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Abstract

Brewer’s spent grain (BSG) is a by-product of beer manufacturing. This study was conducted to evaluate the effect of
dietary fiber extracts from brewer’s spent grain on quality characteristics of chicken patties. The total fiber content of BSG
dietary fiber extracts after extraction increased from 58.11% to 68.57%, and the extracted dietary fiber extracts were added
to chicken patties at 0, 1, 2, 3, and 4%, respectively. The effects of the BSG dietary fiber extracts on pH, color, cooking loss,
reduction in patty diameter, salt-soluble protein solubility, texture, and sensory characteristics of chicken patties were eval-
uated. The addition of BSG dietary fiber extracts decreased pH and lightness values, and increased redness and yellowness.
Chicken patties formulated with 3-4% BSG dietary fiber extracts had the lowest cooking loss among all treatments
(»<0.05). The diameter of chicken patties was not affected by the addition of BSG dietary fiber extracts. Additionally, no
significant difference was observed in salt-soluble protein solubility after adding 3% BSG dietary fiber extracts compared
to that in the control. Textural and sensory properties were different among the chicken patties, and the 3% BSG dietary
fiber-added chicken patty had the highest acceptability. Our results indicate that 3% BSG dietary fiber extract can be used
as a good source of dietary fiber for improving the quality characteristics of chicken patties.
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Introduction

Dietary fiber has received much attention from the food
industry as a functional ingredient to improve food qual-
ity and to provide physiological benefits such as regula-
tion of cholesterol and prevention of diabetes and intes-
tinal cancer (Ozvural et al., 2009). In particular, dietary
fiber is extensively used to improve textural and sensory
properties in many sectors of the meat industry (Wasz-
kowiak and Szymanadera-Buszka, 2008). Applications of
dietary fiber extracted from cereals, fruits, and vegeta-
bles, including apple, lemon, oat bran, peach, rye bran,
and wheat (Fernandez-Ginés et al., 2004; Garcia et al.,
2002; Yilmaz, 2004), have been extensively examined,
considering the characteristics and types of applied meat
products. Applying dietary fiber in by-products derived
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from the agri-food industry has been examined in several
foods. Improved quality of low-fat beef burgers was
observed by adding 1-2% hazelnut pellicle (Turhan ef al.,
2005). Choi et al. (2011) added extracted rice bran fiber,
which is generated during rice polishing, to pork salt-sol-
uble proteins. The results indicated that adding rice bran
fiber increased apparent viscosity. Additionally, Choi et
al. (2013) reported that makgeolli lees fiber, which is a
by-product of makgeolli (Korean traditional alcoholic
drink), improves the textural and sensory properties of
chicken emulsion sausage.

Barley is a one of the most important cereals in the
world and has been used as a main ingredient to make
various foods. In particular, malt, which is generated from
barely grain, is important to produce alcoholic drinks,
including beer and whisky (Jadhav et al., 1998). Various
by-products derived from main ingredients such as spent
grains, spent hops, and surplus yeast are generated during
beef manufacturing (Aliyu and Bala, 2011). Approxi-
mately 85% of the total brewing by-product is brewer’s
spent grain (BSG), which has been recognized as a func-
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tional material, and is rich in dietary fiber and low cost
by-products (Gupta et al., 2010; Musatto et al., 2006;
Robertson et al., 2010). Mussatto et al. (2008) also
reported that BSG contains cellulose (16.8%), hemicellu-
lose (28.4%), and lignin (27.8%). Thus, BSG seems to be
a good dietary fiber source to enhance meat product qual-
ity and to develop functional and low-fat meat products.
Ozvural et al. (2009) prepared frankfurters using BSG
and concluded that BSG is a high source of dietary fiber
to produce low fat meat products. However, information
on BSG dietary fiber extracts remains limited, and studies
are needed to develop BSG dietary fiber extracting pro-
cesses and to evaluate the effect of high-fiber BSG on
meat product quality characteristics.

