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Abstract

The effects of replacing pork back fat with brewer’s spent grain (BSG) pre-emulsion for physicochemical, textural prop-
erties, and sensory evaluations of reduced-fat chicken sausages are evaluated. Control was prepared with 15% pork back fat,
and three reduced-fat chicken sausages were formulated with the replacement of 20, 25, and 30% pork back fat with BSG
pre-emulsion. The pH level of reduced-fat sausages formulated with BSG pre-emulsion is lower than that of the control
(»<0.05). The redness, yellowness, and apparent viscosity of reduced-fat chicken sausages increase proportionally with inc-
reasing BSG pre-emulsion (p<0.05). With increasing BSG pre-emulsion concentration, the fat contents and energy values
are decreased in reduced-fat chicken sausages (p<0.05). The BSG pre-emulsion improves the hardness, gumminess, and
chewiness of reduced-fat chicken sausages (p<0.05), and the reduction in fat and the addition of BSG pre-emulsion had no
influence on the cohesiveness of the chicken sausage. And there is no significant difference in the overall acceptability among
control, T1 (chicken sausage with 20% of BSG pre-emulsion, 10% of fat addition), and T2 (chicken sausage with 25% of
BSG pre-emulsion, 5% of fat addition) (p>0.05). Therefore, our results indicate that BSG is effective dietary fiber source
for manufacturing of reduced-fat meat product and suggest that 20-25% of BSG pre-emulsion is suitable for pork back fat

in chicken sausages.
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Introduction

Emulsion sausages are one of the most popular pro-
cessed meat products, and include frankfurters and bolo-
gna. In general, the fat content in traditional emulsion
sausages is up to 30% (Choi et al., 2009). Consumers have
increasing health concerns and demand low-fat and highly-
nutritious meat product. It is well known that a high con-
sumption of animal fat is lead to risk of coronary heart
disease, obesity and cancer (Ozvural and Vural, 2008).
However, the production of low-fat sausages is difficult,
because fat plays an important role in a number of the
meat product characteristics. Fat interacts with other ingre-
dients and affects the stabilization of meat emulsions, in-
fluencing the cooking yield, flavor, and texture of the final
product (Choi et al., 2010; Youssef and Barbut, 2009). For
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these reasons, the meat industry has encouraged the deve-
lopment of new technologies and many studies have been
conducted to develop low-fat meat and meat products
(Aleson-carbonell et al., 2004).

The most common method is using fat substitutes such
as dietary fiber. Meat emulsion products with dietary fiber
have been studied by Kaack and Pedersen (2005). Dietary
fibers are beneficial to human health and have technolog-
ical properties. Xanthan gum, carrageenan, and locust bean
gum have been used in many low-fat products for the im-
provement of rheological properties and emulsion stabil-
ity (Grigelmo-Miguel et al., 1999). It improves cooking
yield and reduces cost in meat products (Aleson-Carbon-
ell et al., 2004). Also, Choi ef al. (2012) reported that
reduced-fat pork patties containing Laminaria japonica
obtained high sensory scores.

Barley is an important cereal and is used in the produc-
tion of many food and alcoholic drinks. Brewer’s spent
grain (BSG) which is one of the largest by-products of the
brewing process, is recognized as functional material
which is rich in protein and fiber (Mussatto et al., 2006).
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Also, BSG is available in large continuing supply and at
a low cost. BSG has been studied for its inclusion in
human foods such as bread and cookies (Prentice et al.,
1978; Salama ef al., 1995). Ozvural et al. (2009) produced
a frankfurter containing BSG. In their study, BSG was a
good source of protein and dietary fiber in emulsion sau-
sage. However, few studies have been conducted on the
dietary fiber extracts of BSG in chicken products, and
there is no previous study of the application BSG to pre-
emulsion type. Chantaro et al. (2008) reported that dietary
fiber needed a number of processing steps prior to appli-
cation to real food system.

Therefore, the aim of this study was to evaluate the
effects of replacing pork back fat with dietary fiber ext-
racted from BSG on the quality characteristics of reduced-
fat chicken sausages, in terms of cooking loss, pH, color
evaluation, emulsion stability, texture profile analysis, sen-
sory characteristics, proximate composition of sausages.

