J Food Sci Technol (April 2019) 56(4):1854-1863
https://doi.org/10.1007/s13197-019-03639-3

o)

Check for
updates

ORIGINAL ARTICLE

o
AT
food rafessianals

Enfwering Jood frofeas

Development of yuja (Citrus junos) beverage based on antioxidant
properties and sensory attributes using response surface

methodology

Jeong Ah Park' - Ji Eun Oh? - Mi Sook Cho'

Revised: 20 January 2019/ Accepted: 3 February 2019/Published online: 8 March 2019

© Association of Food Scientists & Technologists (India) 2019

Abstract This study aimed to develop a new type of
Citrus junos beverage (known as yuja in Korean and yuzu
in Japanese) based on a traditional drink preparation
method (Galsu). Processing conditions (yuja extract, sugar,
and soybean milk) were optimized using response surface
methodology (RSM) to develop the beverage. The poly-
nomial models developed by RSM were based on physic-
ochemical characteristics and sensory attributes. Sugar,
vitamin C, and total phenolic compound contents, DPPH
free radical scavenging activity, sweet odor, yuja flavor,
sweet taste, and pungent sensation were used as indices of
positive product quality. Beany flavor, astringent taste,
beany aftertaste, and astringent aftertaste, were used as
indices of negative product quality. Sour odor and sour
taste, which are the major characteristics of the traditional
yuja beverage, were set in a range to optimize the
numerical model. The predicted optimum formulation of
yuja beverage (Galsu) as a final product was determined to
be 28.4% yuja extract, 36.6% sugar, and 35.0% soybean
milk.
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Introduction

Yuja (Citrus junos Sieb. ex Tanaka) originated in China
and spread to Korea and Japan in the eighth century. Yuja
is widely consumed in Northeast Asia (Korea, China, and
Japan) and its juice is used as an aromatic ingredient in
various processed foods, including drinks, teas, and
dressings. Owing to its special flavor and effectiveness
against colds, yuja is commonly processed into herbal
medicines and beverages (Lee and Lee 2012).

Yuja contains higher amounts of vitamin C and pheno-
lics than other citrus fruits (Yoo et al. 2004). In addition to
its aromatic properties, yuja offers health benefits owing to
its antioxidant (Hirota et al. 2010), anti-inflammatory
(Hirota et al. 2010), and anticarcinogenic properties (Kim
et al. 2014; Sawamura et al. 2005). Furthermore, various
studies have been conducted to improve the antioxidant
activity of yuja, employing controlled extraction conditions
(Ndayishimiye and Chun 2017) and underwater shockwave
pretreatment (Kuraya et al. 2017). As yuja use has been
limited to date, new recipes should be developed to exploit
its functionality.

Galsu is a traditional Korean beverage made from
medicinal plants and fruits, along with sugar or honey, the
proportions of which need to be optimized and standard-
ized. Galsu was described in the book Imwonshibyukji,
written in 1827 during the Joseon Dynasty. There are
various kinds of Galsu, including Omi-Galsu, yuja-Galsu,
Eobang-Galsu, Imgeum-Galsu, grape Galsu, and quince
Galsu, although these beverages are not in modern pro-
duction (Han 2009). Galsu has pharmaceutical effects, such
as in thirst elimination, physical activity enhancement, and
the treatment of several diseases, depending on the recipe
(Shin and Choi 1998).
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As food is essential for nation growth, many countries
have made efforts to discover, modernize, standardize, and
commercialize traditional foods (Vanhonacker et al. 2013).
To successfully commercialize traditional foods, system-
atic food manufacturing technologies and analysis methods
must be established, such as scientific identification. Fur-
thermore, appropriate statistical analysis models, such as
response surface methodology (RSM), must be applied
during product development. RSM can be used to sys-
tematically determine the effects of multiple variables on
response variables while minimizing the number of eval-
uations conducted (Henika 1982). When RSM is used as a
designed regression analysis, it can predict the value of a
dependent variable or response based on independent
variables or controlled values of experimental factors
(Meilgaard et al. 2007). RSM has been used to study tra-
ditional foods, such as baked cassava cake (Gan et al.
2007), yogurt (Kristo et al. 2003), puri (a traditional Indian
food) (Vatsala et al. 2001), and northern-style Chinese
steamed bread (Huang et al. 1993), enabling the identifi-
cation of ingredient combinations that optimize the pro-
cessing conditions, sensory acceptance, textural properties,
and physical effects. RSM has also been used to explore
ingredient interactions in various traditional Korean foods,
including makgeolli (traditional Korean rice wine) (Kim
and Park 2013), rice gruel (Ku et al. 2013), and
chogochujang (traditional Korean condiment made from
red chili) (Seog and Lee 2008).

