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Introduction

Chicken meat is one of the most popular edible meats worldwide. It is
recently consumed more in the form of part meat such as thigh, breast,
drumstick, and wings rather than whole chicken (Ha et al., 2019). Among the
partial meats of chicken, chicken breast meat (CBM) has been the least popular
part because it has a low sensory acceptance of fleshiness and juiciness
(Kyarisiima et al., 2011; Shi et al., 2020). However, CBM is a nutritionally
excellent foodstuff with high-protein and low-fat contents than other partial
chicken meat (Koh & Yu, 2015). As consumers became interested in health in
recent years, CBM has been considered to be a well-being foodstuff (Kim, 2019).
Now, CBM has been processed in various food types such as jerky, steak, and
sausage (Brambila et al., 2017; Choi et al., 2016; Jo et al., 2018; Nam et al.,
2017). However, commercial noodles added with CBM, and studies on them are

few (Kim & Kim, 2009).

Wheat flour is the representative ingredient used in various noodles
(Landillon et al., 2008). Gluten protein is abundant in wheat flour, which
consists of 80-85% of the wheat flour protein (Wieser, 2007). Gluten plays a
key role in forming the unique texture properties of processed wheat flour
noodles, by conferring water absorption capacity, viscosity, cohesivity, and
elasticity on the dough (Veraverbeke & Delcour, 2002; Wieser, 2007). As
people have certain health conditions or get older, intake of gluten can cause
health problems, such as wheat allergy, autoimmune, and immune-mediated

diseases (Aronsson et al., 2015; Sapone et al., 2012). For this reason, a lot of



researchers have conducted studies on wheat flour substitutes for the
development of gluten-free products (Gao et al., 2018; Violalita et al., 2020; Xu
etal., 2020). In previous studies, animal proteins (egg white and chicken powder)
and vegetable proteins were investigated for the production of gluten-free
noodles (Guo et al.,, 2020; Oyeniran et al., 2021; Violalita et al., 2020).
Nevertheless, CBM has been not yet considered as a main ingredient for gluten-

free noodles.

In this study, we investigated the application potential of CBM as a main
ingredient for gluten-free noodles. The physicochemical and sensory
characteristics of CBM noodles (CN) were compared to wheat flour noodle
(WN). The physicochemical properties of noodles were evaluated by observing
their texture profiles, water absorption capacity, volume expansion ratio, color

values, and proximate composition.



Materials and Methods

1. Materials

Frozen CBM (Hanssem General Food, Gwangju, Korea), wheat flour (CJ
Cheiljedang Corp., Seoul, Korea), tapioca starch (Daemyung FM, Pocheon,
Korea), potato starch (Chungeun F&B, Goyang, Korea), sweet potato starch
(Donga food, Ulsan, Korea) were used for preparing noodles. Eggs were
purchased at the local market (Busan, Korea) and the yolk was separated and

used. All reagents and chemicals used in the experiments were analytical grades.

2. Preparation of noodles

Frozen CBM was thawed in the refrigerator for a day and washed twice in
running water. The washed CBM was ground using a silent cutter for 15 min.
As shown in Table 1, three CBM noodles (CN) were prepared by the addition
of different starches (tapioca starch, T; potato starch, P; and sweet potato starch,
S). Due to the high moisture content of CBM, water was not added to CNs. The
wheat flour noodle without CBM was prepared as a control. The mixed raw
materials of each sample were kneaded for 5 min using a kneader, made into
one lump, and refrigerated overnight. After that, the final dough was made to a
thickness of 1.4 mm over six stages using a pasta machine. The thinly spread
dough was cut to 7.0 mm in width and stored frozen at -20°C. The frozen

noodles were boiled in 20 times water per g for 9 min and then cooled in running



Table 1. Formula for preparation of chicken breast meat noodles (CN) and

wheat flour noodle (WN)

. Amount (g)
Ingredients
WN CN-T CN-P CN-S
Wheat Flour 300
Starch 150 150 150
CBM 150 150 150
Water 115
Yolk 20 20 20 20
Total 441 326 326 326

CBM, chicken breast meat; T, tapioca starch; P, potato starch; S, sweet potato starch.



water for 1 min, left for 5 min, and used in the experiment (Figure 1). The
mixing ratio of noodles was determined by the maximum content of CBM that

could form noodles through a preliminary experiment.

