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Abstract

Four frozen dumplings were prepared using air-frying, microwaving, pan-frying, and steaming for consumer acceptability
and texture perception measure. Cluster analysis was performed and two groups resulted. Neutral consumers who generally
rated ‘like slightly’ and ‘neither like nor dislike’ were influenced by the combinations of dumpling and cooking methods.
Dumpling likers who rated higher than ‘like moderately’ were influenced by cooking methods. When divided into clusters,
each effect was significant. For dumplings, consumers preferred three products over one. Regarding cooking methods, neutral
consumers preferred pan-frying and air-frying. However, dumpling likers preferred pan-frying. Chewy, soft, crisp, and sticky
characteristics positively influenced on acceptability. In addition, dumpling shells and fillings were analyzed to measure
crispness and firmness, respectively, using a texture analyzer. Cooking methods influenced skin crispness but dumplings
influenced filling firmness. Although correlation was very low between consumer texture perception and analytical measure,

using both would be beneficial in further understanding.
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Introduction

Dumplings have been an important food source for Koreans
since the Goryeo Dynasty, and have been recorded as being
an exemplary food of the Joseon Dynasty (Kim et al., 1999;
Jeong, 2008). The Korean Food Standards Codex indicates
that dumplings are “made by molding a mixture of meat
and vegetables into dumpling skins, etc.” (MFDS, 2021).
Various dumpling stuffings are put in the dumpling skin, and
different types of dumplings are produced and sold (Bok,
2008).

In the late 1980s, with the participation of large corpora-
tions such as Haitai Confectionery & Goods Co., Ltd; Jeil
Freeze Co., Ltd; and Lotte, the demand for frozen dumplings
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expanded with the development of various products to meet
consumer needs through diversification, differentiation, and
a premium for frozen dumpling products (Bae, 2008; Lee,
1991). The names of dumplings vary depending on the food
put in them, but they are usually called boiled dumplings,
steamed dumplings, grilled dumplings, fried dumplings, etc.,
depending on the cooking method (Kim et al., 2013).

While dumplings are considered a staple food, they are
also loved as a snack food by people of all ages, regardless
of the season (Lee, 1991) and many consumers buy frozen
dumplings because of the simplicity of cooking (Kim et al.,
2009). Convenience food is preprocessed and processed
using a simple cooking process (Lim et al., 2005). Frozen
processed food in Korea began to be sold in the 1980s, start-
ing with frozen dumplings, and many frozen cooked foods
were launched. In recent years, convenience foods have
become a new trend in dietary habits (Nam et al., 2021).
For the first time in the domestic food industry, single-item
sales exceeded 1 trillion KRW (Roh, 2021) accounting for
33.6% of frozen foods.

In the past, there were not many different cooking meth-
ods other than steaming or frying for dumplings, but with
the diversification of cooking equipment, cooking methods
for dumplings have also diversified. Additionally, a number
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of products that use the convenience of microwave cooking
are available in the market (Seo, 2016). Although there are
various methods, such as steaming, baking, boiling, and fry-
ing in recipes, there have been few studies on verifying qual-
ity indicators according to the cooking methods of frozen
dumplings in the market. The main research focus has been
to identify the quality characteristics of dumplings with soy-
bean flour (Baeket al., 2021), rice flour (Mun et al., 2020),
or green tea powder (June, 2016) substitution in dumpling
shells, or aged kimchi in the filling (Lee et al., 2012). Most
studies have added special ingredients and cooked dump-
lings using various methods such as steaming, baking, boil-
ing, and deep-frying (Bishop, 1995). Few studies have been
conducted on verifying quality indicators according to the
cooking methods of frozen dumplings in the market (Kim
et al., 2009) or temperature changes during cooking (Kim
and Kim, 2013). More than a decade ago, consumer pref-
erence for dumpling cooking methods was reported to be
pan-fried dumplings > steamed dumplings > boiled dump-
lings > dumpling soup, and this preference for cooking meth-
ods was similar for all age groups (Bae, 2008).