Materials and Methods

Preparation of dietary fiber extracts from brewers’

spent grain (BSG)

Dietary fiber was extracted using the modified method
of Choi et al. (2011) based on the AOAC enzymatic-gra-
vimetric method (2007). BSG was obtained from a com-
mercial brewery (HITEJINRO Co., Ltd., Korea). BSG was
washed three times with five volume of distilled water to
remove alcoholic components and foreign bodies. The
residues were defatted 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% ter-
mamyl (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 tempera-
ture (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
pulverized using a milling machine (DK504, SEJUNG-
TECH, Korea), and the powder was passed through the
270 mesh testing sieves (Chunggye, Korea).

Pre-emulsion of brewers’ spent grain (BSG) prepa-

ration

Firstly, 5% carboxymethyl cellulose and 80% ice were
homogenized and ground for 1 min in a silent cutter (Cut-
ter Nr-963009, Scharfen, Germany). BSG dietary fiber ex-

tracts (15%) were added to the pre-emulsion, which were
then homogenized for 5 min. After emulsification, BSG
pre-emulsion stored at 0°C until required for product man-
ufacture.

Reduced-fat chicken sausages preparation and pro-

cessing

Fresh chicken breast meat (Musculus pectoralis major)
and pork back fat were purchased from a local processor
at 48 h postmortem. The chicken materials were initially
ground through an 8 mm plate. The pork back fat was
also ground through an 8 mm plate. The first meat batter
served as the control and was prepared with 15% pork
back fat. The next samples consisted of three meat batters
which differed in composition with respect to the replace-
ment of 20, 25, and 30% pork back fat with BSG pre-
emulsion (20, 25, and 30%). The four different chicken
sausages were formulated (Table 1) as follows: raw meat
was homogenized and ground for 1 min in a silent cutter
(Cutter Nr-963009, Scharfen, Germany). 1.4% nitrite pic-
kled salt (NPS), 0.5% ascorbic acid, 0.8% sugar, 0.3%
monosodium L-glutamate, 0.3% garlic powder, and 0.6%
spice were added to the meat. The pre-emulsion was
added to meat batters, which were then homogenized for
6 min. A temperature probe (Kane-May, KM330, Ger-
many) was used to monitor the temperature of the emul-
sion, which was maintained below 10°C during batter pre-

Table 1. Reduced-fat chicken sausage formulations with brew-
er’s spent grain (BSG) pre-emulsion levels (units: %)

Ingredients Treatments”
Control Tl T2 T3
Chicken breast meat 70 70 70 70
Pork back fat 15 10 5 0
BSG pre-emulsion 20 25 30
Ice 15 (16)?  (20) (24)
(@)Y (o (H @125 (1.5
BSG" dietary fiber 0 3) (3.75) 4.5
Total 100 100 100 100
NPSY 1.4 1.4 1.4 1.4
Ascorbic acid 0.5 0.5 0.5 0.5
Sugar 0.8 0.8 0.8 0.8
Garlic powder 0.3 0.3 0.3 0.3
Monosodium | -glutamate 0.3 0.3 0.3 0.3
Spice 0.6 0.6 0.6 0.6

DControl: chicken sausage with 15% pork back fat; T1: chicken
sausage with 10% pork back fat and 20% BSG pre-emulsion; T2:
chicken sausage with 5% pork back fat and 25% BSG pre-emul-
sion; T3: chicken sausage with 30% BSG pre-emulsion. ?Figure
in parenthesis is calculated as content pre-emulsion ingredients
based on total weight. *’Carboxymethyl cellulose. “Brewer’s spent
grain. NPS: nitrite pickled salt (99.4:0.6).
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paration. After emulsification, chicken meat batter was
stuffed into collagen casings (#240, NIPPI Inc., Tokyo,
Japan; approximate diameter of 25 mm) using a stuffer
(Stuffer 1S-8, Sirman, Italy). The meat batters were then
heated at 75+2°C for 30 min in a water bath (Model 10-
101, Dae Han Co., Korea). The cooked meat sausages
were then cooled with cold water.

pH

The pH values of batter and sausage were measured in
a homogenate prepared with 5 g of sample and distilled
water (20 mL), using a pH meter (Model 340, Mettler-
Toledo GmbH, Schwerzenbach, Switzerland). All deter-
minations were performed in triplicate.

Color evaluations

The color of batters in petri dish and sausages (cross-
section) were measured by the CIE LAB system using a
color meter (Minolta Chroma meter CR-210, Japan; illu-
minate C, calibrated with white plate, L*=+97.83, a*=-
0.43, b*=+1.98). Six measurements for each of five treat-
ments were taken. Lightness (L*-value), redness (a*-val-
ues), and yellowness (b*-values) values were recorded.