Therefore, this study aimed to standardize and com-
mercialize a traditional yuja beverage based on optimum
ingredient ratios identified by RSM.

Materials and methods
Materials

Yuja (Citrus junos Sieb. ex Tanaka) extract was purchased
from Eden Co. (Goheung-gun, Jeollanam-do, South Korea)
and stored at 2 °C. Soybeans (Glycine max (L.) Merrill)
were obtained from Boeun Farm (Boeun-gun,
Chungcheongnam-do, South Korea) and stored at — 18 °C
for quality maintenance. Sugar produced by Q-one Co.
(Ulsan Metropolitan City, South Korea) and bottled water
from Jeju Province Development Co. (Samdasoo, Jeju
Island, South Korea) were used.

Soybean milk was produced using the following
method. Soybeans (100 g) were washed and then soaked in
bottled water (500 mL) at 2 °C for 24 h. After soaking, the
soybeans were ground with water for 1 min in a food
grinder (HGBPBKS6, Waring, USA). The liquefied soy-
bean suspension was then filtered through a cotton cloth to
yield raw soybean milk.

Preparation of traditional yuja beverage samples

Traditional yuja beverage samples were prepared from
water, yuja extract, and soybean milk (100 mL total vol-
ume) with different mixing ratios. Water and yuja extract
were stored at 2 °C and soybean milk was freshly prepared
before use. Each mixture was heated to 170 °C for 1 min in
a glass pot while stirring with a wooden spatula. Sugar was
then added, and the mixture was heated to 85 °C for
1.5 min. The resulting traditional yuja beverage samples
were prepared before the experiment and stored in a
refrigerator at 2 °C until further use.

Experimental design

In this study, a D-optimal design was used to conduct the
experiments. Three independent variables, namely, yuja
extract (X;), sugar (X5), and soybean milk (X3), were taken
into account in the experimental design. Based on pre-
liminary trials, the volume fractions of these three mate-
rials used in the study were 0.10 < X; < 0.50,
0.10 < X, < 0.45, and 0.30 < X3 < 0.75, respectively.
The sum of fractions X;, X5, and X5 in each mixture was 1.
The responses were physicochemical values and sensory
values. Traditional yuja beverage samples were prepared as
12 different formulations based on the D-optimal design
(Table 1). The main goal of the experimental design was to
maximize the antioxidant and positive sensory properties
of the product by optimizing the dependent variables. The
ranges of all three manipulated parameters were used to
construct the experimental design. Experimental planning
and statistical analyses were performed with the Design
Expert 8 statistical package (Stat-Easy Co., Minneapolis,
MN, USA).

pH

A traditional yuja beverage sample (5 mL) was homoge-
nized in distilled water (45 mL) using a homogenizer (T18
basic, Ultra-Turrax, IKA, Staufen, Germany). The pH was
then measured using a pH meter (Orion Star A222, Thermo
Scientific, Rockford, IL, USA).