Therefore, the objectives of this study were to investigate
the effect of incorporating a BSG dietary fiber extract into
chicken breasts at five different levels on physicochemi-
cal, textural, and sensory properties of chicken patties.

Materials and Methods

Preparation of dietary fiber extracts from brewer’s

spent grain (BSG)

Dietary fiber was extracted using the modified method
of Choi et al. (2011) based on the AOAC enzymatic-
gravimetric method (2007). BSG was obtained from a
commercial brewery (Hitejinro Co., Ltd., Korea). BSG
was washed three times with five volume of distilled
water to remove alcoholic components and foreign bod-
ies. To prevent rancidity in BSG, the residues were defat-
ted with five volume of hexane (n-hexane 95%) on a
shaker (BS-11, Lab. Companion, Korea) for 24 h. The
defatted BSG was gelatinized with 0.6% termamyl (heat
stable alpha-amylase) in a 95°C water bath for 1 h to
remove starch. After filtration, the residues were washed
three times with four volumes of heated distilled water
(100°C) and cooled to equilibrate to room temperature
(20°C). And then, the residues were washed with 99.9%
ethanol (preheated to 60°C) followed by filtration. The
residues were dried in a 55°C hot air dryer (Enex-Co-600,
Enexs, Korea) for 24 h. The dried residues were pulver-
ized using a milling machine (DK504, Sejungtech,
Korea), and the powder were passed through the 270
mesh testing sieves (Chung Gey Industrial Mfg. Co.,
Korea). A yield of powder was more than 95%. The prox-
imate composition of BSG dietary fiber extracts was
determined using AOAC guidelines (2007), and the results
are shown in Table 1.

Table 1. Proximate composition (%) of brewer’s spent grain
(BSG) dietary fiber extracts

Traits Before After Significance
(Dry basis) extracting” extracting (t-test)?
Moisture 4.28+0.53% 4.40+0.40 NS
Crude protein 19.60+0.15 13.72+0.34 ok
Crude fat 13.37+0.45 9.53+0.38 Hrx
Crude ash 3.13+0.08 2.97+0.06 *x
Total dietary fiber 58.11+0.07 68.57+0.29 oAk

DThe extracting condition was described in materials and meth-
ods.

INS p>0.05, *p<0.05, **p<0.01, ***p<0.001

9All values are mean+SD (7=3).

Preparation of chicken patties

Chicken breast muscles (M. Pectoralis major) in fresh
broilers (Arbor Acre strain, 5 wk of age, approximately
1.5-2.0 kg live weight) and pork back fat were obtained
from a local market. Visible connective tissue and exces-
sive fat were removed from the fresh chicken breast mus-
cles. The chicken breast and pork back fat were initially
ground using a meat grinder (PM-70, Mainca, Spain)
equipped with 8 mm plate. The ground chicken breast
and pork back fat were packaged with Nylon/PE film,
and used on the day.

All chicken patties were composed by 60% chicken
breast, 20% pork back fat, 20% ice, and 1.5% NaCl. And
each sample batch consisted of five chicken patties differ-
ing in composition with respect to addition of BSG
dietary fiber extracts levels (0, 1, 2, 3, and 4%). The mix-
ture from each batch was mixed using a mixer (RM-90,
Mainca, Spain) for 10 min. After the batches were held at
4°C for 1 h (Troutt and Dale, 1990), the batches were pro-
cessed into 100£1 g patties with 100 mm in diameter and
15 mm in thickness using patty presses (Small ground
press, Spikomat Ltd., UK). All chicken patties were then
placed in Nylon/PE film, and stored -20°C to maintain
shape of the chicken patties. After 24 h of manufacturing,
the chicken patties were used in analysis.

