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1 | INTRODUCTION

| Shu Chen Hsu? | Ying Che Huang!

Abstract

Kamaboko is an important fish product that is consumed in high volumes across
the globe. This study investigated whether the amount of sorghum distillers grains
(SDGs) contained in kamaboko affected its quality. Kamaboko containing SDG had
significantly higher cohesiveness and chewiness, but reduced springiness and gum-
miness. However, the SDG addition ratio had no significant effect on hardness. The
pH value (range, pH 4.98-5.87) and cooking loss (range, 2.54-2.71%) were signifi-
cantly lower than the control group (5.99 and 5.27%, respectively). The kamaboko's
emulsification stability and water loss (range, 1.22-1.59%) decreased with increasing
SDG; however, the differences were not significant. The fat loss (range, 0.02-0.10%)
and water-holding capacity (WHC) (range, 91.56-95.91%) at high SDG addition ratios
(100%) were significantly lower than those in the control group (0.07 and 96.12%,

respectively).

Practical applications

The results of this study demonstrate the practical application of sorghum distillers
grains (SDG), a byproduct of brewing a famous Taiwanese alcoholic drink, kaoliang lig-
uor. Sorghum distillers grains can replace starch in emulsified seafood products, such
as kamaboko, to create products with favorable qualities (texture profile analysis, pH
value, cooking loss, and emulsification stability). Ultimately, our findings should serve
as a reference for exploring the diverse roles of SDG in food processing, provide a
basis for adding value to SDG, and help reduce the waste and the environmental prob-

lems caused by leftover distillers grains generated during the alcohol brewing process.

is rich in protein, and low in calories and fat (Mao et al., 2006).

The high nutritional value of seafood and its importance in the
human diet have been demonstrated in recent years (Shabanpour
& Etemadian, 2016). Seafood products play a key role in maintaining
the dietary balance. Kamaboko is made of surimi and is an emulsi-
fied seafood product that is generally consumed immediately after
preparation (Desai et al., 2006; Yamada et al., 2018). Kamaboko is
one of the most popular and important fish products (Hajidoun &
Jafarpour, 2013; Mao et al., 2006; Suryaningrum et al., 2015; Yaguchi
et al., 2017; Yamada et al., 2018) because of its unique texture and
nutritional value. It is made from the highest quality fresh fish and

Kamaboko is produced in large quantities in Taiwan and has become
commercially available worldwide in response to increasing health
consciousness among consumers.

The quality of kamaboko depends on a number of factors, includ-
ing the species and freshness of the fish used, processing methods,
and variables such as moisture content, salt, and pH (Jafarpour &
Gorczyca, 2012; Mao et al., 2006; Seighalani et al., 2017; Seighalani
et al., 2017; Yaguchi et al., 2017). In addition, kamaboko contains
surimi as the main ingredient and starch as a filler. It also contains
added sugar and salt (Suryaningrum et al., 2015). However, various
food additives are commonly used to enhance its quality and reduce
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production costs. The necessity of these additives has received in-
creasing attention because consumer perception indicates that the
use of natural food materials is safer and healthier.

Consumer desire for healthy foods has led to changes in the
demand for processed foods and fierce competition in relevant
markets. This has prompted the manufacturers of processed fish
products to consistently improve their food processing protocols
and material processing techniques (Chou, 2020). Functional prop-
erties are the major factors affecting the final acceptance of kam-
aboko by consumers (Fogaca et al., 2013). Therefore, the application
of functional materials in the preparation of healthy kamaboko has
become a key topic in seafood production.

However, the remaining distillers grains are typically regarded
as waste products of the liquor fermentation process. Currently,
Taiwan produces a lot of distillers grains annually, which constitutes
a serious waste problem as these distillers grains possess a wide
range of nutrients. Thus, identifying an appropriate use for distiller
grains has become a pressing matter (Chou, 2020).

Sorghum distillers grains (SDGs) are a byproduct generated
after brewing a famous Taiwanese alcoholic liquor, kaoliang liquor
(Chou, 2020). Numerous studies have reported that distiller grains
possess a comprehensive range of nutrients (Awika & Rooney, 2004)
and have an excellent water-holding capacity (WHC) (Chou, 2020).
Therefore, many food products based on distiller grains, such as bis-
cuits, have been developed over the years. However, the application
of SDGs during the processing of fish products is none.

In summary, distillers grains are byproducts of alcohol breweries
and have a high nutritional value, dietary fiber content, and WHC
(Chou, 2020). The second property, dietary fiber, is generally lack-
ing in modern human diets. Surimi is the main ingredient in kam-
aboko, a product whose production methods and physical properties
have been extensively investigated (Desai et al., 2006; Shabanpour
& Etemadian, 2016; Yaguchi et al., 2017). However, there have been
few reports about how SDG addition affects the characteristics of
kamaboko. Kamaboko is produced and consumed in large quantities
worldwide, but fish products do not contain dietary fiber. Therefore, we
examined the effects of substituting potato flour during kamaboko pro-
duction with SDG at different proportions (20, 40, 60, 80, and 100%)
and investigated the quality characteristics of kamaboko (texture
profile analysis, pH value, cooking loss, and emulsification stability).
Ultimately, our findings should serve as a reference for exploring the
diverse roles of SDG in food processing, and provide a basis for adding
value to SDG, and reducing the waste and the environmental problems

caused by leftover distillers grains generated during alcohol brewing.