Studies on consumer preferences for dumplings have yet
to be conducted. However, according to a sensory survey of
pond-snail dumpling products, taste was the most important
attribute determining the purchase of dumpling products,
followed by hygienic quality, nutritional value, and price. It
was found that the brand was not a very important purchas-
ing attribute of dumplings (Chang et al., 2006).

The purposes of this study were to determine consumers’
acceptability of commercially available frozen dumplings
when cooked using various cooking methods and to analyze
texture properties analytically.

Materials and methods
Sample preparation

Among the frozen dumplings sold at large marts and con-
venience stores, four types of dumplings with a high market
share that can be purchased anywhere were selected. These
were: CJ Bibigo Wanggyoja (sold at supermarkets) labeled
in the manuscript as WBC, CJ Bibigo Jjin dumplings (sold at
convenience stores) labeled as JBC, Haitai Gohyang dump-
lings (available at both supermarkets and convenience stores)
labeled as GH, and Haitai Gohyang Shaolong dumplings
(sold at convenience stores) labeled as SGH. The dumplings
were stored in a freezer maintained at — 18 °C until evalua-
tion. Cooking methods suggested by the manufacturer were
tested with some modifications (Supplementary Table 1).
For cooking, steaming, microwave, and air fry functions, a
lightwave oven (ML32AW1, LG Electronics, Seoul, Korea),
which has a power consumption of 2800 W, was used. An
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electric frying pan (EMP-503, Loving Home, Seoul, Korea)
(power consumption 1600 W) was used for pan-frying.

Test design

The evaluation was conducted in two sessions with similar
dumpling textures according to the cooking method. In the
first session, the dumpling samples were evaluated using
steaming and a microwave oven. In the second session, a
week later, the samples were cooked using the frying pan
and air fryer functions and evaluated. Eight different dump-
lings were provided monadically. One dumpling was placed
on each plate, and the sample was cooled down to the normal
consumption temperature of 60 °C on a small white 14 cm
paper plate (Cleanlab, Seoul, Korea) before serving. The
samples were marked using random three-digit numbers
(Kim et al., 2008).

Instrumental measurements

To check the crispiness of the surface of the dumplings and
the firmness of the insides, different probes were used and
measured using a texture analyzer (TA-XTplusC, Godalm-
ing, United Kingdom). Crispiness was measured by penetrat-
ing the surface with a blade set (Jo, 2014a). The count peak
and the linear distance were also measured using a blade
set. The area, which is the total amount of energy used for
cutting, and the mean, which is the average strength, were
measured. Pre-test speed was set at 2mm/sec, test speed at
4 mm/sec, and post-test speed at 10mm/sec. Target mode
was 95% strain with trigger force 5g as applied force. To
measure the firmness of the dumplings, 34g of the dumpling
filling was placed in a 50 ml beaker. The peak force, which
indicates the degree of hardening according to the amount
of oil, was measured using a Mini Ottawa cell, which is a
method measuring firmness while compressing and extrud-
ing samples of non-uniform foods and may indicate cooking
quality (Jo, 2014b; Wang et al, 2012). Additionally, the total
energy used for extrusion (area) and the mean and average
of the forces used during extrusion and gradient were also
measured. Test condition with Mini Ottawa cell was pre-test
speed 2 mm/sec, test speed 2 mm/sec, and post-test speed
10 mm/sec. Target mode was distance of 20 mm and trigger
force was 5g. Crispness or firmness values were determined
by averaging three replication measurements per sample.
Depending on the sample, up to nine measurements were
performed per replication.

Participants
The panel consisted of 86 consumers in Pusan selected using

an online survey. Recruiting criteria were people aged 19
to 65 without any disease or food allergies, who were not
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currently on restrictive diets (thus non-vegetarian, non-
pregnant), and those who had consumed dumplings at least
once within the previous month. This study was approved
by the Institutional Review Board (IRB/2022_55_HR).
Accordingly, all consumers voluntarily signed a consent
form before participating in the evaluation, and monetary
compensation was provided to all participants.

