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Abstract

This study was conducted to investigate the effects of chicory fiber for the replacement of fat and smoking on quality characteristics
of restructured sausages. Treatments were as follows; Control: Pork backfat 20%, T1: Pork backfat 10% + Chicory fiber 10%, T2: Con-
trol + Smoking, T3: T1 + Smoking. The addition of chicory fiber significantly reduced the moisture, fat, hardness and pH values,
whereas the smoking treatment increased the fat, redness and pH values of restructured sausages (p<0.01). Additionally, interaction of
them significantly affected the ash, chewiness and hardness values of restructured sausages. As a result, although the addition of chicory
fiber decreased the quality characteristics of sausage, smoking treatment improved the reduced quality. Therefore, the chicory fiber and
smoking treatment is helpful to develop restructured sausage products with reduced fat and compensated quality.
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Introduction

Meat and meat products are primary protein sources
(Oostindjer et al., 2014). In Korea, meat product produc-
tion increased by 211,109 tons in 2014 compared to 2010
(180,640 tons). The westernized food consumption pattern
has had a significant impact on increase of meat produc-
tion. Excessive intake of meat products can cause diseases,
such as obesity, diabetes, cardiovascular diseases, and can-
cer (Kouvari et al., 2016; Pounis et al., 2010). Also, con-
sumers demand meat products with reduced fat content
for healthier diets, which has led to the development of
new meat products to replace the fat in traditional formu-
lations (Schmiele et al., 2015). Thus, consumers’ demand
for functional foods has increased and raised concerns reg-
arding the high level of fat in processed meat products.

Consequently, food and regulatory bodies have targeted
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issues such as fat reduction in processed products. Orga-
nizations such as the World Health Organization (WHO)
is driving measures to reduce fat content in foods (Fellen-
dorf et al., 2015). Previous studies have investigated fat-
reduced versions of meat products such as frankfurters,
bologna sausages, and beef and pork sausages (Berasategi
et al., 2014; Garcia-Garcia and Totosaus, 2008; Kihkénen
and Tuorila, 1998). Significant differences in physico-
chemical properties and sensory qualities were found in
previous reports. These differences are caused by the func-
tional roles of fat in processed meat.

Recently, dietary fiber has received attention in the
meat product industry. In general, dietary fiber is defined
as non-digestible oligosaccharides and fructooligosaccha-
rides (Gibson and Roberfroid, 1995). Dietary fiber is
widely known to prevent constipation. Furthermore,
dietary fiber intake beneficially affects the host by selec-
tively stimulating the growth of endogenous bifidobacte-
ria (Gibson and Roberfroid, 1995). Depend on the type of
dietary fibers, the addition of dietary fibers to foods en-
hances nutritional value and technological properties, as
well as prevents and treats some diseases (Thebaudin et
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al., 1997). Furthermore, dietary fiber facilitates improve-
ment of properties such as solubility, viscosity and gela-
tion-forming ability, water-binding or holding capacity,
oil-binding capacity, and mineral and organic molecule-
binding capacity in food (Tungland and Meyer, 2002).

Chicory contains inulin, which accounts for 65-70% of
the chicory dry weight (Lee and Shin, 1997). Inulin, a car-
bohydrate derived from plant sources, can be classified as
a soluble fiber. Additionally, inulin has a bland flavor and
a fat-like texture, and it can be incorporated into various
food preparations to replace sugar and fat (Davidson et
al., 1998). Increased inulin intake can be used to increase
fecal frequency (Den Hond ef al., 2000). The addition of
10 g inulin to the daily diets of subjects with moderately
high blood lipids significantly reduced insulin levels and
triacylglycerol concentrations (Jackson ef al., 1999). Inu-
lin has been reported to enhance colonic functions and
systemic functions and reduce disease risk (Roberfroid,
2007). According to the report of Keenan et al. (2014),
the addition of inulin for fat reduction not only decreased
the cooking loss, but also improved the emulsion stability,
texture properties and eating quality in the pork sausage.

Smoking is one of the oldest technologies for meat
products (Péhlmann ef al., 2012; Toth, 1982). Smoke is
produced by the process of incomplete combustion of
wood (Goulas and Kontominas, 2005). Smoking has been
used for the development of smoke color, taste, appear-
ance, flavor, shelf life and bite in meat products (Ling-
beck et al., 2014). In addition, smoking increases the
shelf-life of meat as a result of the combined effects of
antimicrobial and antioxidant activities of formaldehyde,
carboxylic acids, and phenols (Goulas and Kontominas,
2005; Kim et al., 2014). Therefore, this study was con-
ducted to evaluate the effect of animal fat replacement by
chicory fiber addition and smoking on quality properties
of restructured sausages for the development of healthy
and superior quality sausage products.