2 | MATERIALS AND METHODS

2.1 | Raw materials

Fresh tilapia (Oreochromis niloticus) weighing ~0.5 kg per head
was purchased from a local market in Neipu Township, Pingtung
County, Taiwan. The fish were packed in ice and transported to the
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laboratory. After the heads, viscera, tails, bone, and skin were re-
moved, the dorsal muscle was collected and chopped into <3 mm
cubes for the preparation of surimi and kamaboko.

Salt, sugar, and potato flour were purchased from a local market
in Neipu Township, Pingtung County, Taiwan. The SDGs were pur-
chased from the Pingtung Brewery of the Taiwan Tobacco and Liquor
Corporation, Taiwan. Then the SDGs were stored in a freezer at 7°C
until needed. Prior to the experiment, the SDGs were removed from

the freezer and left to reach room temperature before processing.

2.2 | Preparation of SDGs

The SDGs were prepared according to Chou (2020). They were
first placed in a 42°C oven (Constant Temperature Oven DKN 612;
Yamoto Company) and dried until the water activity was below
0.3. The dried SDG was pulverized using a grinder (RT-NO8; Rong
Tsong) and then the SDG powders were sieved through a 30-mesh
sieve (Retsch GmbH). Finally, the sifted SDG powder was placed in a
sealed container and stored at 18°C.

2.3 | Surimi preparation

The surimi was prepared according to Suryaningrum et al. (2015),
Seighalani et al. (2017), and Seighalani et al., (2017), with some
modifications. Approximately 500 g of minced fish was weighed
and washed three times with cold water (kept below 5°C) at a
water/mince ratio of 5:1 for 15 min. After the third wash, 22.5 g
NaCl was added. The water was subsequently removed using
a dehydrator (SYCY-15-D; Sheng-You Co. Ltd.) for 1 min. The
minced fish were ground using a meat mincer (CB-7; K.S.H. Kinn
Shang Hoo Iron Works) for 1 min, and then 2.5% NaCl was added
and the product was continuously ground for 2 min to obtain
surimi. The surimi was packed into a 1 kg pack and kept at -18°C
until needed.

2.4 | Proximal analysis of SDG

The moisture, crude protein, crude fat, crude fiber, and ash con-
tents of the SDG were estimated using standard methods of analy-
sis (AOAC, 2012). Total carbohydrate content was calculated using
the difference method and the following formula: Total carbo-
hydrate (%) = 100 - [moisture (%) + crude protein (%) + crude fat
(%) + total ash (%)]. In addition, the total dietary fiber and insoluble
dietary fiber were also estimated using standard methods of analysis
(AOAC, 1986 and AOAC, 1994).

The moisture, crude protein, crude fat, crude fiber, ash content,
and total carbohydrate contents of the SDG were 8.0, 13.8, 5.3, 17.7,
5.0, and 67.9% (wet weight basis), respectively (data not shown). The
total dietary fiber and insoluble dietary fiber of the SDG were 34.08
and 31.68%, respectively (data not shown).
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2.5 | Preparation of kamaboko containing SDG

The kamaboko was prepared as described by Chou (2020), Yaguchi
et al. (2017), Seighalani et al. (2017), Seighalani et al., (2017), and
Suryaningrum et al. (2015), with some modifications. The raw mate-
rials for each group were weighed according to a predetermined for-
mula (Table 1). The frozen surimi was thawed and ground with salt in
a meat mincer (CB-7; Kinn Shang Hoo Iron Works) to obtain homoge-
neous surimi. The surimi was stirred until a sticky paste had formed.
Then, sugar, ice water, potato starch, and SDG were gradually added
and the mix was stirred for 15 min. The resulting dough was shaped
into a kamaboko with the following specifications: length = 15 cm,
width = 5 cm, and thickness = 1 cm. The shaped kamaboko was then
placed in a 100°C gas steamer (CK-485; Chuan Kuel) and steamed
for 15 min to fix the shape. Finally, the manufactured kamaboko was
removed from the steamer, packed, and stored at -18°C for further
analysis.

2.6 | Texture profile analysis

Texture profile analysis was conducted using an EZ Test-500N texture
analyzer (TAXTZ-5, Shimadzu Co.) as previously described by Chou
(2020), Jin et al., (2016), and Suryaningrum et al. (2015), with some
modifications after calibrating the accuracy. The samples were sliced
into pieces (3 cm x3 cm x1 cm). For each set of samples, two com-
pression testing sessions were conducted at a compression speed of
60 mm/min with a 1 cm rounded probe, a 500 N load cell, and a com-
pression height that was set to 50% of the height of the original sam-
ple. Three measurements were performed for each sample set.