Questionnaire

When all the subjects in one group were seated, quick
response codes were provided following the test design
to access the acceptability survey questionnaire. Consum-
ers used their own mobile devices, and paper ballots were
available to those who did not wish to answer the online
questionnaires. Consumers inputted their identification num-
ber and sample number each time and evaluated dumpling
samples for overall acceptability, liking for appearance, and
liking for texture using a nine-point hedonic scale (1 = “dis-
like very much” and 9 = “like very much”) (Peryam et al.,
1952, 1957). The intensity of the color and the texture of the
dumpling skins were measured using a nine-point intensity
scale anchored as 1 being “none” and 9 being “very strong”.

A list of 51 words was provided to evaluate the texture of
the dumplings. Participants checked suitable texture terms
using check-all-that-apply (CATA). Participants were asked
to select all attributes they considered appropriate (Adams
et al., 2007; Jaeger et al., 2015; Meyners et al., 2013). At the
end of the questionnaire, subjective opinions on improving
the cooking method were gathered.

Data analysis

A two-way analysis of variance (two-way ANOVA) was
conducted to investigate the effects of cooking methods,
dumpling variety (product), and their interaction on accept-
ability, intensity perception, and instrumental data. When
significance was found, Fisher’s least significant difference
test was conducted as a post-hoc test at a significance level
of 0.05. Principal component analysis (PCA) was conducted
on the instrumental data analysis using SAS® software (ver-
sion 9.4; SAS Institute Inc., Cary, NC, USA).

To determine whether consumer segmentation occurred,
cluster analysis using Ward’s method was conducted based
on acceptability scores using PROC CLUSTER on SAS®
software. Additionally, agglomerative hierarchical cluster-
ing (AHC) with center option to avoid scaling effects was
run separately using XLStat® software package (version
2020.2.1., Addinsoft 167 SARL, New York, NY, USA).
Demographic information is presented in a frequency table
(Table 1).

Correspondence analysis (CA) was conducted using tex-
ture CATA frequency data to show the texture characteristics

of the dumpling samples. RV coefficient was calculated
between the CA biplot and the PCA. Additionally, CATA-
penalty (Ares and Jaeger, 2023) was run to learn what tex-
ture attributes contribute liking or disliking of the dump-
lings. The XLStat® software package was used for the
CATA data analysis.

Results and discussion
Consumers’ demographic information

A total of 86 consumers participated, of whom 69 were
women and 46 (53.5%) were aged 19 to 25 years, and the
frequency of eating dumplings 3 to 4 times a month was
53.5%. The consumer consumption behaviors are shown in
Table 1. Dumpling cooking equipment utilized was micro-
wave ovens (81.4%) and gas ovens (84.9%), followed by
air fryers (58.1%) and steamers (30.2%). Pan-frying was
the main cooking method used, followed by boiling, air-
frying, steaming, and microwaving at similar percentages
(37.2-30.2%). When purchasing dumplings, consumers con-
sidered the brand (70.0%) the most, followed by the ingredi-
ents (67.4%) and sale of dumplings (61.6%). Approximately
94% purchased dumplings from large retailers.

Dumpling acceptability

The interaction between the dumpling sample and cooking
method was significant (p=0.0069) (Table 2 and Fig. 1).
GH dumplings were liked more when pan-fried or air-fried
than when cooked using microwaving or steaming. JBC
dumplings were liked more when cooked using pan-fry-
ing than steaming. SGH dumplings had similar properties
such as oily, creamy, liquid and flexible, regardless of the
cooking method. For the other dumpling samples, cook-
ing methods did not significantly influence acceptability.
The overall acceptability was similar at 6.4 points scored,
except for GH dumplings, and pan-frying had the highest
preference at a 6.6-point score (Fig. 1). Although accept-
ability was not evaluated, research on internal tempera-
ture change during cooking (Kim and Kim, 2013) com-
pared boiling, steaming, pan-frying, and deep fat frying,
and reported that there was a significant interaction effect
between dumpling size and cooking time on the internal
temperature change of dumplings. Because cooking tem-
perature depends on cooking methods, it influences the
internal temperature of dumplings differently, resulting in
differently cooked dumplings. For steamed dumplings with
juice development, sensory testing with female consum-
ers in their 30 and 40s resulted in a taste and aroma liking
of 5.4 for the control sample purchased from a popular
Chinese restaurant and 6.2 for the testing sample using a
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Table 1 Consumer’ demographic information