Proximate composition

Moisture (950.46B, oven air-drying method), protein
(981.10) (Nx6.25), fat (960.69, ether extractable compo-
nent), and ash (920.153, muffle furnace) contents were
determined according to the AOAC (2000) procedure.
Carbohydrate contents were calculated by the difference
among the parameters.

Caloric content

Total calorie estimates (Kcal) for sausages were calcu-
lated on the basis of a 100 g portion using Atwater values
for fat (9 Kcal/g), protein (4.02 Kcal/g), and carbohydrate
(3.87 Kcal/g) (Mansour and Khalil, 1999).

Cooking yield

Sausages were weighted before heat processing and
after chilling. The cooking yield was determined form
their weights and expressed as a percentage of the initial
weight;

Cooking yield (%) = [cooked sausage weight (g) / raw
sausage weight (g)] x 100

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
6,000 g for 2 min using homogenizer (AM-7, Nihonseiki
Kaisha, Japan). The mixture was centrifuged at 1,100 g
for 15 min. The protein concentration of supernatant was
determined using the biuret method (Gornall ef al., 1949)
and bovine serum albumin (Sigma Chemical Co., USA)
was used as the standard curve.

Apparent viscosity

The chicken emulsion meat batter viscosity was mea-
sured in triplicate with a rotational viscometer (HAKKE
Viscotester®500, Thermo Electron Corporation, Karlsruhe,
Germany) set at 10 rpm. The standard cylinder sensor
(SV-2) was positioned in a 25 mL metal cup filled with
batter and allowed to rotate under a constant share rate at
60/s before each reading was taken. Apparent viscosity
values in centipoises were obtained. The temperature of
each sample at the time (18+1°C) of viscosity testing was
also recorded (Shand, 2000).

Texture profile analysis (TPA)

Texture measurements in the form of texture profile
analysis were performed at room temperature with a tex-
ture analyzer (TA-XT2i, Stable Micro Systems, England).
Reduced-fat chicken sausage samples were taken from
the central portion of each sausages. Prior to analysis,
samples covered with cling film 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. The calculation of
TPA values was obtained by graphing a curve using force
and time plots. Values for hardness, springiness, cohe-
siveness, gumminess, and chewiness were determined as
described (Bourne, 1978).

Sensory evaluation

Each reduced-fat chicken sausage was evaluated for
visual color, flavor, off-flavor, tenderness, juiciness, and
overall acceptability. Reduced-fat chicken sausages were
cooked with a center temperature of 75°C, and the cooked
samples were cooled to room temperature at 21°C, cut
into quarters, and served to panelists in random order.
Each sample was coded with a randomly selected 3-digit
numbers. Sensory evaluations were performed by the pa-
nelists under fluorescent lighting. Panelists were instruc-
ted to cleanse their palates between samples using water.
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Table 2. Effects of brewer’s spent grain (BSG) pre-emulsion on pH and color (L*-, a*-, and b*-values) of uncooked and cooked

reduced-fat chicken sausage

Treatments? Uncooked Cooked
pH L*-value a*-value b*-value pH L*-value a*-value b*-value
Control 530£0.02°  76.16+0.64* 4.03£0.37° 16.08+0.83°  5.62+0.02  83.21%0.48" 2.92+0.13°  13.06+0.34¢
T1 534+0.02°  64.07+1.45° 4.80£020° 19.91+0.42° 5.61+0.04  74.58+0.84° 3.42+0.17°  17.50+0.28¢
T2 535£0.02*  60.18+0.65° 4.97+0.27°  20.12+0.64*  5.61+0.04  73.61£0.46° 3.43£0.17°  18.05+0.33°
T3 536+0.02°  54.60£0.77Y  5.68+0.37°  20.50+0.64°  5.63%£0.03  69.97£0.37¢  3.71£0.13*  19.83+0.32°

All values are meanzstandard deviation of three replicates. **Means within a column with different letters are significantly different (p<
0.05). PControl: chicken sausage with 15% pork back fat; T1: chicken sausage with 10% pork back fat and 20% BSG pre-emulsion; T2:
chicken sausage with 5% pork back fat and 25% BSG pre-emulsion; T3: chicken sausage with 30% BSG pre-emulsion.

