiber; T1, ground
pork added with 1% rice bran fiber; T2, ground pork
added with 2% rice bran fiber; T3, ground pork added
with 3% rice bran fiber
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Table 1. Effect of rice bran fiber levels on changes in instrumental color of external uncooked ground pork during storage peri-

ods
Treatments"
Traits St‘orage Control
periods (d) T1 T2 T3
0 51.974+0.594¢ 51.41+0.29% 50.38+0.57% 49.72+0.48P¢
3 53.06+0.5544 51.91+0.36"% 50.49+0.59% 50.58+0.22¢4
CIEL* 6 55.50+0.86"° 55.04+1.464° 52.31+1.45% 51.79+0.95%
9 55.08+1.08"¢ 55.44+1.49° 53.49+1.40%° 53.88+1.43%
12 57.67+£1.25% 56.83+1.508 55.52+1.15% 54.75+1.20%
15 56.79+1.85% 56.82+1.45%8 54.29+1.358 53.76+1.66"°
0 15.81+0.4742 15.29+0.7142 13.01+0.365 11.97+0.43¢
3 14.44+0.554° 12.33+0.458° 11.6340.428¢® 10.86+0.66<°
CIE 2" 6 13.91£0.407 11.79+0.478% 11.71+0.465° 9.81+0.50¢¢
9 13.78+0.307% 11.82+0.265 11.53+0.378° 9.83+0.80%
12 13.43+0.36"° 11.33+0.28"%¢ 11.18+0.46"° 10.09+0.27¢%
15 13.25+0.35%¢ 11.3540.508¢ 11.1540.248b 9.86+0.34¢¢
0 9.40+0.20 10.27+0.16"¢ 10.19+0.32B¢ 11.26+0.3079
3 10.25+0.14P 10.93+0.385" 10.72+0.27¢ 11.50:£0.10%<
CIE b* 6 10.16+0.88" 10.99+0.7452 11.33+0.60B2 11.69+0.50%¢
9 10.52+1.085 11.4440.75%% 11.46:+0.84% 11.58+0.63<
12 10.76+0.85 11.5140.695° 11.50:£0.76" 12.11£0.682°
15 10.83+0.63¢* 11.57+0.305 11.51+0.385 12.77+£0.7142

All values are meantSD.

ADMeans in the same row with different letters are significantly different (p<0.05).
**Means in the same column with different letters are significantly different (p<0.05).
DTreatments: T1, ground pork added with 1% rice bran fiber; T2, ground pork added with 2% rice bran fiber; T3, ground pork added with

3% rice bran fiber

where T3 (3% rice bran fiber) has the highest pH value
(»<0.05). Choi et al. (2008) reported similar results and
demonstrated that occurred because the pH of rice bran
fiber is high. The pH values of the control and all treat-
ments significantly decreased during storage and all sam-
ples had the lowest pH values at 15 d (p<0.05). The high
pH value of the ground pork containing the rice bran fiber
at the early storage period contributed to the formation and
maintenance of the pH, which was high on the final storage
day. Vaithiyanathan et al. (2011) obtained similar results in
regards to the pH value. Demeyer and Vanderkerckhove
(1979) suggested that the change in the pH values of the
meat products in refrigerated storage was affected by the
addition of raw materials or additives and the formula-
tions or storage conditions could be adjusted to control
the pH. Also, the reason for the decline of the pH values
during storage was because of the accumulation of lactic
acid from proliferating microorganisms (Pearson and
Young, 1989). Finally, various factors can effect changes
in the pH values during storage periods; however, we
found that property of rice bran fiber has the largest influ-
ence on pH value during storage periods.