Variables Total Cluster 1 Cluster 2
(n=86) (n=46) (n=40)
N % N % N %
Sex
Female 69 80.2 39 84.8 30 75.0
Male 17 19.8 7 15.2 10 25.0
Age
19-25 46 53.5 20 43.5 26 65.0
26-35 22 25.6 14 30.4 8 20.0
36-45 15 174 9 19.6 6 15.0
46-55 2 2.3 2 43 0 0.0
56-65 1 1.1 1 22 0 0.0
Number of consumption of dumpling per month
Twice 15 17.4 31 67.4 4 10.0
3—4 times 46 535 12 26.1 20 50.0
5-8 times 25 29.1 3 6.5 14 35.0
Over than 8 times 0 0.0 0 0.0 2 5.0
Dumplings cooking method you use (CATA)
MWO 70 81.4 33 71.7 38 95.0
Gas ovens 73 84.9 38 82.6 35 87.5
Air fryer 50 58.1 31 67.4 19 47.5
Steamer 26 30.2 16 34.8 10 25.0
Lightwave oven 7 8.1 4 8.7 3 7.5
Qooker 2 2.3 2 4.3 0 0.0
Toaster 2 23 1 22 1 2.5
How to cook dumplings that are mainly eaten (CATA)
MWO 26 30.2 9 19.6 17 42.5
Steam 28 32.6 16 34.8 12 30.0
Broiling 32 37.2 15 32.6 17 425
Frying pan 56 65.1 27 58.7 29 72.5
Air fryer 31 36.0 20 43.5 11 27.5
Fryer 6 7.0 4 8.7 2 5.0
Things to consider when buying dumpling (CATA)
Price 46 535 22 47.8 24 60.0
Dumpling pack- 9 10.5 2 4.3 7 17.5
age size
Shape of dump- 36 41.9 19 413 17 42.5
lings
Ingredients of 58 67.4 30 65.2 28 70.0
dumplings
Brand 60 70.0 34 73.9 26 65.0
Sale (bundle 53 61.6 25 54.3 28 70.0
sale, 2+ 1
Discount)
Quantity (Large 16 18.6 9 19.6 7 17.5
volume)
Serving size (1 13 15.1 5 10.9 8 20.0
Serving)
Sauce 2 23 1 22 1 2.5
Packaging (can 10 11.6 4 8.7 6 15.0
be sealed)
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Table 1 (continued)

Variables Total Cluster 1 Cluster 2
(n=86) (n=46) (n=40)
N % N % N %
Cooking exam- 8 9.3 4 8.7 4 10.0
ple (photo)
How to cook 28 32.6 13 28.3 15 37.5
Cooking time 5 5.8 3 6.5 2 5.0
Where to buy dumplings (CATA)
Convenience 33 38.4 11 23.9 22 55.0
store
Small supermar- 39 45.3 23 50.0 16 40.0
ket
Large retailer 81 94.2 44 95.7 37 92.5
Food mart 25 29.1 11 239 14 35.0
Warehouse type 20 23.3 11 23.9 9 22.5
whole-sale
discount store
Online 42 48.8 21 45.7 21 52.5
Early morning 17 19.8 9 19.6 8 20.0
delivery
Table2 P-values of 2-way Effect of dumplings Effect of cook-  Effect of interaction

analysis of variance of
dumpling acceptability

ing methods

evaluations Overall (n=86)

Appearance liking
Overall liking

Texture liking

Degree of cooking liking

Cluster 1 (n=46): neutral consumers

Appearance liking
Overall liking

Texture liking

Degree of cooking liking

Cluster 2 (n=40): dumpling likers

Appearance liking
Overall liking

Texture liking

Degree of cooking liking

0.0002* <0.0001 0.0745
<0.0001 <0.0001 0.0069
<0.0001 <0.0001 <0.0001
<0.0001 <0.0001 <0.0016