Total acidity
A traditional yuja beverage sample (5 mL) was dissolved
in distilled water (45 mL). The resulting solution was

titrated with 0.1 N NaOH to pH 8.23. The NaOH factor
was 1.000.
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Table 1 Experimental D-optimal design of the traditional yuja beverage

Run Pseudo component® Actual component
A: Yuja extract B: Sugar C: Soybean milk A: Yuja extract (%) B: Sugar (%) C: Soybean milk (%)

1 0.482° 0.100 0418 48.2 10.0 41.8
2 0.252 0.100 0.648 252 10.0 64.8
3 0.100 0.450 0.450 10.0 45.0 45.0
4 0.160 0.220 0.620 16.0 22.0 62.0
5 0.100 0.150 0.750 10.0 15.0 75.0
6 0.500 0.200 0.300 50.0 20.0 30.0
7 0.240 0.277 0.483 24.0 27.7 48.3
8 0.375 0.100 0.525 37.5 10.0 52.5
9 0.357 0.302 0.341 35.7 30.2 34.1
10 0.250 0.450 0.300 25.0 45.0 30.0
11 0.100 0.348 0.552 10.0 34.8 55.2
12 0.100 0.150 0.750 10.0 15.0 75.0

Experimental runs were performed in random order from the Design Expert 8 program (Stat-Easy Co., Minneapolis, MN, USA)

Pseudo components: x; = %

=0/

X +x+-x,=1

®Yuja extract ranged from 0.1 to 0.5, sugar ranged from 0.1 to 0.45, and soybean milk ranged from 0.3 to 0.75

Sugar content

The sugar content of the traditional yuja beverage was
determined using a digital refractometer (SCM-1000, HM
Digital, Seoul, South Korea) and expressed as a Brix value.

Color parameters

The color of the traditional yuja beverages was measured
with a spectrophotometer (ColorQuest XE, HunterLab,
Reston, VA, USA) and expressed as L*, a*, and b* values
using the CIE method (Commission Internationale de
I’Eclairage [International Commission on Illumination]).
The L*, a*, and b* values were determined as averages of
five replicates. The standard white plate for reference was
L* = 9246, a* = — 0.90, and b* = — 0.07.

Total vitamin C

The total vitamin C levels in the traditional yuja beverage
samples were determined using an indophenol titration
method based on the procedure outlined in the Korea Food
Code issued by the Ministry of Food and Drug Safety
(2015). The following solutions were prepared: 6%
Metaphosphoric acid—24% acetic acid; 2% 2,4-dinitro-
phenylhydrazine in 9 N H,SO,4 0.2% 2,6-dichloroin-
dophenol sodium salt hydrate; 5% metaphosphoric acid;
85% H,SOy4; and 2% thiourea—5% metaphosphoric acid.
After titration was complete, the solutions were measured
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at a wavelength of 520 nm using a spectrophotometer (UV-
1800, Shimadzu, Japan).

Total phenolic compounds

The total phenolic compound contents of the samples were
determined spectrophotometrically using gallic acid as a
standard according to the method described by Pawar et al.
(2014). Samples (100 pL) were added to distilled water
(2.3 mL) and the Folin—Ciocalteu reagent (400 pL) and
reacted for 7 min. Sodium carbonate aqueous solution
(1.2 mL, 20%) was added, followed by homogenization
using a vortex mixer (VG3, IKA, Germany) and storage in
a dark room at room temperature for 1 h. The absorbance
was measured at a wavelength of 765 nm using a UV
spectrophotometer (UV-1800, Shimadzu, Japan). The total
phenolic compound content was calculated from the stan-
dard calibration obtained from the analysis conducted with
gallic acid as a standard material using the same method
described above for sample analysis.

DPPH free radical scavenging activity

The DPPH free radical scavenging activity was evaluated
using the spectrophotometric 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) free radical scavenging method of Jiang
et al. (2014). DPPH solution (4 x 1074 M) was added to
the test samples (0.2 mL), shaken for 2 min, and left in the
dark for 20 min before measurement at 517 nm using a
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spectrophotometer (UV-1800, Shimadzu, Japan). Methanol
was used as the control for the test samples.