The visual color (1=extremely undesirable, 10=extremely
desirable), flavor (1=extremely undesirable, 10=extremely
desirable), off-flavor (1=extremely undesirable, 10=extre-
mely desirable), tenderness (1=extremely tough, 10=extre-
mely tender), juiciness (1=extremely dry, 10=extremely
juicy), and overall acceptability (1=extremely undesirable,
10=extremely desirable) of the cooked samples were eva-
luated using a 10-point hedonic scale. The panel consisted
of 11 members from the department of food sciences and
biotechnology of animal resources at Konkuk University
in Korea.

Statistical analysis

An analysis of variance was performed on all of the
variables measured using the general linear model (GLM)
procedure of the SAS statistical package (2008). Dun-
can’s multiple range test (p<0.05) was used to determine
the differences between treatment means.

Results and Discussion

pH and color

The pH values of uncooked and cooked reduced-fat sau-
sages formulated with various BSG pre-emulsion levels
are given in Table 2. Meat batters with BSG pre-emulsion
showed a higher pH value than control (p<0.05). How-
ever, there were no significant differences in the pH val-
ues of reduced-fat sausages (p>0.05). The color values of
uncooked and cooked reduced-fat sausages formulated
with various BSG pre-emulsion levels are shown in light-
ness (L*-value), redness (a*-value), and yellowness (b*-
value). Table 2 shows the color values of uncooked and
cooked reduced-fat sausages were affected by the color of
BSG pre-emulsion. Lightness in uncooked and cooked
reduced-fat sausages treated with BSG pre-emulsion were
lower than that of control (»p<0.05). Caceres et al. (2004)
found that the lightness of reduced-fat meat sausages was
lower than that of control. There were significant differ-

ences in redness and yellowness. As the content of BSG
pre-emulsion increased among treatments, redness and
yellowness values also increased (p<0.05). These results
indicate that the addition of BSG pre-emulsion increases
the redness and yellowness of reduced-fat sausages. Ozvu-
ral et al. (2009), who studied the frankfurter with added
BSG, reported that the redness of frankfurters increased
due to the addition of BSG. Also, dietary fiber from cereal
in meat products increased yellowness. Yilmaz and Dag-
lioglu (2003) indicate that oat bran in the meatball inc-
reased yellowness. Thus, the color vales of reduced-fat
sausages were affected by BSG pre-emulsion.

Fat contents and energy value
Fig. 1 shows the results for fat contents and energy val-
ues of reduced-fat chicken sausages formulated with var-
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Fig. 1. Fat contents and energy value of reduced-fat chicken
sausages formulations with various brewer’s spent grain
(BSG) pre-emulsion levels. All values are mean+SD.
ADMean sharing different letters in fat contents are signif-
icantly different (p<0.05). **Mean sharing different letters
in Energy value are significantly different (p<0.05). " Con-
trol: chicken sausage with 15% pork back fat; T1: chicken
sausage with 10% pork back fat and 20% BSG pre-emul-
sion; T2: chicken sausage with 5% pork back fat and 25%
BSG pre-emulsion; T3: chicken sausage with 30% BSG
pre-emulsion.
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ious BSG pre-emulsion. In our study, the differences in
fat contents and energy values of reduced-fat chicken sau-
sages were statistically significant (»<0.05). The fat con-
tents varied between 2.20 and 23.61%. As expected, the
fat contents were lower in all treatments than in the con-
trol (p<0.05) Energy values are greatly related to fat con-
tents (Brauer ef al., 1993). It is considered that the reduc-
tion in fat content lead to reduced energy values of all
treatments. As BSG pre-emulsion increased among the
treatments, energy values decreased (p<0.05) and the T3
treatment showed the lowest energy value. Cengiz and
Gokoglu (2005) reported that the calorie content of low-
fat meat product with added citrus fiber were significantly
lower than that of the control. Yilmaz and Daglioglu
(2003), who replaced animal fat with oat bran in meatballs,
obtained a 50% reduction in fat content. Also, reduced-fat
pork patties with added Laminaria japonica had approxi-
mately 35% lower energy content than that of the control
(Choi et al., 2012).