0.0882 0.0004 0.1317
<0.0001 <0.0001 0.0616

0.0015 <0.0001 <0.0001

0.0026 <0.0001 0.0004
<0.0001 0.0105 0.5073
<0.0001 0.0015 0.0643
<0.0001 <0.0001 0.1238
<0.0001 0.0016 0.6759

4p-value in bold indicates significant effect of treatment or interaction

9-point hedonic scale (Nam et al., 2018). When air-fried
dumplings with rice flour substitution were evaluated
(Mun, Baek, and Lee, 2020), they received between 3.3
and 4.3 on a 7-point scale, where 4 was neither liked nor
disliked. There were no significant differences among the
samples, which may indicate a small number of partici-
pants. The somewhat lower liking score may be due to the
temperature of the samples served. The dumplings were

cooled to ambient temperature for 1 min before serving.
However, their later study with soybean flour substitution
in dumpling shells (Baek, Mun, and Lee, 2021) resulted in
slightly higher acceptability scores between 4.6 and 4.9 on
a 7-point scale with the same dumpling fillings and serving
conditions. Specific participant groups may give different
acceptability scores. Culinary workers evaluated boiled
dumpling shells with different levels of Spirulina powder
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Acceptability
[6)]

WBC JBC GH SGH

Pan-frying Air-frying MWO Steam

Fig. 1 Interaction effect of dumplings sample and cooking methods
on acceptability MWO means microwaving. Dumpling samples are
abbreviated taking the first alphabets from product and manufactur-
ers’ names. WBC is Wanggyoja (Bibigo, CJ CheilChedang, Seoul,
Korea); JBC is Jjin (Bibigo, CJ CheilChedang, Seoul, Korea); GH is
Gohyang (Haitai Confectionary Co., Ltd, Seoul, Korea); and SH is
Shaolong (Haitai Confectionary Co., Ltd, Seoul, Korea)

Table 3 Effect of dumpling products and cooking methods by clus-
ters on dumpling acceptability

Cluster 1 (n=46) Cluster 2 (n=40)

Neutral consumers Dumpling likers

Dumplings effects

WBC 5.6 7.4

JBC 5.6 7.5%

GH 4.7° 6.3

SGH 5.7% 7.4*

LSD 0.3673 0.2979

p-value <0.0001 <0.0001
Cooking effects

Air frying 5.6° 7.1°

Pan frying 5.9¢ 7.5%

MWO 5.2° 7.0

Steam 5.1° 7.0

LSD 0.3673 0.2979

p-value <0.0001 0.0015

'a, b indicate significant differences between samples for each treat-
ment

added, and acceptability ranged between 3.9 and 7.9 on a
9-point hedonic scale (Nam and Yoo, 2022).

Cluster analysis of consumers

Cluster analysis was performed using consumers’ liking
scores, and there were two clusters with different accept-
ability (Table 3). There were no scaling effects, meaning
using the original acceptability score and the standardize
resulted the same clustering. When consumers were divided,
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dumpling samples and cooking method interactions were
not significant for overall liking (Table 2), and the effects
of cooking methods and dumpling types were significant.
Cluster 1 (n=46) had acceptance scores generally in ‘like
slightly’ and ‘neither like nor dislike’. In the overall lik-
ing evaluation, SH, JBC, and WBC were liked better than
GH dumplings. Pan-frying and air-frying were preferred
over microwaved or steamed dumplings. Cluster 2 (n=40)
was composed of dumpling likers. JBC, SGH, and WBC
dumplings were liked moderately, and GH dumplings were
slightly liked. Pan-frying was preferred over air-frying,
microwaving, and steaming.