Cooking method of chicken patties

The cooking final temperature was heated until the core
temperatures of chicken patties reached to 75°C. As a
commonly used method for cooking of poultry products
(Murphy et al., 2001), the samples were heated using
convective oven (OES 6.06, Convotherm, Germany) at
150°C for 7 min. Each patty was placed in the center of a
shelf in oven, until the targeted core temperature was
reached. The core temperature of patty was monitored
with a digital thermometer (Tes-1305, Tes Electrical Co.,
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Taiwan) equipped with a data logger (RS-232, Tes Elec-
trical Co., Taiwan) by inserting a iron constantan thermo-
couple.

pH measurements

The pH values of raw and cooked chicken patties 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 50 mL distilled
water for 60 s in a homogenizer at 8,000 rpm (Ultra-Tur-
rax SK15, Janke & Kunkel, Germany).

Instrumental color evaluation

Instrumental color were determined using a colorimeter
(Minolta Chroma meter CR-210, Japan; illuminate C, cal-
ibrated with a white plate, CIE L'=+97.83, CIE a'=-0.43,
CIE b*=+1.98). Five measurements for five locations on
surface of raw and cooked chicken patties were taken.
CIE L (lightness), CIE a" (redness), and CIE b* (yellow-
ness) values were recorded.

Cooking loss

As mentioned above, all chicken patties were cooked
using convective oven (OES 6.06, Convotherm, Ger-
many) at 150°C for 7 min until the targeted core temper-
ature reached 75°C. Percentage cooking loss was determined
by calculating a percent reduction in weight, on an initial
weight basis as follows.

Cooking loss (%)
= [(weight of raw sample (g) - weight of cooked sample (g))/
weight of raw sample (g)] x 100

Reduction in diameter

To measure the change in shape of chicken patties due
to cooking, the reduction in diameter was determined by
method of Choi et al. (2012). Firstly, two points in
chicken patties were marked before cooking. After cook-
ing, the diameter of the cooked patties was recorded
using vernier calipers (530-122, Mitutoyo, Japan). The
reduction in diameter was determined by calculating the
length differences before and after cooking, and all deter-
minations were performed in triplicate.

Salt soluble protein solubility

The solubility of the salt soluble (myofibrillar) protein
was determined following the modification of procedures
described by Saffle and Galbreath (1964). A 5 g sample
was blended with 50 mL 3% sodium chloride solution at

14,000 rpm for 2 min using homogenizer (AM-7, Nihon-
seiki Kaisha, Japan). The mixture was centrifuged at
1,100 g for 15 min. The protein concentration of superna-
tant was determined by using the Biuret method (Gornall
et al., 1949), with bovine serum albumin as a standard
(Sigma Chemical Co., USA).

Texture profile analysis (TPA)

Texture profile analysis (TPA) was performed in tripli-
cate on each sample at room temperature with a texture
analyzer (TA-XT2i, Stable Micro Systems Ltd., England).
The cooked chicken patties sized approximately 5.0x5.0
x1.5 cm were cut from the central portion of each meat
patty. Prior to analysis, samples were allowed to equili-
brate to room temperature (20°C, 3 h). The conditions of
texture analysis were as follows: pre-test speed 2.0 mm/s,
post-test speed 5.0 mm/s, maximum load 2 kg, head
speed 2.0 mm/s, distance 8.0 mm, force 5 g (Choi et al.,
2012). The calculation of texture profile analysis values
was obtained by graphing a curve using force and time
plots. Values for hardness (kg), springiness, cohesiveness,
gumminess (kg), and chewiness (kg) were determined as
described by Bourne (1978).

Sensory evaluation

The cooked chicken patties were evaluated for color,
flavor, off-flavor, tenderness, juiciness, and overall accep-
tance. The cooked samples as previously described were
cooled to the room temperature at 25°C and cut and served
to the panelists in random order. The sensory evaluations
were performed by the panelists under fluorescence light-
ing. Panelists were instructed to cleanse their palates
between samples using warm water. The color (1=extremely
undesirable, 10=extremely desirable), flavor (1=extremely
undesirable, 10=extremely desirable), off-flavor (1=strong
off-flavor, 10=weak off-flavor), tenderness (1=extremely
tough, 10=extremely tender), juiciness (1=extremely dry,
10=extremely juicy), and overall acceptance (1=extremely
undesirable, 10=extremely desirable) of the cooked chicken
patties were evaluated using a 10-point descriptive scale.
The panel consisted of 12 members from the Department
of Food Sciences and Biotechnology of Animal Resources
at Konkuk University in Korea.