3. Proximate compositions

The proximate compositions of cooked CN-T and WN were measured using
standard analysis methods (AOAC, 2003). The moisture content was
determined by the oven-drying method. The crude lipid content was measured
via Soxhlet extraction, the crude protein content was measured using the micro-
Kjeldahl method, and the ash content was measured by the dry-ashing method.
The total carbohydrate content was calculated by the following equation: Total
carbohydrate content (%) = 100 — (moisture content + lipid content + ash content
+ protein content). All analyses were performed in triplicate and expressed as

mean = SD.

4. Colors

The international commission on illumination (CIE) L*a"b” colors of uncooked
and cooked noodles were measured using a colorimeter (TES-135A, TES Co.,
Taiwan). The colors of the uncooked noodles were measured in the state of
thinly spread dough, and the colors of the cooked noodles were measured by
arranging three strands of cooked noodles side by side in parallel. The colors

were evaluated as L™ (lightness), a” (red-green), and b” (yellow-blue) values.



CN-T

CN-P CN-S

Figure 1. Appearance of cooked chicken breast meat noodles (CN) and
wheat flour noodle (WN). T, tapioca starch; P, potato starch; S, sweet potato

starch.



The L", a", and b* values of the calibration plate were 94.62, -0.780, and 1.362,
respectively. The colors of noodles were measured 10 times repeatedly and

expressed as mean + SD.

5. Water absorption capacity and volume expansion ratio

Water absorption capacity (WAC) of noodles was determined by the weight
of the noodles (Oh et al., 1985). The uncooked and cooked noodles were
weighed, and WAC was calculated by the following equation: Water absorption
capacity (%) = (weight of cooked noodles — weight of uncooked noodles) +
(weight of uncooked noodles) x 100.

The volumes of the noodles were measured by filling a 500 mL mass cylinder
with 300 mL of distilled water, and then adding the noodles before and after
boiling. Volume expansion ratio (VER) was calculated by the following
equation: Volume expansion ratio (%) = (volume of cooked noodles) + (volume

of uncooked noodles) x 100.

6. Texture properties

The texture properties were determined using a texture analyzer (Model CR-
100D, Sun Scientific Co., Ltd., Tokyo, Japan), and hardness, springiness,
cohesiveness, and adhesiveness were analyzed. The cooked noodles were
compressed to 1.2 mm with a 2 kg load cell at mode 20 and a speed of 60
mm/min. The hardness of noodles was subjected to a one-cycle compression

with probe No. 1 (@ 5 mm). The springiness, cohesiveness, and adhesiveness of



noodles were subjected to a two-cycle compression with probe No. 25 (@ 10

mm). Four samples were prepared individually and tested for each sample.

7. Low-vacuum scanning electron microscope

To investigate the effect of the addition of CBM to noodles and starch
substitution through microstructure, low-vacuum scanning electron microscope
(LV-SEM) of noodles was observed. The cooked noodles were cut into a length
of 50 mm, frozen overnight at a deep temperature of -80°C without sticking to
each other, and freeze-dried for 48 hours using a freeze dryer (Hypercool
HC4110, Gyrozen Co. Ltd., Daejeon, Korea). The freeze-dried sample was
coated with a gold layer using an ion sputter coater (Hitachi, E-1010, Tokyo,
Japan), and observed by LV-SEM (JSM-6490LV, JEOL Ltd., Tokyo, Japan)
operating at 15 kV.

8. Sensory properties

The sensory evaluation was conducted by 15 members panels of trained
professionals (Gender: 5 males and 10 females, Age: 21-32 years), belonging to
the Department of Food Science and Technology at Pukyong National
University. To manufacture the samples for sensory evaluation, a seasoning
solution was prepared by dissolving commercially available Kkokko noodles
powder in cold water at 1:4 (w/w), and cooked noodles and seasoning solution

were mixed at 4:1 (w/w). The samples were used at a temperature of 20°C or



less and evaluated in terms of intensity of hardness and chewiness, and
preference of appearance, taste, and overall acceptance. The sensory evaluation
was performed on a 9-point hedonic scale (1 point: very bad or weak, 5 points:

not bad or weak, 9 points: very good or strong).

9. Statistical analysis

All results were analyzed using GraphPad Prism 8.0 (Graphpad Software,
Inc., San Diego, CA, USA). The significant difference test between mean values
was analyzed by one-way analysis of variance (ANOVA), and the post-analysis
was conducted through Tukey's multiple comparisons test. For multiple
comparisons in proximate composition, the data were statistically assessed

using multiple unpaired t-tests and Holm-Sidak method.