Descriptive sensory analysis

A total of nine panelists participated in the descriptive
analysis. The panelists were all females aged 22-33 years.
Six training sessions were conducted in 2 weeks. Sessions
consisted of a ranking method used to number reference
samples, four basic tastes (sweet, bitter, sour, and savory
tasted) with four different intensities, according to their
intensity. Sessions also consisted of a method that classi-
fied reference samples by taste intensity. During the six
training sessions, the panelists were presented with each
product from the final set at least once, as well as additional
products such as oligosaccharide, lemon juice, tofu, boiled
soybean, and roasted rice. The experimental procedures
were approved by the institutional review board of Ewha
Womans University (IRB No. 107-14) and participants
provided informed consent for all testing procedures. A
lexicon and set of corresponding reference standards were
developed and refined by consensus for the sessions
(Table 2). Panelists agreed on the definitions, references,
and procedures for every attribute and were trained to score
the intensity of these attributes on a 15-point scale
(1 = absence, 15 = very strong). Panelist proficiency was
checked at the end of training to ensure the consensus,
repeatability, and discriminative power of each panelist.

Panelists attended sessions 3 days per week for 2 weeks
for descriptive sensory analysis. Two 1.5-h sessions were
conducted each day, and six samples were presented per
session. Sessions were conducted in the sensory evaluation
room of Ewha Womans University. Traditional yuja bev-
erage samples were prepared based on the mixture design
formulations and their intensities were evaluated. Panelists
examined the products in individual booths under red light
to mask differences in color. The product appearance was
evaluated under regular fluorescent white light, separate
from the other attributes. The 12 traditional yuja beverage
samples were presented in a sequential design according to
a Williams Latin square. Panelists were asked to score the
odor, taste/flavor, texture, aftertaste, and appearance on a
15-point scale.

All samples were used within 1 week and equilibrated at
refrigeration temperature (2 = 2 °C) until used. An aliquot
(40 mL) of each sample was poured into a disposable cup
(100 mL, polystyrene container, polypropylene lid) coded
with a random three-digit number. Tasteless and odorless
bottled spring water (Samdasoo, Jeju Island, South Korea)
was provided to the panelists to rinse their mouths between
samples.

Statistical analysis

Experimental design and statistical analysis were per-
formed using Design Expert 8 software (Stat-Easy Co.,
Minneapolis, MN, USA). The default settings in Design
Expert 8 software were used, as follows. Model points, 6;
to estimate lack of fit, 5; replicates, 1; additional center
points, 0; total runs, 12. Responses were evaluated by
analysis of variance (ANOVA) to determine the signifi-
cance of the regression model at the 5% level (F-test) and
the adjusted coefficient of determination (R?). Principal
component analysis (PCA) of the data for each sensory
attribute was performed in SensoMineR 1.18 (Francois
Husson, Sebastien Le and Marine Cadoret) of R statistical
system 3.2.3 (R Development Core Team 2015).

Results and discussion
RSM analysis of physicochemical properties

For each property, the mean of the physicochemical data
was subjected to RSM analysis using response surface
regression, and a predictive equation was developed
(Table 3). The pH and total acidity exhibited a special
quartic model. Sugar exhibited a reduced special quartic
model, while L* was a reduced quadratic model and a* was
a quadratic model. The vitamin C content, total phenolic
compounds, and DPPH free radical scavenging activity
were linear models. Predictive physicochemical analysis
showed that yuja extract was the element with the greatest
influence on acidity, a*, b*, vitamin C content, total phe-
nolic compound content, and DPPH free radical scaveng-
ing activity; as the fraction of yuja extract increased, the
acidity, b*, vitamin C content, total phenolic compound
content, and DPPH free radical scavenging activity
increased, while a* decreased. Sugar was confirmed as the
element that most affected sugar content; as the sugar
fraction increased, the sugar content also increased. Soy-
bean milk was confirmed as the element with the greatest
influence on pH and L*; as the soybean milk fraction
increased, the pH and L* also increased.

Pronounced color differences were observed among the
traditional yuja beverage samples. The yellowness of the
yuja extract and white color of the soybean milk affected
the color of the traditional yuja beverage. These results
were in agreement with the findings of previous studies in
which yuja was applied to pyun (a traditional Korean
snack) (Nam et al. 2004) and chocolate (Yoo et al. 2008),
wherein the yellowness of the products increased as the
yuja extract content increased.