2.7 | Determination of the pH value

The pH value was analyzed using a calibrated digital pH tester (PL
700PV(s); Great Tide Instrument Co., Ltd.) as previously described
by Chou (2020), Seighalani et al. (2017), Seighalani et al., (2017), and
Park and Kim (2016), with some modifications. A 10% (wt/vol) sus-
pension was homogenized using a food processor (CP-75S; Ladyship
Co., Ltd.) for 5 min and allowed to stand for 30 min. Three measure-
ments were performed for each sample set.

TABLE 1 Kamaboko composition (g)

st - wiLey- "

2.8 | Cooking loss analysis

The cooking loss analysis was performed according to Chou (2020).
A total of 2 g of each sample and 20 ml of distilled water were
measured out. Then, the distilled water was placed in a crucible
(W) with a constant weight and heated to boiling using a heating
plate (HP-303D; NewLab). The weighed sample was added to the
boiled distilled water and heated for 5 min before removal. Then,
the remaining liquid was then placed in an oven (DKN 612; Constant
Temperature Oven, Yamoto Company) at 105°C and dried to a con-
stant weight (W1). The cooking loss rate was calculated using the
following formula: cooking loss rate = (W1 - W)/X) x 100. Three

measurements were performed for each sample set.

2.9 | Emulsified stability and WHC analysis

The emulsified stability and WHC analysis procedures were con-
ducted as described by Chou (2020), Park and Kim (2016), and
Hajidoun and Jafarpour (2013), with some modifications. Each
sample (20 g) was weighed and suspended in a beaker and covered
with aluminum foil. The beaker was then placed in a circulating bath
(BH-230D; Yihder) at 75°C for 30 min before being removed and
set aside to cool. The cooled beaker was then weighed and placed
in a drier (DV453; Channel model) at 60°C for 6 hr to remove the
moisture. The dried beaker was weighed again and the obtained
values were substituted into the following formulas to calculate the
water loss and fat loss ratio. Three measurements were performed

for each sample set.

Water loss (%) = (water weight/sample weight) x 100 (1)

Fatloss (%) = (oil weight/sample weight) x 100 (2)

WHC (%) = (water content — water loss Irb % ) /water content x 100

@)

2.10 | Statistical analysis

The collected data were organized by Microsoft Excel 2010 and
evaluated using analysis of variance (ANOVA) and Statistical
Analysis System statistical software (Windows V9.1, SAS Institute

according to the SDG ratio Category
Ingredient Control group 20% 40% 60% 80% 100%
Surimi 1,500 1,500 1,500 1,500 1,500 1,500
Salt 22.5 22.5 22.5 22.5 22.5 22.5
Sugar 30 30 30 30 30 30
Ice water 375 375 375 375 375 375
Potato starch 300 240 180 120 60 0
SDG 0 60 120 180 240 300
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Inc.). Differences between the mean values were evaluated using

Duncan’s multiple range test (p < .05).

3 | RESULTS AND DISCUSSION
3.1 | Texture profile analysis

The effects of different ratios of SDG addition on the texture of
kamaboko are summarized in Table 2. The texture profile analysis
indicated that kamaboko supplemented with SDG had higher lev-
els of cohesiveness and chewiness (p < .05) than the kamaboko in
the control group. The hardness analysis indicated that the hard-
ness of the produced kamaboko ranged from 1.22 to 1.59 kgf, and
the addition of SDG to kamaboko did not significantly affect its
hardness (p > .05). A higher SDG addition ratio corresponded to a
lower hardness level for the manufactured kamaboko. It is prob-
able that the gel strength of kamaboko decreased because the
SDG contained starch (Yaguchi et al., 2017). The gel-forming (ge-
lation) process for myofibrillar proteins in fish muscle is the most
important step in the formation of unique and gel-like textures.
It is caused by heating after the kamaboko is ground with salt
(Do & To, 2017; Hajidoun & Jafarpour, 2013; Hosseini-Shekarabi
etal., 2015; Shabanpour & Etemadian, 2016; Uzzaman et al., 2018).
Depending on the type of additive applied and the preparation
method (Hosseini-Shekarabi et al., 2015; Seighalani et al., 2017;
Seighalani et al., 2017), starch promotes the formation of a con-
tinuous matrix by interacting with water and protein in the fish
paste and plays an important role in improving the mechanical and
functional properties of kamaboko (Fogaca et al., 2013). The de-
creased hardness of kamaboko at higher SDG addition ratios may
be due to excessive cross-linking, which lowers the gel strength
and hardness by impeding protein intermolecular aggregation,
which reduces gel network formation (Seighalani et al.,, 2017;
Seighalani et al., 2017). However, the finding of this study was not
statistically significant (p > .05) among the different experimen-
tal variables, but the result was in agreement with Hajidoun and

Jafarpour (2013), who found that the hardness of common carp

TABLE 2 Effects of different SDG ratios on kamaboko texture

Experimental group Hardness (kgf) Springiness
Control
1.44 +0.03° 2.17 +0.23°
20% 1.59 + 0.06 1.67 +0.33°
SDG
40% 1.49 +0.01° 0.94 + 0.02°
60% 1.30 + 0.03° 0.75 + 0.02
80% 1.28 +0.01° 0.54 + 0.06%
100% 1.22 + 0.07° 0.29 +0.02°
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surimi gels was not affected by different levels (0.5, 1.0, and 1.5%)
of added chitosan. Our results showed that the different SDG ad-
dition ratios had no significant effects on kamaboko.