Meat color is the one of most important factors that

influences the quality properties of meat products and is
affected by a chemical change in myoglobin (Ang and
Huang, 1994). Especially, for meat products, additives
greatly influence the color formation and stability of the
final product. Table 2 shows the changes in the external
color of ground pork containing rice bran fiber. The light-
ness (CIE L") of the ground pork decreased at increased
rice bran fiber levels during the initial storage periods
(»<0.05). A similar trend was also observed at the end of
the storage periods. Choi et al. (2008) and Huang et al.
(2005) reported similar results. As the storage periods
increased, the lightness of all sample decreased signifi-
cantly (p<0.05). Hutchings (1999) reported that the light-
ness depended on moisture content, thus this phenomenon
may be relative to the loss of moisture in ground pork.
Values for redness (CIE a”) and yellowness (CIE b") were
also different at the different rice bran fiber levels (p<
0.05). The redness values were lower (p<0.05) in the rice
bran fiber treatment groups than the control and the yel-
lowness increased significantly (p<0.05) with an increase
in the rice bran fiber content during the initial storage
periods. At longer storage periods, the redness of all sam-
ples decreased significantly (p<0.05), where T3 showed
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Table 2. Change in textural properties of cooked ground pork with various rice bran fiber levels during chilled storage periods

Treatments"
Traits Stf)rage Control
periods (d) Tl T2 T3
0 0.66+0.04¢ 0.76+0.108¢ 0.86+0.09"B° 0.96+0.2070<
3 0.69+0.065¢ 0.70+0.065¢ 0.85+0.06"° 0.84+0.06"
6 0.75+0.09° 0.84+0.10% 0.98+0.11* 0.86+0.08"
Hardness (kg) Bab Bbc Aa Aab
9 0.80+0.08 0.83+0.09 0.96+0.09 1.01£0.19
12 0.87+0.07¢ 0.89+0.085¢" 0.95+0.107B2 0.98+0.094b
15 0.83+0.10% 0.97+0.11% 0.99+0.145 1.1340.13%
0 0.89+0.02% 0.92+0.024B2 0.95+0.03" 0.96+0.04"
3 0.86+0.03% 0.87+0.02% 0.88+0.02° 0.87+0.02°
. 6 0.87+0.022 0.87+0.03% 0.88+0.04% 0.89+0.05°
Springiness 9 0.85+£0.03% 0.86+0.03" 0.88:0.03" 0.880.02"
12 0.82+0.02° 0.84+0.03" 0.85+0.04% 0.84+0.04%
15 0.82+0.04° 0.83+0.03" 0.82+0.03° 0.81+0.03°
0 0.47+0.07 0.49+0.06 0.48+0.04 0.45+0.04
3 0.44+0.0348 0.45+0.04* 0.45+0.0248 0.42+0.03°
Cohesiveness 6 0.48+0.02 0.47+0.03 0.47+0.04 0.49+0.04
9 0.47+0.04 0.48+0.02 0.48+0.02 0.47+0.04
12 0.48+0.07 0.49+0.06 0.46+0.06 0.47+0.05
15 0.45+0.06 0.49+0.03 0.46+0.04 0.47+0.03
0 0.31+0.05"° 0.38+0.09"Bbe 0.42+0.077% 0.42+0.114%
3 0.3120.04%° 0.3240.05% 0.38+0.03"° 0.36+0.04"°
. 6 0.35+0.03% 0.39+0.05R¢ 0.46+0.04" 0.42+0.05%
Gumminess (kg) Bab Bed Aa Aab
9 0.38+0.05 0.37+0.05 0.47+0.04 0.49+0.11
12 0.41+0.082 0.43+0.05% 0.42+0.06™ 0.46+0.05°
15 0.37+0.07¢ 0.47+0.08"P2 0.45+0.06% 0.53+0.07"
0 0.31+0.055° 0.37+0.097B2 0.41+0.077%¢ 0.41+0.117
3 0.31+0.045° 0.32+0.05%¢ 0.38+0.03"¢ 0.35+0.04"°
. 6 0.34+0.03¢ 0.38+0.058¢ 0.43+0.047% 0.41+0.05"B2
Chewiness (kg) Bab Bbe Aa An
9 0.36+0.06 0.36+0.05 0.45+0.04 0.46+0.11
12 0.38+0.06° 0.4140.05% 0.39+0.06™ 0.43+0.06°
15 0.36+0.07° 0.42+0.05482 0.40+0.058C2be 0.46+0.04%

All values are mean+SD.