Results and Discussion

1. Sensory properties

Sensory characteristics of three CNs and WN were evaluated in five
evaluation items (overall acceptance, appearance, taste, hardness, and
chewiness) (Figure 2A) and relationships between overall acceptance and each
item were analyzed (Figure 2B). Appearance, taste, and overall acceptance were
evaluated as a preference, and hardness and chewiness were evaluated as

intensity.

As expected, the control sample WN showed the highest overall acceptance
score. In appearance and taste preference assessment, WN was superior to CNs,
and these preference results were highly correlated with the overall acceptance.
The sensory texture of the noodles could be evaluated through the measurement
of hardness and chewiness (Nouri et al., 2015). All sensory properties were
highly correlated with the overall acceptance (R%>0.9). Chewiness intensities of
CNs were lower than that of WN. Whereas hardness showed the opposite results.
Asian consumers generally prefer smooth and elastic noodles, therefore hard
noodles, such as al dente, may be evaluated negatively by Asian people (Fu &
Malcolmson, 2010). In addition, this was because the panels received brittleness
while testing CNs compared to WN and felt that the feeling was due to the CN’s
high hardness (Petitot et al., 2010). It seems that the residues by brittleness
decreased the preference for noodles. Among CNs, the sensory properties of

CN-T were close to those of WN in all the items.

10
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Figure 2. Sensory evaluation of cooked chicken breast meat noodles (CN) and wheat flour noodle (WN) (A)
and the relations between overall acceptance and other sensory properties (B). Overall acceptance, appearance,
and taste were assessed as preference, and hardness and chewiness were assessed as intensity. T, tapioca starch; P,

potato starch; S, sweet potato starch.
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2. Colors

Color and lightness representing visual appearances are key purchasing
determinants of noodle products (Hatcher et al., 2009). Table 2 shows the CIE
color values of the CNs and WN before and after cooking. Among the uncooked
noodles, the CNs were observed to have lower L" values (lightness) and higher
a" values (redness) than WN. These results originated from the myoglobin in
the uncooked CBM (Mancini & Hunt, 2005; Liu et al., 2016). In the cooked
noodles, the a” values of the CNs were still higher than WN. The L" value of
WN was greatly reduced compared to uncooked WN, while the declines of L”
values of CNs were less. Lee et al. (2014) reported a great decrease in brightness
for both WN and starch noodles after cooking compared to before cooking. In
contrast, the reason for the small decrease in the lightness of CNs may be that
the lightness of CBM was increased by heat and denaturation (Bak et al., 2019).
The b” values of uncooked CNs were lower than uncooked WN, but the b* value
of CN-T was the highest in cooked noodles. These changes in the b* values were
affected by starch type (Mertz & Wang, 2011). As in this study, Rachman et al.
(2019) observed that there was little change in b* values before and after cooking
noodles with tapioca starch. Although there were significant differences in color
parameters in uncooked noodles, the color values of CNs in cooked noodles
were not much different compared to WN likewise the appearance of noodles
(Figure 1).

12



Table 2. International commission on illumination (CIE) color values of chicken breast meat noodles (CN) and

wheat flour noodle (WN) before and after cooking

Group L" a b

Uncooked Cooked Uncooked Cooked Uncooked Cooked
WN 91.19 + 0.49* 76.98 + 0.35° 0.645 £ 0.54° -3.184 + 0.75¢ 23.47 £ 0.26% 15.57+ 0.35°
CN-T 83.84 + 0.40° 74.04 £ 0.11° 2.825 + 0.35% -2.626 £ 0.35%9  19.75+ 0.13° 19.19+ 0.20°
CN-P 79.39 + 0.29¢ 73.59 + 0.33¢ 2.041 + 0.69° -2.369 £ 0.36°  21.16 + 0.20P 13.79 £ 0.29¢
CN-S 79.27 + 0.32¢ 72.97 £ 0.20¢ 1.054 £ 0.90¢ -1.859 + 0.20° 19.50 + 0.22¢ 14.66 + 0.04¢

T, tapioca starch; P, potato starch; S, sweet potato starch. Data are shown as mean + standard deviation (n=10). Different letters
indicate significant differences (p<0.05) in Tukey’s multiple comparisons test.

13



3. Texture properties

In order to investigate the difference between CNs and WN and the relation
of sensory properties in more detail, the texture properties of noodles were
analyzed. The texture of noodles, which is closely related to the consumer’s
acceptability, is influenced by ingredients, shapes, and processing methods
(Barak et al., 2014; Nishinari et al., 2008; Park et al., 2017). It has been known
that noodles with proper hardness and smooth surface conditions are preferred

(Silva et al., 2013).