Materials and Methods

Materials

Certified organic grade-vacuum packed, refrigerated
pork loin and frozen pork backfat were obtained from meat
processing plant (Hansalimfood Inc., Korea). The dried
chicory fiber powder was purchased from market (Lyntz
Inc., Korea), and used for sausage manufacturing.

Manufacture of restructured sausages
Restructured sausages were processed using 4 treatm-

ents and prepared three replications: Control: pork back-
fat 20%, T1: pork backfat 10% + chicory fiber 10%, T2:
Control + smoking, T3: T1 + smoking. Restructured sau-
sages contained 80% ground pork loin and 20% ground
pork backfat. For the main ingredients, we added 12.5%
ofice, 1% of sodium triphosphate (STPP), 1.5% of NaCl,
0.2% of ascorbic acid, and 0.6% of spice. For each treat-
ment, pork loin (4.5 mm and 8.0 mm = 1:1) and backfat
(4.5 mm) were ground using a meat grinder (M-128S,
Fujee, Korea), and were mixed well, then NaCl and STPP
added to the meat and mixed for 3 min. Chicory fiber was
added and mixed for 3 min. The temperature of the blen-
ded pork meat was maintained below 10°C during mix-
ture preparation. The mixtures were stuffed into collagen
casing (20-22 mm of diameter, Nippi Collagen Industry,
Japan). The non-smoking samples were heated at 78°C
for 30 min to an internal temperature of 75°C in water-
bath (SW-90MW, Jeio Tech, Korea). The smoking sam-
ples were dried at 50°C for 25 min, and smoked 60°C for
30 min by sawdust, and then heated at 78°C for 30 min to
an internal temperature of 75°C in smokehouse (Bastra-
mat 1500; Byan & Strackbein GmbH, Germany). The coo-
ked sausages were cooled at below 15°C for 30 min until
sausage surface temperature was less than 10°C. The res-
tructured sausages were used for analysis of experiments.

pH

pH was measured using a digital pH meter (Delta 340,
Mettler-Toledo, Ltd., UK). Approximately 10 g of the
sample was cut into small pieces and 90 mL of distilled
water added. Slurry was then made using a homogenizer
(Nihonseiki, Japan) and the pH was recorded using a pH
meter. The pH meter was calibrated daily with standard
buffers of pH 4.0 and 7.0 at 25°C.

Color

The L*, a*, and b* values were determined on the sur-
face of cut restructured sausage after 20 min bloom time
using a Spectro-Colormeter (Model JX-777, Color Tech-
no. System Co., Japan) calibrated to a white plate (L*,
98.39; a*, 0.13; b*, -0.51). L*, a*, and b* values were
described using the Hunter lab color system (L* = light-
ness, a* = redness, b* = yellowness) using a white fluo-
rescent light (D65) as a light source. Each measurement
was performed in 5 replicates, taking the mean value as
the result of the assay.

Proximate analysis
Moisture, lipid and ash were assayed according to
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AOAC methods (1995).

Texture profile analysis (TPA)

Samples were cut into 10x10x10 mm (width X length x
height) pieces. Texture profile testing was conducted using
a rheometer (Compac-100, Sun Scientific Co., Japan)
under the following operational conditions: table speed of
60 mm/min, load cell (max) of 4 kg and probe diameter
of 5 mm using the Rheology Data System version 2.01.

Statistical analysis

The entire experiment was replicated three times at dif-
ferent times in the same place, and a completely random-
ized design was used. The data of restructured sausages
were analyzed by General Linear Model procedure of
SAS program, the statistical model included fat substitute
with chicory, smoking, and interactions of them. Effects
of the fat substitute with chicory, smoking, and their inter-
actions with p<0.01 were judged as ‘significance’ respec-
tively. All data analysis was performed using SAS for
Windows, version 9.1.3 (SAS, 2008).