*CMeans in the same row with different letters are significantly different (p<0.05).
“d\Means in the same column with different letters are significantly different (p<0.05).
DTreatments: T1, ground pork added with 1% rice bran fiber; T2, ground pork added with 2% rice bran fiber; T3, ground pork added with

3% rice bran fiber

the lowest redness at the end of the storage periods. Phil-
lips et al. (2001) suggested that the decrease in redness
during storage was closely related to lipid oxidation;
therefore the lower redness of T3 (the higher TBA value)
may have been due to increased lipid oxidation. The yel-
lowness of all sample increased significantly (p<0.05) as
the storage time increased. This increase in yellowness
with storage period was also observed in the control,
which had the lowest yellowness at 0 d (»p<0.05). The
addition of rice bran fiber initially affected the color
parameters of ground pork; however, a similar change in
color during storage was observed for all samples and the
addition of rice bran fiber was not strongly correlated

with color stability.

Change in cooking loss of ground pork

Improvements in cooking loss are a main reason to add
dietary fiber to meat products. Many researchers have
reported an increase in cooking loss regardless of dietary
fiber source (Aleson-Carbonell et al., 2005; Huang et al.,
2005; Yilmaz, 2005). Fig. 2 shows the effect of the rice
bran fiber on the average cooking loss of ground pork.
The control showed the highest cooking loss (p<0.05)
and no significantly differences were observed between
T2 and T3 at 0 d (p>0.05). The cooking loss steadily
increased as a function of storage time; however, storage
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Fig. 2. Change in cooking loss of ground pork with contain-
ing various rice bran fiber levels during chilled stor-
age periods. Control, without rice bran fiber; T1, ground
pork added with 1% rice bran fiber; T2, ground pork
added with 2% rice bran fiber; T3, ground pork added
with 3% rice bran fiber

time did not affect the differences of cooking loss
between the early control and treatments. Moreover, there
were no significantly difference (p>0.05) in the purge
loss among all samples (data not shown). T2 and T3 had
the lowest cooking loss after the final storage time, and
control had an inferior cooking loss as contrasted with
rice bran fiber treatment. Generally, cooking loss improves
when the pH is higher than the isoelectric point (pH value
5.0). Also during storage periods, cooking loss is affected
by many other factors such as denaturation and deteriora-
tion of protein (Flores et al., 2000; Kauffman et al.,
1986). The lower cooking loss observed during the initial
storage periods in samples containing the rice bran fiber
at initial storage periods was most likely due to the water
holding capacity and the higher pH values of rice bran
fiber. Eventually, the addition of rice bran fiber to ground
pork prevented the loss of moisture during storage peri-
ods as well as after immediately manufacturing against
the physical change such as cooking.

Changes in TBA and VBN values of raw ground

pork

The TBA value is a good indicator of lipid oxidation
and rancidity (Jones and Rogers, 1971), and the TBA val-
ues of the raw ground pork containing rice bran fiber are
shown in Fig. 3. There was a significant increase (p<
0.05) in TBA values of all samples after a 15 d storage
period. In the storage final stage, T3 had the highest TBA
value compared to the other samples; however, this dif-
ference was not significant (p>0.05). Suh (1984) reported
that meat products with a TBA value of more than 1 mg/
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Fig. 3. Change in TBA (2-thiobarbituric acid) values of
ground pork with containing various rice bran fiber
levels during chilled storage periods. Control, without
rice bran fiber; T1, ground pork added with 1% rice bran
fiber; T2, ground pork added with 2% rice bran fiber; T3,
ground pork added with 3% rice bran fiber

kg TBA cannot be consumed because of lipid rancidity.
Turner et al. (1954) also reported that about a TBA value
of 1.2 mg/kg TBA indicates that lipid oxidation was
already progressed significantly. The TBA values of all
samples at end of storage ranged from 0.62-0.72 MDA
mg/kg, all of which were below the threshold for con-
sumption. Park et al. (2003) reported that rice bran con-
tains phytonutrients such as vitamin B, vitamin E,
octacosanol, and y-oryzanol. In addition, Woo et al.
(2005) indicated that tocotrienol extracted from rice bran
produced a high antioxidative effect. However, in this
study, the addition of rice bran fiber was not related to the
TBA values. Although the rice bran was passed through
defatted process, the rice bran fiber still contains about
4% fat. Also, the defatted process uses organic solvents
(n-hexane), which can remove antioxidants in the rice
bran. Thus, the rice bran fiber did not inhibit lipid oxida-
tion.