Cooking yield and salt protein solubility

Table 3 shows the results obtained from the cooking
yield and salt protein solubility of reduced-fat chicken
sausages. The addition of BSG pre-emulsion significantly
affected the cooking yield of reduced-fat chicken sausages
(»<0.05). The cooking yield of samples with added BSG
pre-emulsion was higher than that of the control. Choi ef
al. (2010) reported that the cooking yield of meat prod-
ucts relies on the cooking time and temperature, condition
of meat emulsion, added level of fat and dietary fiber. In
our study, dietary fiber in BSG pre-emulsion may improve
the cooking yield of reduced-fat chicken sausage. In par-
ticular, dietary fiber has the ability to bind water and fat,
restricting molecular mobility (Grigelmo-Miguel er al.,

Table 3. Effects of brewer’s spent grain (BSG) pre-emulsion
on cooking yield and salt soluble protein solubility of
reduced-chicken sausage

Salt soluble protein

Treatments?  Cooking yield (%) solubility (mg/g)
Control 89.37+2.89° 8.62+0.48
Tl 95.74+0.64% 8.77+0.40
T2 95.28+0.99* 9.11+0.88
T3 95.42+0.31° 9.20+0.29

All values are mean+standard deviation of three replicates.
“®Means within a column with different letters are significantly
different (p<0.05).

DControl: chicken sausage with 15% pork back fat; T1: chicken
sausage with 10% pork back fat and 20% BSG pre-emulsion; T2:
chicken sausage with 5% pork back fat and 25% BSG pre-emul-
sion; T3: chicken sausage with 30% BSG pre-emulsion.

1999; Fernandez-Ginés et al., 2004). However, there were
no significant differences among treatments (T1, T2, and
T3). Similar results were obtained by Grigelmo-Miguel et
al. (1999), who studied the effects of peach fiber on low-
fat sausages. They reported that low-fat sausages contain-
ing peach fiber have higher cooking yields than that of
the control.

Salt soluble protein solubility is associated with gel for-
mation and cooking yield of final product (McCord et al.,
1998). However, there were no significantly different val-
ues throughout all samples (p>0.05).

Apparent viscosity

The various levels of BSG pre-emulsion significantly
affected the viscosity of reduced-fat meat emulsion sys-
tems (Fig. 2). Yapar et al. (2006) reported that the meat
emulsion system containing high-fat had increased the
viscosity. Although the all treatments with added BSG
pre-emulsion had lower fat contents than that of the con-
trol, the control had the lowest apparent viscosity. Among
the treatments, T2 had the highest maximum apparent
viscosity. It is considered that dietary fiber has a water
holding ability and improved apparent viscosity. Claus
and Hunt (1991) found that high fiber content in Bologna
increased viscosity. In our study, these results were due to
the dietary fiber in BSG pre-emulsion which has water
holding ability. Also Choi ef al. (2013) observed a redu-

100
O Control ATL OT2 OT3

Apparent viscosity (Pa*S)
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Fig. 2. Change in apparent viscosity of uncooked reduced-fat
chicken sausages containing brewer’s spent grain (BSG)
pre-emulsion stirred for 40 s. (<) Control: chicken sau-
sage with 15% pork back fat; ( A) T1: chicken sausage
with 10% pork back fat and 20% BSG pre-emulsion; ([])
T2: chicken sausage with 5% pork back fat and 25% BSG
pre-emulsion; (O) T3: chicken sausage with 30% BSG
pre-emulsion.
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ced-fat frankfurter containing makgeolli lees dietary fiber.
They reported that the addition of dietary fiber increased
the apparent viscosity of a reduced-fat meat emulsion sys-
tem. These results agree with those of our study. Accord-
ing to Dogan et al. (2005), the water holding ability of
additives played an important role on the viscosity of meat
batter. Aktas and Genccelep (2006) reported that in gen-
eral, the high viscosity in meat batters is not easily bro-
ken, and has a high yield of final product. Thus, BSG pre-
emulsion could improve the viscosity of reduced-fat emul-
sion.

Texture profile analysis

Table 4 shows the results of texture properties of redu-
ced-fat chicken sausages. The mean values are shown for
hardness, springiness, gumminess, and chewiness (p<0.05).
Increased BSG pre-emulsion levels increased hardness
and gumminess values (p<0.05). The reduced-fat sausage
with 30% BSG pre-emulsion had the highest hardness
values. Similar results were obtained by Ozvural et al.
(2009), for frankfurters containing BSG. They found that
the addition of BSG to frankfurters improves hardness
and gumminess values. The chewiness values of samples
with BSG pre-emulsion had higher chewiness than that of
the control. However, there were no significantly differ-
ent mean values among treatments (T1, T2, and T3) (p>
0.05). These improvements in textural properties may due
to the dietary fiber, which has abilities of binding water

and fat absorption (Choi et al., 2009). In contrast, spring-
iness was the lowest for the T3 treatment. As the BSG
pre-emulsion content increased in reduced-fat sausages,
springiness decreased (p<0.05). Choi et al. (2013) reported
similar results of decreasing springiness by replacement
of back fat with sunflower seed oil and dietary fiber ex-
tracted from makgeolli lees. There were no significant
differences in cohesiveness among all samples (p>0.05).