Statistical analysis

All tests were done at least three times for each experi-
mental condition and mean values were reported. The
obtained results of proximate composition of BSG dietary
fiber extracts were statistically processed, and signifi-
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cance of difference between means (t-test) was deter-
mined. Among chicken patties treatments, an analysis of
variance were also performed on all the variables mea-
sured using the general linear model (GLM) procedure of
the SAS statistical package (SAS, 2008). Duncan’s multi-
ple range test (p<0.05) was used to determine differences
between treatment means.

Results and Discussion

pH value and color

The effects of the brewer’s spent grain (BSG) dietary
fiber extracts on pH and color of uncooked and cooked
chicken patties are shown in Table 2. The pH of uncooked
chicken patties decreased with increasing BSG dietary
fiber extract level, and a significant difference in pH was
observed by adding BSG dietary fiber extract >3%
(p<0.05). The pH of the BSG dietary fiber extract was
5.33 (data not shown); a lower pH value compared to that
of chicken breast (5.82) lead to a decrease in the pH value
of the chicken patties. Additionally, the pH of cooked
chicken patties varied between 6.31 and 6.41, and the
results among treatments showed a similar tendency com-
pared to those of uncooked chicken patties. Ozvural et al.
(2009) reported similar pH values (6.26-6.36) for frank-
furters made with BSG (0, 1, 3, and 5%).

The color parameters of the BSG-added chicken patties
were significantly different (p<0.05). The increase in
BSG dietary fiber extracts levels contributed to a decline
in the CIE L" value (lightness) of uncooked and cooked
chicken patties, and the T4 treatment (4% BSG dietary
fiber extracts) resulted in the lowest lightness values in
both raw and cooked chicken patties (p<0.05). Raw and
cooked chicken patty redness, as measured by the CIE a”

value, increased with an increase in BSG dietary fiber
extracts levels. The highest redness values were observed
after adding the BSG dietary fiber extract at >3% (p<0.05).
All CIE b values (yellowness) were significantly higher
(»<0.05) in the BSG dietary fiber treatments than those in
the controls. Addition of BSG dietary fiber extracts lead
to an increase in yellowness of the chicken patties when
compared with that of the control, indicating that adding
BSG dietary fiber resulted in a yellow or brownish-col-
ored product. Adding dietary fiber extracts from cereal
by-products, including oat bran (Hughes et al., 1997; Yilmaz
and Daglioglu, 2003), rice bran (Choi et al., 2011), and
rye bran (Yilmaz, 2004), results in increased yellowness
of meat products. Additionally, Yilmaz and Daglioglu
(2003) noted that the increased yellowness results from
the carotenoid pigments in oat bran.

Cooking loss, reduction in diameter, and salt solu-

ble protein solubility

Cooking loss is affected by various external and inter-
nal factors such as additives, cooking conditions, formu-
lation, and water contents (Choi et al., 2009). In particular,
adding dietary fiber improves cooking loss of a meat
product due to water holding and fat absorption capacities
(Thebaudin et al., 1997). The effect of the BSG dietary
fiber extract on cooking loss of chicken patties is pre-
sented in Fig. 1. Cooking loss was significantly lower
(»<0.05) in chicken patties containing the BSG dietary
fiber extract than that in the control. Chicken patties for-
mulated with the 4% BSG dietary fiber extract (T4) was
the lowest among all treatments; but, no significant differ-
ence was observed between T3 and T4. A similar result
was reported by Ozvural et al. (2009), who found that
water holding capacity is associated with total dietary

Table 2. Effects of dietary fiber extracts from brewer’s spent grain (BSG) on pH value and instrumental color of chicken patties