Results and Discussion

Proximate analysis of restructured sausages

The proximate analysis of restructured sausages formu-
lated with chicory fiber and smoking treatment is shown
in Table 1. The addition of chicory fiber significantly dec-
reased the moisture and fat contents of restructured sau-
sages (p<0.01). However, the restructured sausages with
smoking treatment had higher fat and lower ash contents
than un-treated restructured sausages (p<0.01). As well as
the fat and ash contents was influenced by interaction of
chicory addition and smoking (p<0.01). Generally, dietary
fiber have a function to retain moisture content in meat
products. In the studies related to water retention of die-
tary fiber (Choi et al., 2008, 2014), the moisture contents
in meat products replaced fat with dietary fiber were
higher than those of control because the supplement water
was added to the meat batter as much as the amount of
animal fat substitute. According to the Hwang and Rhee
(2003), pork backfat was composed of 15.2% water, 6.7%
protein, and 77.6% fat. Thus, it was considered that the
fat and moisture contents of restructured sausages con-
taining chicory fiber was to be lowered than those of con-
trol with added backfat 20%. Similar results for moisture
and fat contents have been reported in other meat prod-
ucts when different types of dietary fiber were added
(Lopez-Vargas et al., 2014; Yilmaz and Daglioglu, 2003).

Table 1. Proximate analysis (%) of smoked (or not) restruc-
tured sausages following addition of chicory dietary

fiber
Treatments” Moisture Fat Ash
Control 65.44 11.72 2.53
Tl 62.31 8.56 2.33
T2 64.54 14.25 1.76
T3 61.91 9.55 1.86
SEM 0.52 0.65 0.09
FD <0.01 <0.01 -
p-value s? - <0.01 <0.01
FxS¥ - <0.01 <0.01

DControl: Pork backfat 20%, T1: Pork backfat 10% + Chicory
fiber 10%, T2: Pork backfat 20% + Smoking, T3: Pork backfat
10% + Chicory fiber 10% + Smoking

YF: Fat substitute with chicory

9S: Smoking

YFxS: Interaction between fat substitute and smoking

Also, Choi et al. (2008) reported the addition of 3% wheat
fiber was decreased of moisture and fat content and inc-
reased ash content. However, Choe ef al. (2013) and San-
chez-Zapata et al. (2013) reported that an increase in dif-
ferent types of fiber content resulted in increased mois-
ture content of frankfurter-type sausages and chorizo. In
addition, when meat products are smoked in the smoking
house, it makes surface film because of fat flowing out-
wards (Ledesma et al., 2015, 2016). Thus, the separation
of fat was reduced by the smoking treatment. Further-
more, it was determined that the ash contents were kept in
a low ratio in the sausages by the reduced fat separation.

Texture profile analysis of restructured sausages

The texture profile analysis of restructured sausages
formulated with chicory fiber and smoking treatment is
shown in Table 2. The fat substitution with chicory fiber
significantly decreased the hardness of restructured sau-
sages, and the interaction between fat substitution and
smoking influenced on the chewiness and hardness val-
ues (p<0.01). On the other hand, the springiness and co-
hesiveness values were not affected by any factors. Oppo-
site results were observed in the preceded studies which
used inulin as a fat substitute in comminuted meat prod-
uct (Garcia et al., 2006; Keenan et al. 2014; Menegas et
al., 2013). Additionally, fat is physically softer than inulin
crystals (Keenan et al. 2014). Some studies showed that
the addition of dietary fiber increased the hardness and
chewiness of meat products (Choi et al., 2011; Huang et
al., 2005; Zhuang et al., 2015). According to the Choi et
al. (2011), the heat-induced gel containing with 1% rice
bran fiber had greater sarcoplasmic protein and myofibril-
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Table 2. Texture profile analysis of smoked (or not) restruc-
tured sausages following addition of chicory dietary

fiber
Springi- Cohesive- Chewi-
Treatments" ness ness ness Ha(rs n)e s
(%) (%) (kg) £
Control 78.88 56.33 0.77 0.56
T1 78.78 56.50 0.51 0.40
T2 77.99 58.92 0.61 0.51
T3 81.43 59.89 0.80 0.65
SEM 0.86 1.47 0.03 2.63
P - - - <0.01
p-value s¥ - - - -
Fx$¥ - - <0.01 <0.01

DControl: Pork backfat 20%, T1: Pork backfat 10% + Chicory
fiber 10%, T2: Pork backfat 20% + Smoking, T3: Pork backfat
10% + Chicory fiber 10% + Smoking