The VBN value is a good indicator of protein deteriora-
tion and decomposition. Proteins in meat are decomposed
into peptides and amino acids by enzymes and microor-
ganisms when stored under cold conditions (Field and
Chang, 1969). The VBN values of the control and all
treatments increased as a function of the storage periods
(Fig. 4) and at end of storage, the control had higher VBN
values than the treatment groups (p>0.05). Kim et al.
(2008) previously reported a high VBN value for samples
treated with hot-air dried tomato powder. Kang et al.
(2002) indicated that the increase of VBN value is associ-
ated with the growth of bacteria and protein deterioration.
However, there is still no valid research on correlation
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Fig. 4. Change in VBN (volatile basic nitrogen) values of
ground pork with containing various rice bran fiber
levels during chilled storage periods. Control, without
rice bran fiber; T1, ground pork added with 1% rice bran
fiber; T2, ground pork added with 2% rice bran fiber; T3,
ground pork added with 3% rice bran fiber

between the addition of dietary fiber and VBN value, so
characteristic of dietary fiber depending on the source is
influence factors largest in a change of VBN wvalue.
Davies and Board (1998) suggested that a VBN value of
20 mg% can be used as a threshold to evaluate the degree
of freshness of raw and packed meat. All samples in this
study fell within this range after storage for 15 d.

Changes in textural properties of ground pork

Texture is an important factor dictating the quality char-
acteristics of products (Herrero et al., 2007). Table 2
shows the textural properties of cooked ground pork con-
taining various rice bran fiber levels. In the initial texture
profile analysis data, the hardness of the samples increased
with an increase in the rice bran fiber concentration. A
similar trend was observed for the springiness, chewiness,
and gumminess. However, there were no significantly
difference in cohesiveness among the samples (p>0.05).
Choi et al. (2008) previously reported that adding a suit-
able amount of rice bran fiber improved the textural prop-
erties of ground pork meat products. During chilled
storage of the samples, a significant increase in the hard-
ness of all samples was observed over the 15 d storage
period (p<0.05). Similar results were observed for the
gumminess and chewiness. The springiness decreased
after 15 d relative to the initial springiness (p<0.05). The
storage period did not significantly alter the cohesiveness
(»>0.05). Towards the end of the storage period (15 d), no
significant difference in springiness and cohesiveness was
observed between the control and treatments (p>0.05)
and the difference of hardness between the control and

treatment was similar to the 0 d hardness value. Can-
dogan and Kolsarici (2003) suggested that the hardness
increased during refrigerated storage due to water loss. In
addition Andrés et al. (2006) reported that the gumminess
and chewiness increased with increasing of the hardness
during storage, and cohesiveness and springiness did not
change significantly. Generally, the increase in hardness
during cold storage results from the change in moisture
content, if there was no change in these parameters, pro-
tein oxidation and modification of polysaccharides can
lead to an increase in the hardness of meat products (Gan-
hdo et al., 2010). These previous reports support the
results of the textural profile analysis in this study; major
reasons of change to textural properties on ground pork
with rice bran fiber are presumed to migrate and loss of
water. Thus, the addition of rice bran fiber into the meat
products not only improves the textural properties during
the initial storage period, but also maintains the superior
characteristics of the meat during cold storage.

Changes in sensory properties of ground pork

The sensorial properties of ground pork containing rice
bran fiber are shown in Table 3. During the initial storage
period, the addition of rice bran fiber did not significantly
affect the color and flavor (p>0.05). However, there were
significant differences in tenderness and juiciness (»p<0.05),
these results lead to satisfaction on overall acceptability
in T2 and T3. Choi et al. (2008) obtained similar results.
As the storage period increase, all sensory scores signifi-
cantly decreased (p<0.05). However, T2 and T3 were
found to have higher sensory scores compare with the
control and T1 after storage for 15 d. The tenderness and
juiciness had the highest correlation with the addition of
rice bran. As described above, T2 and T3 had an excel-
lent cooking loss due to the high water holding capacity
of the rice bran fiber. In many studies, the effect of
dietary fiber on to taste and flavor were shown to depend
on the properties of the dietary fiber, and the addition of
the appropriate dietary fiber was shown to positively
affect the tenderness, juiciness and sensory evaluation
during the early and final storage periods (Aleson-Car-
bonell et al., 2005; Choi et al., 2008; Huang et al., 2005).