The springiness analysis indicated that the springiness of the
kamaboko produced ranged from 0.29 1.67. The results presented
in Table 2 indicate that increasing SDG addition led to a lower
level of springiness in the manufactured kamaboko, and some
of these results were statistically significant (p < .05). Uzzaman
et al. (2018) demonstrated that the springiness of red tilapia mince
gel (Oreochromis sp.) supplemented with chitosan and phosphate
salts ranged from 0.3 to 0.9. Hajidoun and Jafarpour (2013) also
demonstrated that the elasticity of common carp surimi with var-
ious concentrations of chitosan ranged from 0.96 to 0.99, which
was similar to the results obtained in this study. Yen and Anh
(2018) found that the texture of a product is determined by the
gel-forming process, which involves the myofibrillar proteins in
fish muscle. Kamaboko has an elastic texture (springiness) owing
to its protein gel availability (Suryaningrum et al., 2015). The for-
mation of a fish protein gel matrix in kamaboko is affected by pH
and water availability because the interaction between protein and
water affects springiness (Suryaningrum et al., 2015). According
to Suryaningrum et al. (2015), the optimal pH for strong gelation
was approximately pH 7.0-7.5 for kamaboko, while the pH value
of kamaboko after the addition of SDG ranged from 4.98 to 5.99
(Table 3). These results indicate that a higher SDG addition ratio
leads to a lower pH value and springiness in kamaboko.

The cohesiveness analysis indicated that the cohesiveness of
kamaboko ranged from 0.11 to 0.43. Furthermore, after the addi-
tion of SDG, kamaboko had significantly higher cohesiveness than
that of the control group (0.04) (p < .05). Hajidoun and Jafarpour
(2013) demonstrated that the cohesiveness of common carp surimi
with various concentrations of chitosan ranged from 0.65 to 0.80.
Similarly, Uzzaman et al. (2018) also demonstrated that the cohe-
siveness of red tilapia mince gel (Oreochromis sp.) with chitosan and
phosphate salts ranged from 0.10 to 0.55, which was similar to the
results obtained in this study. The cohesiveness of kamaboko is af-
fected by pH and water availability and depends on the interaction

between protein and water (Suryaningrum et al., 2015). A higher

Chewiness

Cohesiveness Gumminess (gf) (gf)

0.04 +0.01° 112.98 + 4.96 15.53 + 3.79°
0.11 + 0.01¢ 93.15 + 2.25° 16.63 + 2.55%
0.20 + 0.04¢ 63.69 + 4.83 23.39 + 1.74%
0.23 + 0.02° 65.14 + 3.32° 24.53 + 3.51°
0.31 + 0.06° 57.60 + 2.20% 35.70 + 2.67°
0.43 +0.01° 53.84 + 3.15° 50.41 + 6.95°

Note: Different superscript letters in the same column are significant differences (p < .05). Values are means (n = 3).
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TABLE 3 Effects of different SDG ratios on kamaboko pH
Experimental group pH
Control
5.99 +0.04°
20% 5.87 +0.02°
SDG
40% 5.78 + 0.02°
60% 5.69 + 0.02°
80% 5.50 + 0.01¢
100% 4.98 +0.03f

Note: Different superscript letters in the same column are significant
differences (p < .05). Values are means (n = 3).

SDG addition ratio led to a higher level of cohesiveness in manu-
factured kamaboko, and some of the results were statistically sig-
nificant (p < .05). A possible explanation for the improved texture of
kamaboko after the addition of different ratios of SDG is the slight
reduction in the myosin heavy chain content via polymerization,
which enhances the formation of cross-linked myosin heavy chain
components (Hajidoun & Jafarpour, 2013; Seighalani et al., 2017,
Seighalani et al., 2017). The results from this study indicate that the
use of SDG in the preparation of kamaboko significantly affects the
cohesiveness of the manufactured products.

The gumminess analysis indicated that the gumminess of the
produced kamaboko ranged from 53.84 to 93.15 gf, and samples
with added SDG had a significantly lower level of gumminess than
the control group (112.98 gf) (p < .05). Yaguchi et al. (2017) reported
that the texture decreases with increasing vegetable and fruit pow-
der concentrations. In another study, Uzzaman et al. (2018) demon-
strated that adding chitosan and phosphate salts to red tilapia mince
gel (Oreochromis sp.) altered its gumminess (gumminess range: 0.10-
0.55 kgf), which could be attributed to the gelation of kamaboko
being either inhibited or enhanced. This means that the gel texture
of the products can be very different from gels formed by the food
components (Uzzaman et al., 2018).