) Treatments"
Type Traits Con
Tl T2 T3 T4

pH 6.27+0.05° 6.25+0.03* 6.25+0.03* 6.21+0.06° 6.17+0.05¢

Uncooked CIEL" 64.00+1.912 62.00£2.99" 57.90+1.70° 56.59+1.40° 54.67+2.41¢
CIEa' 2.62+£0.27¢ 3.83+0.54° 4.30+0.45° 4.88+0.44% 4.98+0.26°

CIE b 16.40+1.74° 18.77+1.66° 18.89+1.282 19.52+1.07% 19.54+0.67*

pH 6.41+0.03° 6.39+0.03* 6.39+0.02° 6.32+0.06" 6.3120.06"

Cooked CIEL" 68.45+3.85° 62.10+2.91° 57.3443.52° 53.26+3.54¢ 51.48+4.08¢
CIE a" 2.51+0.74¢ 3.51+1.04¢ 4.6440.88" 5.68+1.16° 5.99+1.07°

CIE b 22.70£2.21° 23.88+1.92% 24.36+1.66* 25.12+1.54 25.53+1.712

DTreatments: Con, without BSG dietary fiber extracts; T1, with 1% BSG dietary fiber extracts; T2, with 2% BSG dietary fiber extracts;
T3, with 3% BSG dietary fiber extracts; T4, with 4% BSG dietary fiber extracts.

YAll values are mean=SD (n=3).

*dMeans within a row with different letters are significantly different (p<0.05).
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Fig. 1. Effect of dietary fiber extracts from brewer’s spent
grain (BSG) on cooking loss of chicken patties. Con,
without BSG dietary fiber extracts; T1, with 1% BSG
dietary fiber extracts; T2, with 2% BSG dietary fiber
extracts; T3, with 3% BSG dietary fiber extracts; T4,
with 4% BSG dietary fiber extracts. All values are mean
and SD of three replicates. a-d Means sharing different
letters are significantly different (»<0.05).

fiber value in frankfurters made with BSG. Similar cook-
ing loss trends have been observed in many studies by
adding different dietary fiber sources (Choi et al., 2011;
Hughes et al., 1997).

The reduction in diameter of chicken patties varied with
the level of the BSG dietary fiber extract added (Table 3).
The reduction in chicken patty diameter in patties con-
taining the BSG dietary fiber extracts was not signifi-
cantly different (p>0.05) from that in the control. However,
a decreasing tendency was observed. A similar result was
obtained by Troutt et al. (1992) for low-fat ground beef
containing dietary fiber. Also, Pifiero et al. (2008) reported
no difference in the diameters of beef patties made with
oat soluble fiber (B-glucan), despite a weight loss differ-
ence after cooking.

Salt soluble proteins, which result in gel formation dur-
ing thermal processing, are mainly associated with fat and
water stabilization and meat particle binding in restruc-
tured meat products (McCord et al., 1998). Thus, salt sol-
uble protein solubility is important for textural and
sensory properties (Farouk et al., 2002). The effect of the
BSG dietary fiber extracts on salt soluble protein solubil-
ity of the chicken patties is shown in Table 3. As a result,
salt soluble protein solubility was affected by adding the
BSG dietary fiber extracts. Increasing the concentration of
the BSG dietary fiber extract led to a decrease in salt sol-
uble protein solubility, and the solubility of chicken pat-
ties containing the 4% BSG dietary fiber extract (T4) was
significantly lower (»p<0.05) than that in the other treat-
ments. In contrast, Choi et al. (2011) noted that increased
rice bran fiber levels contribute to increase solubility of
sarcoplasmic, myofibrillar, and total proteins in heat-
induced gels. In that study, the pH value of rice bran fiber
was 7.07, and adding rice bran fiber led to a higher pH
value compared with that in treatments without rice bran
fiber. However, the pH value decreased after adding the
BSG dietary fiber extract in our study. Protein solubility
depends on the pH value of the meat and improves at
higher pH values (Feiner, 2006). Thus, this difference in
protein solubility may be due to characteristics of the
added dietary fiber sources, and our results suggest that
adding 3% BSG dietary fiber extract is the optimum
amount regardless of salt soluble protein solubility.