Hardness is the force required to compress the noodle between molar teeth
and has a proportional effect on brittleness and chewiness (Petitot et al., 2010;
Pons & Fiszman, 1996). The hardness values of CNs were higher than that of
WN as in hardness of sensory property and were especially significant in texture
property (p<0.001) (Figure 3A). Khare et al. (2015) reported that the hardness
of wheat flour noodles with whole meat of chicken increased as the content of
chicken meat increased, due to the mechanical resistance of the myofibrillar
structure and the amount of connective tissues. Among CNs, CN-P showed the
highest hardness value. This would be because potato starch gel was harder than
the gel of other starches or wheat flour, so the mixture of potato starch affected
the hardness of CN-P (Jung et al., 1991). The relation between the hardness of
texture property and overall acceptance was insignificant (Figure 3B). Although
this was different from the results of the relation between the hardness of
sensory property and overall acceptance, it was similar to showing an inversely

proportional trend.

14
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Figure 3. Texture profile analysis of cooked chicken breast meat noodles (CN) and wheat flour noodle (WN)
(A) and the relations between overall acceptance and individual texture parameters (B). ***»<0.001, significant
difference as compared to the WN (Tukey’s test). %p<0.05, #p<0.05, #p<0.001, significant difference among CNss.

T, tapioca starch; P, potato starch; S, sweet potato starch.
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Gluten-free foods generally had less viscoelastic properties because of the
lack of gluten protein (Lee et al., 2014). However, in this study, CNs were
insignificantly different compared to WN (Figure 3A). This may be due to the
interaction of starch with myofibrillar protein in CBM instead of the gluten
structure contributed to the formation of springiness in CNs by increasing the

gel strength (Jamilah et al., 2009).

The low cohesiveness value of the noodle means that it breaks well during
cooking or ingestion and is closely related to lower consumer acceptability and
processability (Tan et al., 2009). Therefore, cohesiveness can be considered an
indicator that is the difficulty of breaking down the noodle (Shan et al., 2013).
Cohesiveness values of CN-T and CN-P had no significant difference from WN,
while CN-S was significantly different (»<0.001). Sweet potato starch had more
branches per amylose molecule than potato and tapioca starch, requiring higher
amounts of water for starch gelatinization (Li et al., 2022; Tan et al., 2009). It
suggested that the same time of cooking noodles was insufficient to form the
starch-protein network of CN-S, resulting in significantly lower cohesiveness
values of CN-S. Therefore, adding water to the dough of CN-S or increasing the
cooking time should be necessary. The relation between cohesiveness and
overall acceptance was proportional (Figure 3B). The low cohesiveness of CN-
S synergized with the high hardness of CN, leading to high brittleness (Petitot
et al., 2010). The hardness of CN-S in sensory property was high due to high
brittleness. These directly induced the worst overall acceptance in CN-S. As in
the study of Tan et al. (2009), this could be suggested that cohesiveness is an

important factor in determining sensory properties.

16



Adhesiveness is a surface property and a measure of food stickiness while
eating (Brenner & Nishinari, 2014; Huang et al., 2007). Adhesiveness was in
inverse relation to a smoothness which was the required characteristic of
noodles after cooking (An et al.,, 2021). The adhesiveness of CN-T was
insignificantly different from that of WN (Figure 3A), while CN-P and CN-S
were significant (p<0.001). Compared to other starches, the amylose content of
tapioca starch was low, resulting in reduced adhesiveness of noodles (An et al.,
2021; Obadi & Xu. 2021). As reported by An et al. (2021), adhesiveness was
the most related property to overall acceptance among mechanical texture items

of noodles, and it was in an inverse proportion (Figure 3B).

4. Cooking properties

The changes in the weight and volume of noodles during cooking indicate the
water uptake (Jamilah et al., 2009). The texture properties of noodles have been
affected by the interaction of starch and protein caused by hydration (Nouviaire
et al., 2008). Factors such as hydrophilicity and the gel-forming ability of starch
and protein sources influence the WAC and VER of noodles (Rafiq et al., 2021).
The WAC of CN-T and CN-S did not show significant differences compared to
that of WN (p>0.05) (Figure 4A). The high water-holding capacity of myofibril
protein in CBM made the WAC of CNs similar to that of WN (Huff-Lonergan
& Lonergan, 2005; Pongpichaiudom & Songsermpong, 2018). In particular,
CN-P showed a significant difference among CNs (p<0.05). This might be

because potato starch had a large granule size than other starches, so

17
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Figure 4. Water absorption capacity (WAC) (A) and volume expansion
ratio (VER) (B) of cooked chicken breast meat noodles (CN) and wheat
flour noodle (WN). *p<0.05, significant difference as compared to the WN
(Tukey’s test). T, tapioca starch; P, potato starch; S, sweet potato starch.
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gelatinization of CN-P among CNs occurred quickly (Obadi & Xu, 2021;

Puncha-arnon et al., 2008).