The chewiness analysis indicated that the chewiness of the
produced kamaboko ranged from 16.63 to 50.41 gf, and the added
SDG products had a significantly higher level of chewiness than
the control group (15.57 gf) (p < .05). A higher SDG addition ratio
increased the chewiness of the kamaboko. It is possible that the
chewiness of kamaboko increases because the SDG contains
starch (Yaguchi et al.,, 2017). The heating process used during
the production of kamaboko can cause several changes to the
starch characteristics, such as the swelling of starch granules and
water absorption, both of which improve texture and chewiness
(Suryaningrum et al., 2015).

Texture is the most important factor when evaluating the qual-
ity of kamaboko (Do & To, 2017). According to Choe et al. (2013),
emulsified products with greater levels of cohesiveness and chewi-
ness show greater emulsification stability. The results of the present
study indicate that the addition of SDG generally resulted in higher
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levels of cohesiveness and chewiness in kamaboko than in the con-
trol group (p < .05). No negative effects were observed when differ-
ent amounts of SDG were added to the kamaboko.

Ultimately, these results indicate that the addition of SDG may
enhance the emulsification stability of kamaboko, which is crucial
when attempting to enhance its texture and increase consumer ac-

ceptance of kamaboko.

3.2 | pH

The effects of different SDG addition ratios on the pH value of
kamaboko are summarized in Table 3. The pH value of the kama-
boko with added SDG ranged between pH 4.98 and 5.87, which
was significantly lower than the pH value of the kamaboko in the
control group (5.99) (p < .05). These results indicate that a higher
SDG addition ratio corresponds to a lower pH value for kamaboko.
Chou (2020) demonstrated that the pH of emulsified pork sau-
sages prepared with different SDG addition ratios (0, 20, 40, 60,
80, and 100%) ranged from 6.21 to 6.43. Seighalani et al. (2017)
and Seighalani et al. (2017) demonstrated that the pH of kamaboko
from red tilapia ranged from 6.60 to 6.67, and Seong et al. (2017)
reported that the pH values of emulsified pork sausages prepared
with Monascus powder ranged from 6.63 to 6.57. Another study
(Jin et al., 2014) substituted nitrite with beetroot in the prepara-
tion process for emulsified pork sausages and found that the pH
of the sausages produced ranged from 6.03 to 6.30. These results
are similar to those produced by the present study. Generally, the
pH values of kamaboko and surimi products depend on the in-
gredients, water-soluble acid elements (free amino acids, lactic
acid, and free fatty acids), and additives, which are removed by
washing during preparation, resulting in only slight differences in
pH (Pietrasik, 1999; Seighalani et al., 2017; Seighalani et al., 2017
Yaguchi et al., 2017). These factors, in turn, affect the quality of
kamaboko and surimi products, including their WHC, freshness,
color, and texture (Jin et al.,, 2014). The results of the present
study are consistent with those of Pietrasik (1999).

3.3 | Cooking loss

The results for the effects of different SDG addition ratios on
kamaboko cooking losses (Table 4) indicated that cooking loss
ranged between 2.54 and 2.71%, which was significantly lower
than the kamaboko cooking loss in the control group (5.27%)
(p < .05). However, the addition of 20 and 100% SDG did not
significantly affect the kamaboko cooking losses (p > .05). This
is probably because the SDG contains crude fiber (17.7%), total
dietary fiber (34.08), and insoluble dietary fiber (31.68%). Chou
(2020) demonstrated that the cooking losses for emulsified pork
sausages prepared with different SDG ratios (0, 20, 40, 60, 80, and
100%) ranged from 4. to 6.39%. Ham et al. (2017) indicated that
an increase in the lotus root addition ratio during the production
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of pork sausages led to an increase in crude fiber and ultimately a
reduction in the sausage cooking loss (range: 5.89-7.31%), which is
similar to the results obtained in the present study. Similarly, Lee
et al. (2017) reported that crude fiber in raw ingredients can ef-
fectively reduce cooking losses.

3.4 | Emulsification stability: water loss

The results for the effects of different SDG addition ratios on water
loss from kamaboko (Table 5) revealed that the water loss ranged
between 1.22 and 1.59%. The addition of SDG to kamaboko did
not significantly affect water loss from kamaboko (p > .05). Chou
(2020) showed that the water loss from emulsified pork sausages
prepared with different SDG addition ratios (0, 20, 40, 60, 80, and
100%) ranged from 1.83 to 3.00%. Lee et al. (2017) reported that a
higher wheat flour addition ratio during the production of emulsi-
fied pork sausages reduced the water loss rate (range: 2.50-7.19%),
which was similar to the results obtained in the present study. The
different SDG ratios did not have any negative effects on kamaboko

in the present study.

TABLE 4 Effects of different SDG ratios on cooking loss rate for
kamaboko

Cooking
Experimental group loss (%)
Control
5.27 +0.23°
20% 271+0.43°
SDG
40% 2.54 +0.08°
60% 2.64 +0.04°
80% 2.57 £0.25"
100% 2.55 + 0.60°

Note: Different superscript letters in the same column are significant
differences (p < .05). Values are means (n = 3).