Texture profile analysis (TPA)

The textural properties of chicken patties made with the
BSG dietary fiber extracts are shown in Table 4. The hard-
ness of the control patties was lower than that in chicken
patties made with the different amounts of BSG dietary
fiber extract, and increased BSG dietary fiber extract lev-
els resulted in increased hardness of the chicken patties.
Similarly, Yilmaz and Daglioglu (2003) reported that
increasing oat bran fiber increases the texture and firm-

Table 3. Comparison of reduction in diameter and salt soluble protein solubility of the chicken patties containing various

brewer’s spent grain (BSG) dietary fiber extracts

‘ Treatments"
Traits Con
T2 T3 T4
Reduction in diameter (%) 18.65+1.31? 18.62+1.96 18.61+2.01 18.13+2.02 17.28+1.29
Salt soluble protein solubility (mg/g) ~ 9.98+0.71° 9.62+0.82° 9.55:0.68° 9.43£0.34° 8.79+0.83"

DTreatments: Con, without BSG dietary fiber extracts; T1, with 1% BSG dietary fiber extracts; T2, with 2% BSG dietary fiber extracts;
T3, with 3% BSG dietary fiber extracts; T4, with 4% BSG dietary fiber extracts.

YAll values are mean=SD (n=3).

“®Means within a row with different letters are significantly different (p<0.05).
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Table 4. Effects of dietary fiber extracts from brewer’s spent grain (BSG) on textural properties of chicken patties

Treatments"

Traits Con
T1 T2 T3 T4
Hardness (kg) 8.060.582° 8.43+0.59% 8.46+0.75% 8.75+0.66 8.82+0.76"
Springiness 0.76+0.06 0.77+0.06 0.76+0.07 0.75+0.05 0.76+0.09
Cohesiveness 0.44+0.02 0.45+0.03 0.45+0.04 0.46+0.04 0.47+0.04
Gumminess (kg) 3.65+0.32° 3.77+0.37%® 3.79+0.43% 3.99+0.54° 4.04+0.41°
Chewiness (kg) 2.7740.36 2.90+0.35 2.88+0.51 3.00+0.42 3.07+0.53

DTreatments: Con, without BSG dietary fiber extracts; T1, with 1% BSG dietary fiber extracts; T2, with 2% BSG dietary fiber extracts;
T3, with 3% BSG dietary fiber extracts; T4, with 4% BSG dietary fiber extracts.

YAll values are mean+SD (n=3).

“®Means within a row with different letters are significantly different (p<0.05).

ness of low-fat meat balls. Yilmaz (2005) noted that firm-
ness of low fat meat balls with added wheat bran increases
after adding more wheat bran. According to Fernandez-
Ginés et al. (2004), adding lemon albedo fiber increases
hardness of bologna sausage compared to that in a con-
trol. Adding the BSG dietary fiber extracts did not affect
the springiness of the chicken patties. Similar results were
reported by Ozvural et al. (2009) in BSG-supplemented
frankfurters. Cohesiveness and chewiness tended to be
higher in all chicken patties with the added BSG dietary
fiber extracts compared to that in the control; but, the dif-
ferences were not significant (»>0.05). Gumminess was
significantly (»<0.05) higher in chicken patties containing
the BSG dietary fiber extract than that in the control. The
highest gumminess value was observed in the 4% BSG
dietary fiber extracts treatment (T4).