YF: Fat substitute with chicory

9S: Smoking

YFxS: Interaction between fat substitute and smoking

lar protein solubilities than those of control. On the other
hand, Alvarez and Barbut (2013) reported how the addi-
tion of inulin increases the creamy characteristics and
softness of sausage. According to the Garcia et al. (2006)
texture properties of meat products exhibited a difference,
depending on the type of inulin. When added as powder,
the hardness of meat products is increased, whereas when
added as a gel, it shows soft products. Nowak et al. (2007)
reported that the addition of more than 6% inulin lead to
bad texture characteristics of meat products. In addition,
Ledesma et al. (2016) reported the hardness of meat pro-
ducts increased as smoking time increases. According to
the result of Choi er al. (2014), the hardness value of
smoked pork sausage was significantly higher than non-
smoked sausage, and they claimed that this result was
caused by dehydration during the smoking process.

Color and pH of restructured sausages

The color and pH of restructured sausages formulated
with chicory fiber and smoking treatment is shown in
Table 3. The yellowness value of the restructured sau-
sages was significantly decreased by the fat substitution
with chicory fiber, and the redness value of the restruc-
tured sausages was increased by the smoking treatment
(»<0.01). But, the lightness value was not influenced by
any factors. Both fat substitution with chicory fiber and
smoking treatment significantly affected the pH value of
restructured sausages. Similar results were observed for
L* and a* values in dry fermented chicken sausages with
added 7% inulin (Menegas et al., 2013). According to

Table 3. Color and pH of smoked (or not) restructured sau-
sages following addition of chicory dietary fiber

Hunter color”

1
Treatments" T " - pH
Control 62.10 12.30 11.01 6.03
T1 60.22 12.41 10.48 5.92
T2 63.55 13.99 11.61 6.09
T3 62.94 12.96 10.46 5.98
SEM 0.49 0.22 0.12 0.01
FY - - <0.01 <0.01
p-value s¥ - <0.01 - <0.01
FxS» - - - -

DControl: Pork backfat 20%, T1: Pork backfat 10% + Chicory
fiber 10%, T2: Pork backfat 20% + Smoking, T3: Pork backfat
10% + Chicory fiber 10% + Smoking

IL: lightness, a: redness, b: yellowness

F: Fat substitute with chicory

9S: Smoking

SFxS: Interaction between fat substitute and smoking

Céceres et al. (2004) and Nowak et al. (2007), meat prod-
ucts with reduced fat content typically are darker due to
the reduction in the shine that is provided by fat. Also, the
yellowness seems to be decreased because of fat reduc-
tion. Céceres et al. (2004) reported that inulin forms a
whitish translucent gel, and Mendoza et al. (2001) claimed
that the addition of inulin results shinier color in meat
products. In fact, the chicory fiber used in this study was
a brilliant white powder. Therefore, the addition of chic-
ory fiber significantly did not affect the color parameters
of restructured sausages. The smoking treatment led to
increase the a* values, Kim et al. (2014) reported that
smoking treatment increased a* values. It is similar results
to our study, smoking treatment could contribute the imp-
rovement of the a* values of cooked sausages. Keenan et
al. (2014) reported that pH values were not significantly
different following the addition of inulin, and Menegas et
al. (2013) reported that the addition of inulin did not
affect the pH of the sausages. These results also are ob-
served in several studies (Mendoza et al., 2001; Salazar et
al., 2009). The low fat sausages showed a lower pH than
high fat sausages (Lorenzo and Franco, 2012; Olivares et
al., 2010) because the pH value of fat is higher than lean
meat. As a result, the pH value of restructured sausages
treated smoking was higher than those of untreated res-
tructured sausages because the smoking treatment had re-
duced the loss of fat in restructured sausages.

Conclusion

The results suggest that the fat substitute with 10% chic-
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ory fiber and smoking treatment significantly affected the
quality characteristics of restructured sausages. Further, the
addition of chicory fiber significantly decreased the mois-
ture, fat, hardness, and pH values. Whereas the fat con-
tent, a*, hardness, and pH values of restructured sausages
were increased by the smoking treatment (p<0.01). Addi-
tionally, the color parameters (L* and a*) and sensory
evaluation attributes (data not shown) in the sausages with
10% chicory fiber were similar with those of control. As
well as the smoking treatment improved a falling-off in
quality characteristics (pH, fat content and hardness) of
restructured sausages due to the fat replacement. It was
concluded that the addition of chicory fiber and smoking
treatment is helpful to develop the restructured sausage
products with health and compensated quality.
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