The VERs of all samples were insignificantly different from each other (Figure
4B). According to Fan et al. (2017), in the fish protein/starch gel network,
amylose from the starch granules permeated into the myofibrillar protein matrix
as it gelatinized. Compared to other noodles, in spite of the WAC of CN-P being
significantly high, the VER of CN-P was similar. It could be explained by the
permeation of a relatively large amount of amylose in potato starch into
myofibrillar protein than in other starches during the gelatinization process (Fan
et al., 2017; Obadi & Xu, 2021). This was a reasonable basis for explaining the
highest hardness value in CN-P.

5. Microstructure

The cross-sectional areas of the cooked noodles were observed in the outer
and inner layers at three magnifications (x30, X600, and x1,500) by LV-SEM
(Figure 5). The inner layers of microstructure in CNs were ungelatinized regions.
The occurrence of ungelatinized regions implied that CNs required more
cooking time (Liu et al., 2016; Sung, 2005). In this sense, if the CNs are
sufficiently heated to remove ungelatinized regions, the WAC and VER of CNs
will further increase. In the CNs, CN-T had the largest pore size and was
structurally well bonded, leading to a decrease in adhesiveness (An et al., 2021).
The tapioca starch had the lowest content of amylose compared to other starch

(Obadi & Xu, 2021). The low content of amylose increased the smoothness of
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noodles, resulting in low adhesiveness (An et al., 2021). The CN-P and CN-S,
which had a relatively high amylose content than CN-T, interrupted interactions
of myofibrillar protein and starch, resulting in poor fiber structure and increased

adhesiveness (Fan et al., 2017; Chen et al., 2021).

6. Proximate compositions

To observe the change in the nutritional composition of noodles when adding
the CBM, the proximate compositions of WN and CN-T were measured on a
wet basis (Table 3). The CN-T was the best in overall acceptance among the
CNs. The addition of CBM increased the protein content, resulting in a decrease
in carbohydrates. The protein ratio of WN excluding moisture was similar to
other papers (Ahmed et al., 2015; Liu et al., 2016). In CN-T, the protein content
was about 2% higher than that of WN. To our best knowledge, in other papers,
when meat is added to noodles, the maximum ratio of meat to semolina flour
was 45:55 (Liu et al., 2016). However, in this study, CBM content was studied
at a high level to determine the properties of gluten-free noodles added with
CBM. Thus, it seems difficult to manufacture meat gluten-free noodles with a
protein content of more than 6% unless a binder is added or the process is

improved.
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Table 3. Proximate compositions of cooked chicken breast meat noodle with tapioca starch (CN-T) and wheat
flour noodle (WN)

Proximate composition (g/100 g)

WN CN-T
Moisture 72.18 £ 0.10 72.51+0.11™
Carbohydrate 22.63 £ 0.23 20.45+0.12™
Crude protein 4,07 + 0.06 5.88 + 0.07"
Crude lipid 1.06+0.10 1.07 £ 0.11™
Ash 0.06 £ 0.00 0.09 £ 0.01™

Data are shown as mean +* standard deviation (n=3). ™ p<0.05, ™" p<0.001, significant difference as compared to WN (Holm-
Sidak method). ns=no significance.
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Conclusion

Although many studies have been conducted to develop gluten-free noodles,
there were no reports of noodles with the addition of CBM without gluten. The
aims of this study were the development and investigation of physicochemical
and sensory characteristics of gluten-free noodles with the addition of CBM.
For manufacturing gluten-free noodles, various starches and CBM were used in
noodles instead of wheat flour. Among CNs, CN-T showed the most similar
physicochemical and sensory characteristics to WN. There was no evaluation of
various mixing ratios or processing methods to confirm the characteristics of
the noodles. However, due to CN-T having similar physicochemical and sensory
properties to WN, it was sufficient to confirm and contribute to expanding the
possibility of gluten-free noodles. On the other hand, the structural bonding of
CNs did not occur strongly before heating since the lack of gluten in noodles.
This made it difficult to make noodles by spreading the dough thinly because
the dough was crushed. Therefore, studies are needed to examine other additives
or improve the processes to form structural bonds in the dough. Also, it is
necessary to find the optimal mixing ratio and process conditions using statistics

programs such as response surface methodology.
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