TABLE 5 Effects of different SDG ratios on water loss rate for
kamaboko

Water loss
Experimental group (%)
Control
1.44 £0.33°
20% 1.59 +0.21°
SDG
40% 1.28 + 0.40°
60% 1.49 +0.21°
80% 1.30 + 0.08°
100% 1.22 +0.11°

Note: Different superscript letters in the same column are significant
differences (p < .05). Values are means (n = 3).

Institute of f
] | P
+Technology

FU CHOU ET AL.

3.5 | Emulsification stability: fat loss

The analysis results for the effects of different SDG addition ratios
on fat loss from kamaboko (Table é) indicated that fat loss ranged
from 0.02 to 0.10%. Fat loss decreased as the SDG addition ratio in-
creased and was lowest (0.02%) at the 100% addition ratio. However,
the addition of 20 and 80% SDG did not significantly affect fat loss
from kamaboko (p > .05). Chou (2020) demonstrated that the fat loss
from emulsified pork sausages prepared with different SDG addition
ratios (0, 20, 40, 60, 80, and 100%) ranged from 0.05 to 0.10%. Ham
et al. (2017) reported that the fat loss from emulsified pork sausages
tended to decrease as the lotus root powder addition ratio (0, 1, 2,
and 3%) increased, which was similar to the results obtained in the

present study.

3.6 | Water-holding capacity

The WHC of kamaboko after the addition of different amounts of SDG
indicated that the WHC of kamaboko ranged from 91.06 to 95.91%
(Table 7). In addition, a higher SDG addition ratio corresponds to a
lower WHC for kamaboko. The lowest WHC (91.06%) was obtained
with an addition ratio of 100%. However, the addition of between 20

TABLE 6 Effects of different SDG ratios on fat loss by kamaboko

Experimental group Fat loss (%)

Control
0.07 +0.03%®
20% 0.10 + 0.05°
SDG
40% 0.05 + 0.00%
60% 0.05 + 0.00*
80% 0.04 + 0.00?®
100% 0.02 + 0.00°

Note: Different superscript letters in the same column are significant
differences (p < .05). Values are means (n = 3).

TABLE 7 Effects of different SDG ratios on the water-holding
capacity (WHC) of kamaboko

Experimental group WHC (%)
Control
96.12 + 0.14°
20% 95.91 + 0.04°
SDG
40% 95.88 +0.72°
60% 95.79 + 0.40°
80% 95.76 + 1.04%
100% 91.06 + 0.22°

Note: Different superscript letters in the same column are significant
differences (p < .05). Values are means (n = 3).
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and 80% SDG did not appear to significantly affect the WHC (p > .05).
Chou (2020) demonstrated that the WHC of emulsified pork sausages
prepared with different SDG addition ratios (0, 20, 40, 60, 80, and
100%) ranged from 95.88 to 97.16%, but these differences were not
statistically significant (p > .05), which was similar to the results ob-
tained in the present study. Suryaningrum et al. (2015) reported that
the WHC of protein gels was significantly different at a pH of ~6.
Water-holding capacity is defined as the ability of fish muscle to retain
water in surimi gels (kamaboko). A higher WHC value indicates that the
gel has an improved ability to bind to water. The WHC of kamaboko
is related to myofibrillar proteins and interactions between proteins
and water affect the texture of kamaboko. During kamaboko manu-
facturing process, proteins become denatured and gradually form a
network that can absorb water. However, higher SDG ratios have been
associated with a decrease in WHC. Jin et al. (2014) found that the
WHC of a meat product is influenced by the interactions between its
composition components, wherein the influence of non-meat compo-
nents is especially strong. Furthermore, SDG, which contains crude
fiber (17.7%), affected WHC in food products.

4 | CONCLUSIONS

In the present study, the effects of different SDG ratios (20, 40, 60,
80, and 100%) on the quality of kamaboko were evaluated. The tex-
ture profile analysis indicated that kamaboko with added SDG had
higher levels of cohesiveness and chewiness compared to the control
group, but not springiness or gumminess. However, the experimen-
tal and control kamaboko did not differ significantly in terms of hard-
ness. The kamaboko’s pHs and cooking losses tended to decrease
with increasing SDG; however, the changes in cooking loss were not
significant. In terms of the kamaboko’s emulsification stability, the
lowest fat loss and WHC were observed at the highest SDG addition
ratio (100%). These results demonstrate that the addition of SDG
could effectively affect the quality of emulsified seafood products
(e.g., kamaboko). This strongly suggests that SDG could replace
starch in the manufacture of emulsified seafood products, and can
enhance the favorable qualities of the final products, including im-
proved texture and emulsification stability. Furthermore, the results
obtained in the present study highlight the diverse applications of
SDG in the field of food processing. They can be used to promote the
added value associated with SDG, and provide an effective solution
for the waste and the environmental problems caused by distillers
grains generated during alcohol brewing, all of which will ultimately

enhance the value of SDG.

ACKNOWLEDGMENTS

The authors would like to extend their sincere thanks and grati-
tude to the Department of Food Science and Nutrition at Meiho
University. The assistance provided by the department to the re-
searchers (in terms of funding and equipment support) has contrib-
uted enormously to the successful completion of this study. This
work was supported by Meiho University, Taiwan (R.O.C.).