Correspondence analysis of texture perception
using CATA

The dumpling samples and CATA terms were visually
shown through correspondence analysis (Fig. 2a). Dimen-
sions 1 and 2 account for 72.85% of the variance. Dimen-
sion 1 was positively associated with crunch, oily, crumble,
crisp, firm, dry, tough, and friable attributes, and negatively
related to creamy, spongy, juicy, liquid, soft, viscous, sticky,
and thick attributes. Dimension 2 could be explained posi-
tively by fluffy, flaky, rubbery, dry, tough, hard, and crumbly
attributes and negatively by slimy, oily, spongy, and creamy
attributes. In Dimension 1, pan-frying and air-frying had
similar characteristics, and steam and microwaving had
similar characteristics. SGH dumplings were positioned in
quadrant 3, which was positioned near the juicy and creamy
attributes. A small amount of oil was placed in n a pan-
frying, and the frying pan was heated by conduction, while
air-frying was heated by radiant heat and convection. There
was a difference between the steam method generated by
condensation and convection of steam and the microwave
method to vibrate molecules of moisture in food based on
the characteristics of texture perception. Dumplings cooked
by pan-frying, and air-frying have a crumbly, crisp, and
hard texture, while dumplings cooked by steam and micro-
wave have a soft and moist texture. SGH dumplings have
oily, creamy, liquid and flexible properties regardless of the
cooking method. The most frequently mentioned terms were
crisp and soft. These are representative terms mentioned as
a difference according to the two cooking methods, in other
words, crisp for pan-frying and air-frying and soft for steam-
ing and microwaving.

Texture characteristics influencing consumer
acceptability of dumplings

CATA-penalty analysis (Fig. 2c) was conducted to determine
texture characteristics influencing acceptability (Ares et al.,
2014; Ares and Jaeger, 2023). Chewy, soft_c, crisp, and
sticky characteristics positively influenced on acceptability
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Fig.2 Texture evaluation biplots a correspondence analysis using
CATA questionnaire on texture perception evaluation, b principal
component analysis (PCA) of crispness and firmness measures by tex-
ture analyzer values of dumplings cooked using four different cooking
methods, and ¢ CATA-penalty analysis demonstrating mean drops and
percentage of consumers chose particular terms. MWO means micro-
waving. Dumpling samples are abbreviated taking the first alphabets
from product and manufacturers’ names. WBC is Wanggyoja (Bibigo,

CJ CheilChedang, Seoul, Korea); JBC is Jjin (Bibigo, CJ CheilChedang,
Seoul, Korea); GH is Gohyang (Haitai Confectionary Co., Ltd, Seoul,
Korea); and SH is Shaolong (Haitai Confectionary Co., Ltd, Seoul,
Korea). Words following product abbreviation and underscore (_)
indicates cooking methods. Steam indicates steaming, MWO indicates
microwaving, AF indicates air-frying, and PAN indicates pan-frying
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Fig.2 (continued)

(p-value <0.0001). Percentage of selecting these terms were
higher than 20% and mean impact comparing when these
texture characteristics were present versus absent ranged
between 0.73 to 0.9 on the 9-point hedonic scale. These
attributes are “must have.” Attributes located in the nega-
tive coordinate of the Y axis are ‘must not have’ and could
be product penalties for consumers (Yang and Lee, 2020),
however, none of these demonstrated significant impact on
disliking. In addition, it is unclear whether these texture was
perceived from dumpling shells or fillings, or as a whole.

Instrumental texture analysis

The area, count peak, linear distance, and mean were
measured to determine the crispness of the surface of the
dumplings (Table 4). Area refers to the energy used to cut
dumplings. The interaction between the dumplings and
cooking methods was significant (p <.0001). The effects of
the dumpling sample and cooking method differed depend-
ing on the combination. Overall, pan-frying and air-frying
used more energy than microwave and steaming for cutting,
except for the SGH dumplings. The value of the count peak
was significant in the interaction between the dumplings
and cooking method (p <.0001). The effects of the dump-
ling sample and cooking method differed depending on the
combination. Pan-frying and air-frying had more peaks than
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microwave and steaming. Linear distance was significant
in the interaction between dumplings and cooking methods
(p<.0001). The linear distance between pan-frying and air-
frying was greater than between microwave and steaming.
The mean, which indicates average strength, was also sig-
nificant in the interaction according to dumpling and cook-
ing methods (p <.0001). The average strength of air-frying
was generally the highest. The SGH dumplings changed the
mean strength differently from the other samples.