Sensory evaluation

The sensory scores for cooked chicken sausages with
different added levels of BSG pre-emulsion are given in
Table 5. The mean values of color, flavor, and overall ac-
ceptability were evaluated. The color scores of reduced-
fat sausages varied from 7.36 to 8.55. The color and fla-
vor values were decreased as increased in BSG pre-emul-
sion concentration. However, there were no significant
differences among control, T1, and T2 treatments (p>0.05).
As regarded Ozvural ef al. (2009), the increased BSG con-
centration in frankfurters lead to decreased flavor scores.
Also, it is considered that the replacement of pork back
fat by BSG pre-emulsion decreases color score and flavor
score. Choi ef al. (2010) reported that fat provides juici-
ness and hardness to meat products. Although T1 and T2
treatments had lower pork back fat content than that of
the control, there were no differences in mean values of
tenderness or juiciness (p>0.05). According to Grigelmo-
Miguel et al. (1999), low-fat sausages formulated with

Table 4. Textural attributes of reduced-fat chicken sausage formulated with varying brewer’s spent grain (BSG) pre-emulsion

levels
Treatments” Hardness Springiness Cohesiveness Gumminess Chewiness
Control 0.23+0.18° 0.87+0.02° 0.51£0.02 0.12+0.02° 0.10+0.02°
Tl 0.32+0.02° 0.84+0.03% 0.51+0.03 0.16+0.03° 0.14+0.03%
T2 0.33+0.02° 0.83+0.04° 0.51+0.02 0.17+0.02° 0.14+0.02°
T3 0.36+0.02% 0.79+0.03¢ 0.51£0.03 0.18+0.02° 0.15+0.02*

All values are mean+standard deviation of three replicates.

**Means within a column with different letters are significantly different (p<0.05).
DControl: chicken sausage with 15% pork back fat; T1: chicken sausage with 10% pork back fat and 20% BSG pre-emulsion; T2: chicken
sausage with 5% pork back fat and 25% BSG pre-emulsion; T3: chicken sausage with 30% BSG pre-emulsion.

Table S. Effects of brewer’s spent grain (BSG) pre-emulsion on the sensory evaluation of reduced-chicken sausage

Treatments" Color Flavor Off-flavor Tenderness Juiciness Overau.
acceptability
Control 8.55+0.52% 8.40+0.70° 8.10£1.10 7.80+1.03 8.80+0.92 8.10+0.57°
T1 8.00+0.77% 7.90+0.99%° 8.10+1.29 7.50+1.08 8.50+1.08 7.70£0.67%
T2 8.09+0.70% 8.10+0.88% 8.20+1.23 7.50+1.18 8.50+0.71 7.60£0.70%
T3 7.36+0.92° 7.50+0.71° 8.00+1.41 7.40+1.43 8.30+1.06 7.10£0.74%

All values are mean+standard deviation of three replicates.

“®Means within a column with different letters are significantly different (p<0.05).
DControl: chicken sausage with 15% pork back fat; T1: chicken sausage with 10% pork back fat and 20% BSG pre-emulsion; T2: chicken
sausage with 5% pork back fat and 25% BSG pre-emulsion; T3: chicken sausage with 30% BSG pre-emulsion.
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peach fiber showed higher hardness and juiciness values
than that of the control. The results of overall acceptance
between treatments and control similar to color and flavor
score trend. T3 treatment had the lowest overall accep-
tance sore, but there were no statically mean differences
in control, T1, and T2 (p>0.05). Thus, the replacement of
5-10% pork back fat by BSG pre-emulsion in reduced-fat
chicken sausages supplemented the problems resulted in
reduced fat.

Conclusions

In this study, reduced-fat chicken sausages incorporat-
ing BSG pre-emulsion were successfully produced with-
out adversely effect on quality characteristics of reduced-
fat sausages. Therefore, the replacement of back fat with
20-25% BSG pre-emulsion can be successfully used to
improve reduced-fat chicken sausages.
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