7 of 8
=zfst - wiLey-17
CONFLICT OF INTEREST
The authors declare no potential conflict of interest with respect to

the research, authorship, and/or publication of this article.

AUTHOR CONTRIBUTIONS
Chin Fu Chou:

Supervision; Validation; Writing—original draft; Writing—review &

Conceptualization; Project administration;

editing. Shu Chen Hsu: Data curation; Formal analysis. Ying Che

Huang: Supervision; Writing—review & editing.

ORCID

Chin Fu Chou "= https://orcid.org/0000-0003-0360-2093

REFERENCES

AOAC (1986). Official methods of analysis, 18th ed. Association of Official
Analytical Chemists.

AOAC (1994). Official methods of analysis, 18th ed. Association of Official
Analytical Chemists.

AOAC (2012). Official methods of analysis, 19th ed. Association of Official
Analytical Chemists.

Awika, J. M., & Rooney, L. W. (2004). Sorghum phytochemicals and their
potential impact on human health. Phytochemistry, 65, 1199-1221.
https://doi.org/10.1016/j.phytochem.2004.04.001

Choe, J. H,, Kim, H. Y., Lee, J. M., Kim, Y. J., & Kim, C. J. (2013). Quality
of frankfurter-type sausages with added pig skin and wheat fiber
mixture as fat replacers. Meat Science, 93, 849-854. https://doi.
org/10.1016/j.meatsci.2012.11.054

Chou, C. F. (2020). Evaluation of quality properties of emulsified
pork sausages containing sorghum distillers grains. Journal of
Food Processing and Preservation, 44(12), e14968. https://doi.
org/10.1111/jfpp.14968

Desai, S., Joshi, V. R., & Pagarkar, A. U. (2006). Effect of modified starch
on the shelf life of frozen fish kamaboko with prepared spinach.
Journal of Indian Fisheries Association, 33, 175-182.

Do, T. Y., & To, K. A. (2017). The changes of protein structure in tilapia
surimi during gelation by Raman spectroscopy. Vietnam Journal of
Science and Technology, 55(5A), 211-217.

Fogaca, F. H. S., Trinca, L. A., Bombo, A. J., & Silvia Sant'Ana, L. (2013).
Optimization of the surimi production from mechanically recovered
fish meat (MRFM) using response surface methodology. Journal of
Food Quality, 36, 209-216. https://doi.org/10.1111/jfq.12019

Hajidoun, H. A., & Jafarpour, A. (2013). The influence of chitosan on tex-
tural properties of common carp (Cyprinus carpio) surimi. Journal of
Food Processing & Technology, 4(5), 226. https://doi.org/10.4172/21
57-7110.1000226

Hosseini-Shekarabi, S. P., Hosseini, S. E., Soltani, M., Kamali, A., &
Valinassab, T. (2015). Effect of heat treatment on the properties of
surimi gel from black mouth croaker (Atrobucca nibe). International
Food Research Journal, 22(1), 363-371.

Jafarpour, A., & Gorczyca, E. M. (2012). Contribution of sarcoplasmic
proteins to myofibrillar proteins gelation. Journal of Food Science,
77(2), 73-81. https://doi.org/10.1111/j.1750-3841.2011.02521

Jin, S. K., Choi, J. S., Moon, S. S., Jeong, J. Y., & Kim, G. D. (2014). The
assessment of red beet as a natural colorant, and evaluation of
quality properties of emulsified pork sausage containing red
beet powder during cold storage. Korean Journal for Food Science
of Animal Resources, 34, 472-481. https://doi.org/10.5851/
kosfa.2014.34.4.472

Jin,S. K., Ha, S.R., Hur, S. J., & Choi, J. S. (2016). Effect of the ratio of raw
material components on the physico-chemical characteristics of
emulsion-type pork sausages. Asian-Australasian Journal of Animal
Science, 29, 263-270. https://doi.org/10.5713/ajas.15.0129


https://orcid.org/0000-0003-0360-2093
https://orcid.org/0000-0003-0360-2093
https://doi.org/10.1016/j.phytochem.2004.04.001
https://doi.org/10.1016/j.meatsci.2012.11.054
https://doi.org/10.1016/j.meatsci.2012.11.054
https://doi.org/10.1111/jfpp.14968
https://doi.org/10.1111/jfpp.14968
https://doi.org/10.1111/jfq.12019
https://doi.org/10.4172/2157-7110.1000226
https://doi.org/10.4172/2157-7110.1000226
https://doi.org/10.1111/j.1750-3841.2011.02521
https://doi.org/10.5851/kosfa.2014.34.4.472
https://doi.org/10.5851/kosfa.2014.34.4.472
https://doi.org/10.5713/ajas.15.0129

80of 8
O Wl LEY_ Journal of

Lee, C. W,, Kim, T. K., Hwang, K. E., Kim, H. W,, Kim, Y. B., Kim, C. J., &
Cho, Y. S. (2017). Combined effects of wheat sprout and isolated
soy protein on quality properties of breakfast sausage. Korean
Journal for Food Science of Animal Resources, 37, 52-61. https://doi.
org/10.5851/kosfa.2017.37.1.5