The area, mean, gradient, and peak force were meas-
ured to determine the firmness of the filling inside the
dumplings (Table 4). The area refers to the total amount
of energy used for pressing. The interaction between
dumplings and the cooking method was not significant
(p=0.0669). The effects of the dumpling sample and cook-
ing method did not differ depending on the combination.
There was a significant difference between the dumplings
(p=0.003). The mean, which is the average force, was also
the same as that of the area. The gradient indicates the
degree of hardness of the oil, and the interaction between
the dumplings and cooking methods was significant
(p=0.0014). The effects on the dumpling sample of the
cooking method differed depending on the combination.
WBC exhibited the lowest firmness. Peak force refers to
the maximum force, and the interaction between the dump-
lings and cooking methods was significant (p=0.0341).



Testing cooking methods of frozen dumplings 885

Table 4 Crispness of dumpling shells and firmness of dumpling stuffing measured by texture analyzer TA.XTPlusC measured

Cooking method WBC JBC GH SGH

Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev

Crispness

Microwaving Area (g.sec) 1073.6 203.2 2909.8 714.3 709.8 228.3 1661.2 379.8
Count peak (g.sec) 1.8 1.0 23 1.5 2.6 14 23 1.4
Linear distance (g) 999.8 196.3 1982.5 620.2 925.2 242.6 1335.3 591.6
Mean (g) 151.1 23.5 509.7 132.0 123.0 344 262.2 111.8

Steaming Area (g.sec) 1331.1 350.0 2921.9 830.8 1217.7 511.7 3590.1 591.8
Count peak (g.sec) 4.7 4.0 15.6 19.9 2.6 1.6 33 1.1
Linear distance (g) 1300.4 420.5 2695.6 507.8 1412.7 255.7 1933.8 259.7
Mean (g) 155.3 69.9 256.7 232.2 181.7 91.9 609.1 124.7

Air-frying Area (g.sec) 4530.5 1306.4 4610.7 1277.9 2300.5 483.4 3795.4 1040.8
Count peak (g.sec) 254 13.6 5.6 4.9 21.3 10.8 9.6 8.6
Linear distance (g) 5183.8 2252.7 4449.8 1908.6 3492.6 1181.0 3398.6 1319.8
Mean (g) 558.3 204.6 682.5 318.5 279.8 159.7 529.9 296.7

Pan-frying Area (g.sec) 3583.1 587.1 3649.3 674.0 2762.3 731.8 3091.1 684.0
Count peak (g.sec) 8.4 34 7.8 32 20.8 7.2 10.9 7.1
Linear distance (g) 2989.6 915.6 3169.9 1057.1 4218.2 2082.3 2798.8 624.1
Mean (g) 437.4 135.9 619.9 197.6 304.4 200.8 3353 213.8
Firmness

Microwaving Area (g.sec) 2864.9 700.1 4052.7 863.3 4288.0 1016.4 3051.1 799.1
Mean (g) 594.9 112.2 837.6 144.6 856.1 202.6 648.1 170.2
Gradient (g.sec) 237.9 27.5 3229 48.2 310.1 84.7 282.1 38.8
Peak force (g) 1135.4 129.5 1560.3 255.0 1559.0 424.9 1335.2 168.5

Steaming Area (g.sec) 2124.2 992.9 3602.2 580.5 4090.6 674.1 3641.7 1027.8
Mean (g) 431.5 197.7 753.1 59.7 937.2 135.1 788.9 2154
Gradient (g.sec) 183.2 49.7 316.3 31.7 310.1 329 360.5 61.9
Peak force (g) 904.9 245.2 1505.5 169.6 1557.9 163.7 1660.5 234.6

Air-frying Area (g.sec) 3646.0 573.9 3745.1 760.9 4091.5 1188.3 4386.4 732.9
Mean (g) 739.3 94.2 749.3 150.8 818.2 237.5 919.6 113.6
Gradient (g.sec) 265.4 349 287.8 47.0 324.6 21.6 430.2 50.6
Peak force (g) 1312.4 203.3 1444.2 236.9 1628.8 107.5 2043.1 224.7