In this study, samples with large amounts of sugar and
soybean milk, and small amounts of yuja extract, had low
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Table 2 Definitions and reference materials of the descriptive attributes of the traditional yuja beverage

Categories Sensory Definitions Reference materials
attributes
Odor Sweet The smell associated with oligosaccharides Grain syrup (The Healthy Oligosaccharide, CJ
attributes Cheiljedang Co., Ltd., Incheon, South Korea)
Sour The smell associated with lemon juice Lemon juice (Lazy Lemon Juice, Polenghi LAS s.r.1.,
San Rocco al Porto (LO), Milano, Italy)
Yuja The smell associated with yuja undistilled solution Yuja undistilled solution (Yuja undistilled solution,
Eden Food Co., Goheung, South Korea)
Tofu The smell associated with tofu Tofu (Korean Soybean Tofu, Pulmuone Co. Ltd.,
Chuncheon, South Korea)
Boiled The smell associated with boiled soybeans Boiled soybeans (Soybeans, Boeun Farm Co., Boeun,
soybean South Korea)
Roasted The smell associated with roasted rice Roasted rice (Seongkyeong Roasted Rice, Osung Co.,
rice Gimje, South Korea)
Taste/flavor ~ Sweet Fundamental taste sensation typical of sucrose 3% Sucrose (White Sugar, Q.-one, Samyang Co. Ltd.,
attributes Ulsan, South Korea) solution
Sour Fundamental taste sensation typical of citric acid 0.35% Citric acid (Daejung Chemicals and Metals Co.
Ltd., Siheung-si, Gyeonggi-do, South Korea) solution
Beany The flavor associated with raw soybeans Soybeans (Soybeans, Boeun Farm Co., Boeun, South
Korea)
Nutty Roasted carbohydrate flavor 10% Misutkaru (3 Black Grains Plus Misutkaru,
Taekwang Foods Co., Paju-si, Gyeonggi-do, South
Korea)
Texture Astringency Complex mouthfeel associated with dryness, roughness,
attributes and lingering residual
Viscosity Thickness of the fluid
Throat hit Smoothness of the beverage on the throat when
swallowed
Pungency The sharp, physically penetrating sensation in the nasal Carbonated water (Perrier Plain, Nestle waters supply
cavity when the sample is swallowed sub, France)
Aftertaste Sweet Aftertaste associated with sucrose 3% Sucrose (White Sugar, Q.-one, Samyang Co. Ltd.,
Ulsan, South Korea) solution
Sour Aftertaste associated with citric acid 0.35% Citric acid (Daejung Chemicals and Metals Co.
Ltd., Siheung-si, Gyeonggi-do, South Korea) solution
Beany Aftertaste associated with raw soybeans Soybeans (Soybeans, Boeun Farm Co., Boeun, South
Korea)
Astringent  Aftertaste associated with astringency
Appearance  Turbidity Clarity of the beverage
Yellowness Degree of yellowness

vitamin C levels. The vitamin C levels in yuja (ranging
from 22.6 to 73.4 mg%) are known to be larger than those
in other citrons (Jeong et al. 1994; Hwang et al. 2013).
Overall, vitamin C in yuja had the greatest effect on the
vitamin C content of the traditional yuja beverages.
Furthermore, the yuja extract contents in the traditional
yuja beverages were positively correlated with the antiox-
idant properties. The DPPH free radical scavenging activity
increased as the yuja extract fraction increased owing to the
polyphenolic compounds in yuja. Electron-donating ability
(EDA) is a marker of antioxidant effects, such as those of
flavonoids, phenolic acids, and other phenolic compounds.
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As the reducing power of these materials increases, the
EDA increases (Kang et al. 1996). Lee et al. (2008) added
yuja to yogurt and obtained similar results to those of the
present study, demonstrating that the DPPH free radical
scavenging activity increased as the yuja extract fraction
increased.