Sensory evaluation

The sensory properties of chicken patties were signifi-
cantly affected by the BGS dietary fiber extracts levels
(Table 5). The color score was the highest for the T2

treatment, and all BSG dietary fiber extract treatments
had higher color scores than that in the control. However,
no significant differences (p>0.05) were observed among
the BSG dietary fiber extracts treatments. This result sug-
gests that chicken patties were affected by adding the
BSG dietary fiber extract, in which the color of the BSG
dietary fiber was likely brown. Thus, the BSG dietary
fiber extracts-treated chicken patties had a brownish color
relative to that of the control and were the most appeal-
ing. The flavor score for the chicken patties with 4%
added BSG dietary fiber extract (T4) was the lowest, and
no significant difference (p>0.05) was observed between
the control and chicken patties containing 1, 2, or 3%
BSG dietary fiber extracts. The strong off-flavor score was
recorded for the T4 treatment. Similarly, Ozvural et al.
(2009) noted that increasing BSG concentration results in
a decreased flavor score. Our results suggest that the opti-
mum level for the BSG dietary fiber extract was approxi-
mately 3% based on flavor, but further study is needed to
investigate and remove off-flavor of the BSG dietary
fiber extracts. Additionally, the tenderness and juiciness

Table S. Effects of dietary fiber extracts from brewer’s spent grain (BSG) on sensory properties of chicken patties

Treatments"

Traits? Con
Tl T2 T3 T4
Color 7.53+0.723° 8.00+0.87% 8.41+0.71* 8.35+0.70° 8.24+(.83°
Flavor 8.24+0.56° 8.1240.78% 8.2440.832 8.18+0.732 7.47+0.62°
Off-flavor 9.12+0.86" 9.00+£0.79* 8.88+0.49% 8.73+0.51% 8.47+0.51°
Tenderness 7.71£0.47° 8.12+0.93% 8.47+1.01% 8.35+0.79 8.41+0.94°
Juiciness 7.71£0.69° 7.94+0.66° 8.41+0.62% 8.71+0.59 8.53+0.62°
Overall acceptance 7.94+0.66° 8.24+0.90%° 8.53+0.80° 8.59+0.62° 8.29:+0.69%

DTreatments: Con, without BSG dietary fiber extracts; T1, with 1% BSG dietary fiber extracts; T2, with 2% BSG dietary fiber extracts;
T3, with 3% BSG dietary fiber extracts; T4, with 4% BSG dietary fiber extracts.

DTraits: color (1=extremely undesirable, 10=extremely desirable), flavor (1=extremely undesirable, 10=extremely desirable), off-flavor
(1=strong off-flavor, 10=weak oft-flavor), tenderness (l1=extremely tough, 10=extremely tender), juiciness (l=extremely dry,
10=extremely juicy), and overall acceptance (1=extremely undesirable, 10=extremely desirable).

9All values are mean+SD (n=12).

“®Means within a row with different letters are significantly different (p<0.05).
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scores of the chicken patties increased with added BSG
dietary fiber extracts. Adding BSG dietary fiber extracts
at >2% resulted in significantly higher (p<0.05) tender-
ness and juiciness scores than that in the control. Overall,
the chicken patties formulated with 3% BSG dietary fiber
extracts had the highest scores, whereas chicken patties
without the BSG dietary fiber extract had the lowest
score. In previous studies, adding dietary fiber to meat
products resulted in enhanced sensory traits. Choi et al.
(2012) reported that 1 and 3% Laminaria japonica pow-
der contributed to improving the sensory characteristics
of reduced-fat pork patties. Additionally, Turhan et al.
(2005) suggested that adding 1-2% hazelnut pellicle fiber
is appropriate for manufacturing acceptable low-fat beef
burgers. Thus, excessively adding dietary fiber to meat
product results in a decline in textural and sensory prop-
erties. In our study, chicken patties containing the 3% BSG
dietary fiber extract received the highest scores for color,
flavor, tenderness, juiciness, and overall acceptance.

In conclusion, adding 3% BSG dietary fiber extract
improved cooking loss, texture, and sensory properties of
chicken patties. The BSG dietary fiber extract-added chicken
patties were yellower than that of the control chicken pat-
ties and all BSG dietary fiber extract-treated chicken pat-
ties had a brownish color, which resulted in highly ac-
ceptable appearances. The changes in shape (reduction in
diameter) of the chicken patties due to cooking were not
affected by adding BSG dietary fiber. Therefore, 3% BSG
dietary fiber extract is a good inexpensive source of dietary
fiber for improving quality characteristics of chicken pat-
ties.
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