Pan-frying Area (g.sec) 3990.1 1955.3 4186.0 407.6 3669.5 819.4 42247 835.6
Mean (g) 694.5 190.5 854.1 92.7 930.2 480.2 905.9 149.8
Gradient (g.sec) 260.4 77.2 3233 26.1 431.4 181.4 361.6 48.3
Peak force (g) 1482.1 743.3 1591.8 131.7 2585.7 1668.1 1682.7 217.0

Crispness value was measured with Blade Set probe

Firmness value was measured with Mini Ottawa cell probe

The four values of each of the crispness and firmness val-
ues were highly correlated with each other, but there was
no correlation between the crispness and firmness values.
Crispness was mainly determined by the dumpling shell,
which would have been influenced by the four different
cooking methods. Because firmness was measured on
dumpling fillings without the shell, dumplings influenced
it independent of the cooking methods (Fig. 2b). Other
dumpling shell studies have evaluated boiled dumpling
shell using texture profile analysis (TPA) measuring char-
acteristics such as hardness, springiness, cohesiveness,

chewiness, stickiness (Nam and Yoo, 2022; Baek, Mun,
and Lee, 2021; Mun, Baek, and Lee, 2020) and brittleness.
Similarly, for gnocchi, only boiling method was used for
TPA (Merlino et al, 2022). Therefore, a direct comparison
with the current research would be difficult.

Principal component analysis (PCA) of dumpling
samples and texture analyzer values

Each of the four values measuring crispness and firmness
had many values that were correlated with each other. Highly
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correlated values for crispness were the mean and area, area
and linear distance, linear distance, and count peak. Highly
correlated values for firmness were the mean and area, mean
and peak force, peak force and gradient, and gradient and
mean. There was little correlation between crispness and
firmness, as they measured different parts of the dumplings.
Texture analyzer values were distributed on the positive side
of PC1 (Fig. 2b). Pan-frying and air-frying were located on
the positive side of PC1. Steaming and MWO were located
on the negative side of PC1. WBC air-frying and JBC dump-
ling air-frying correlated with crispness.

Similarity between sensory evaluation results
and PCA

The RV coefficient showing the similarity between the CA
of the consumer texture perception and the PCA of analyti-
cal texture data was very low of 0.055 (Fig. 2a & b). The
similarity is low, which could be because analytical texture
measurement was separated between the dumpling shell and
fillings, whereas consumers chew dumplings as a whole.
Although correlation shown as RV coefficient was very low
between consumer texture perception and analytical meas-
ure, using both would be beneficial in further understanding.

A study on consumer acceptability of frozen dumplings
was conducted by varying the four dumpling products and
four cooking methods: pan-frying, air-frying, steaming, and
microwaving. An interaction between dumpling type and
cooking methods was found in overall liking, texture lik-
ing, and degree of cooking liking. Consumers can be clus-
tered into neutral consumers or dumpling likers. However,
their preferences for dumpling products were very similar
between consumer clusters. When divided, the effects of
both cooking methods and dumpling products were signifi-
cant. Neutral consumers liked both pan-frying and air-frying
better than steaming and microwaving, whereas dumpling
likers preferred pan-frying over all other cooking methods.
Texture characteristics were clearly differentiated between
dumpling products and cooking methods. The limitation of
this study is that it did not evaluate texture perception for
dumpling shells and fillings separately, making it difficult to
know where the texture derived from. Other characteristics
of samples, such as dumpling shell thickness and dumpling
shell-to-filling weight ratio could be helpful in understand-
ing consumers’ data. In contrast to previous research on
dumpling dough texture, dumpling shells and fillings were
analyzed using a texture analyzer after cooking, and the
crispness and firmness of each of the four values measuring
crispness and firmness were correlated with each other. In
future, consumer texture perception measure could consider
separating dumpling shells and fillings and further study the
relationship between consumer preferences for sensory char-
acteristics other than cooking methods.
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