The addition of rice bran fiber into ground pork greatly
affected the color, cooking loss, textural and sensorial
properties during the early storage periods. For these
characteristics, all treatment changes were similar to the
control during the storage periods, where the samples
with containing 2 and 3% rice bran fiber had the best
cooking loss and textural and sensorial properties after
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Table 3. Change in sensorial evaluation of cooked ground pork with various rice bran fiber levels during chilled storage periods

Traits St‘orage Control Treatments”
periods (d) T1 T2 T3
0 7.71£0.39° 7.71%0.76 8.57+0.53° 7.86+1.07
3 7.51+0.53° 7.57+0.79 8.00+0.58% 7.82+0.90
Color 6 7.42+0.6288 7.86+0.38"P 8.43+0.53%2 7.71£0.76®
9 7.29+0.49% 7.43+0.53 7.57+0.79° 7.62+0.76
12 7.14+0.38% 7.29+0.49 7.43+0.78° 7.43+0.79
15 7.00+0.82° 7.14+0.69 7.43+0.53° 7.29+0.49
0 8.23+0.90° 8.29+0.95° 8.36+0.76" 8.03+0.58°
3 8.14+0.69* 8.08+0.69%° 8.29+0.52° 8.00+£0.82°
Flavor 6 7.86+0.38° 7.71£0.49% 7.86+0.69%° 7.38+0.76%
9 7.43£0.53% 7.43£0.53% 7.57£0.53% 7.29+0.55%
12 6.71+0.76™ 6.71+0.76% 7.14+0.38" 6.57+0.79%
15 6.00+0.58° 6.00+0.58¢ 6.57+0.98° 6.14+0.69°
0 7.50+0.8488 7.92+0.49"B2 8.67+0.8242 8.75+0.762
3 7.33+0.5284® 8.00+0.327 8.50+0.55%® 8.42+0.491®
Tenderness 6 7.17+0.418® 7.83+0.757B2 8.00+0.89"Babe 8.25+0.521®
9 6.75+0.428% 7.58+0.491® 7.92+0.491b¢ 7.92+0.387
12 6.25+0.69%° 6.92+1.284Bb¢ 7.75+0.524% 7.4240.58"°
15 5.08+0.49¢¢ 6.42+0.495¢ 7.50:£0.554¢ 7.47+0.674°
0 8.25+0.765® 8.50+0.554B® 9.33+0.524% 9.33+0.824¢
3 8.00£0.635¢ 8.67+0.52/B4 9.17+0.75% 9.00+0.634
Tuiciness 6 7.33£1.038® 8.17+0.98AB® 8.67+0.524® 8.83+0.75%
9 7.4240.805 7.58+0.498% 8.42+0.497® 8.17+£0.68AB®
12 6.50+0.845 6.75+0.615¢ 8.00+0.554° 8.08+0.80"
15 6.17+0.755%¢ 6.92+0.8048¢ 7.83£0.754 7.67£0.614°
0 8.42+0.8088 8.67+0.5288 9.42+0.494 9.50+£0.5542
3 7.92:+0.208® 8.83+0.75"B2 9.17+0.98" 9.00+0.894%
Overall 6 7.50£0.5580¢ 8.67+£1.03" 8.83+0.411%® 8.67+0.821%®
acceptability 9 7.42+0.498b¢ 7.92+0.497B2 8.50+0.55%® 8.58+0.66"
12 6.83+0.41% 6.92+0.80°° 8.17+0.68"° 8.33+0.827
15 5.83+0.758¢ 6.58+1.114B 7.17+0.98"° 7.58+0.49"°

All values are mean+SD.

ACMeans in the same row with different letters are significantly different (p<0.05).
“d Means in the same column with different letters are significantly different (p<0.05).
DTreatments: T1, ground pork added with 1% rice bran fiber; T2, ground pork added with 2% rice bran fiber; T3, ground pork added with

3% rice bran fiber

the storage period of 15 d. Meanwhile, antioxidative
properties of treatments with rice bran fiber were deter-
mined to be low compared with control. Therefore, our
results suggest that the addition of rice bran fiber is effec-
tive in maintaining the physicochemical properties, and
the combined addition of useful antioxidants with rice
bran fiber may be an effective strategy for maintaining
the quality characteristics of meat products during cold
storage.
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