Mao, W., Fukuoka, M., & Sakai, N. (2006). Gel strength of kamaboko
gels produced by microwave heating. Food Science and Technology
Research, 12(4), 241-246. https://doi.org/10.3136/fstr.12.241

Park, S.Y., & Kim, H. Y. (2016). Effect of black rice powder levels on qual-
ity properties of emulsion-type sausage. Korean Journal for Food
Science of Animal Resources, 36, 737-743. https://doi.org/10.5851/
kosfa.2016.36.6.737

Pietrasik, Z. (1999). Effect of content of protein, fat and modified starch
on binding textural characteristics, and colour of comminuted
scalded sausages. Meat Science, 51, 17-25. https://doi.org/10.1016/
S0309-1740(98)00068-0

Seighalani, F. Z. B., Bakar, J., & Saari, N. (2017). Physico-chemical proper-
ties of red tilapia (Oreochromis spp.) during surimi and kamaboko gel
preparation. International Food Research Journal, 24(3), 1248-1254.

Seighalani, F. Z. B., Bakar, J., Saari, N., & Khoddami, A. (2017). Thermal and
physicochemical properties of red tilapia (Oreochromis niloticus) su-
rimi gel as affected by microbial transglutaminase. Animal Production
Science, 57, 993-1000. https://doi.org/10.1071/AN15633

Seong, P. N, Hoa, V. B., Kim, Y. S., Kang, S. M., Cho, S. H., Kim, J. H.,
Park, B. Y., Kang, G. H., Moon, S. S., & Seo, H. W. (2017). Effects
of additions of Monascus and laccaic acid on the color and qual-
ity properties of nitrite-free emulsion sausage during refrigerated
storage. Korean Journal for Food Science of Animal Resources, 37, 10-
17. https://doi.org/10.5851/kosfa.2017.37.1.10

Shabanpour, B., & Etemadian, Y. (2016). Chemical changes and shelf-life
of conventional surimi and proteins recovered using pH change
method from common carp (Cyprinus carpio) muscle during 5

=1fst

FU CHOU ET AL.

months storage at -18°C. Iranian Journal of Fisheries Science, 15(1),
311-332.

Suryaningrum, T. D., Irianto, H. E., & Ikasari, D. (2015). Characteristics
of kamaboko from catfish (Clarias gariepinus) surimi processed with
carrot and beet root as filler and natural food colorants. Squalen
Bulletin of Marine Fisheries Postharvest and Biotechnology, 10(3), 99-
108. https://doi.org/10.15578/squalen.v10i3.169

Uzzaman, M. A,, Bakar, J., Abd Rahman, R., & Karim, R. (2018). Instrumental
Texture Profile Analysis (ITPA) of red tilapia mince gel (Oreochromis
sp.) added with chitosan and phosphate salts. Journal of Environmental
Science, Toxicology and Food Technology, 12(3), 11-16.

Yaguchi, S., Shimoda, M., Fukushima, H., & Maeda, T. (2017). Comparison
of gel strength of kamaboko containing powders from nine differ-
ent vegetables and fruits. Journal of National Fisheries University,
65(1), 1-8.

Yamada, K., Kajita, T., Matsumiya, M., & Fukushima, H. (2018). Evaluation
of the quality of frozen surimi using suwari reaction speed and ac-
tivation energy. CYTA-Journal of Food, 16(1), 723-729. https://doi.
org/10.1080/19476337.2018.1460402

Yen, D. T., & Anh, T. K. (2018). The changes of protein structure in tilapia
surimi during gelation by raman spectroscopy. Vietnam Journal of
Science and Technology, 55(5A), 211-217. https://doi.org/10.15625/
2525-2518/55/5A/12197

How to cite this article: Chou, C. F.,, Hsu, S. C., & Huang, Y. C.
(2022). Evaluation of kamaboko quality characteristics when
it is produced using sorghum distillers grains. Journal of Food
Processing and Preservation, 00, €16295. https://doi.
org/10.1111/jfpp.16295



https://doi.org/10.5851/kosfa.2017.37.1.5
https://doi.org/10.5851/kosfa.2017.37.1.5
https://doi.org/10.3136/fstr.12.241
https://doi.org/10.5851/kosfa.2016.36.6.737
https://doi.org/10.5851/kosfa.2016.36.6.737
https://doi.org/10.1016/S0309-1740(98)00068-0
https://doi.org/10.1016/S0309-1740(98)00068-0
https://doi.org/10.1071/AN15633
https://doi.org/10.5851/kosfa.2017.37.1.10
https://doi.org/10.15578/squalen.v10i3.169
https://doi.org/10.1080/19476337.2018.1460402
https://doi.org/10.1080/19476337.2018.1460402
https://doi.org/10.15625/2525-2518/55/5A/12197
https://doi.org/10.15625/2525-2518/55/5A/12197
https://doi.org/10.1111/jfpp.16295
https://doi.org/10.1111/jfpp.16295