RSM analysis of sensory properties
Sweet odor, sour odor, yuja odor, tofu odor, roasted rice

odor, sweet taste, viscosity, astringency, turbidity, and
yellowness showed linear models (Table 4). Boiled
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Table 3 Analysis of the fitted model equations for the physicochemical properties of 12 traditional yuja beverage types

Polynomial equation

P value

R* F-value

Mean & SD

Model

+ 3.45A" 4 4.18B + 4.56C — 3.44AB — 2.70AC — 0.53BC

2166.44 < 0.0001

0.9998

3.70 £ 0.014

Special cubic

pH

+ 74.78A’BC — 73.40AB’C + 16.28ABC>
+ 1.80A — 0.04B + 0.31C + 2.74AB + 1.11AC + 1.39BC

0.0005

210.26

0.9982

1.24 £ 0.09

Special quartic

Total acidity (%)

— 1142.61A%BC + 1519.81AB%C — 373.51ABC?
+6.86A + 29.78B + 6.76C + 6.75AB + 4.10AC

0.9997  2072.37 < 0.0001

14.14 £ 0.17

Reduced special quartic

Sugar content (°Brix %)

+ 5.02BC + 338.28A%BC — 326.30AB>C
+ 71.99A + 66.93B + 76.17C + 19.87AC + 4.76BC

< 0.0001
< 0.0001

72.68
98.07
7.87

192.92

0.9765
0.9879
0.6362
0.9772
0.8057
0.8949

74.17 £ 0.65
—3.15+£0.19
13.89 £ 1.36
29.65 £+ 3.19
3239 £2.12
40.94 £ 6.55

Reduced quadratic

L*

— 3.83A — 3.39B — 0.54C — 4.78AB — 5.45AC — 2.04BC

+ 17.22A + 10.03B + 14.01C
+ 73.97A + 11.48B + 9.73C

Quadratic

a*

0.0106
< 0.0001

Linear

b*

Linear

Vitamin C content (mg/100 mL)

+ 48.36A + 23.05B + 32.74C

0.0006

18.67

Linear

Total phenolic compounds (mg/100 mL)

+ 81.31A + 25.77B + 21.88C

38.30 < 0.0001

Linear

DPPH free radical scavenging activity (%)

0 < R?

<1

a,

, close to 1 indicates regression fit mathematics the date well

A yuja extract, B sugar, C soybean milk

soybean odor exhibited a special cubic model, while
astringency exhibited a reduced cubic model, sweet taste,
sour taste, throat hit, and beany showed quadratic models,
and beany flavor, nutty flavor, sweet aftertaste, and sour
aftertaste showed reduced quadratic models. Pungency
showed a special quartic model. The sensory analysis
findings indicated that yuja extract was the greatest con-
tributor to sour odor, yuja odor, sour taste, sour aftertaste,
and yellowness; as the fraction of yuja extract increased,
the degree of these sensory attributes increased. Sugar was
the element that most affected the overall intensity, sweet
taste, nutty flavor, viscosity, sweet aftertaste, astringent
taste, and astringent aftertaste; as the sugar fraction
increased, the degree of these sensory attributes increased,
while astringent taste and astringent aftertaste decreased.
Soybean milk was confirmed as the element with the
greatest influence on most odor properties (such as sweet,
tofu, boiled soybean, and roasted grain odor), beany flavor,
throat hit, pungent sensation, beany aftertaste, and turbid-
ity; as the fraction of soybean milk increased, the degree of
these sensory attributes increased.

Norio et al. (2009) first identified odor-active volatiles
in yuja, such as yuzunone and yuzuol, which are not
found in other citrus fruits. This study found that the
distinct yuja aromas of yuzunone and yuzuol were highly
correlated with the yuja extract content and positive
sensory attributes. This seemed to agree with previous
studies, which indicated that yuja odor was a positive
sensory characteristic determinant of products with added
yuja extract, such as chocolate (Yoo et al. 2008) and
yogurt (Lee et al. 2008). Furthermore, antioxidants, such
as phenolic compounds, DPPH free radical scavengers,
and vitamin C, have positive characteristics owing to their
ability to prevent or delay oxidative stress caused by
oxygen-free radicals.

As the proportion of soybean milk increased, the sweet
odor increased. Previous descriptive sensory analyses of
soybean milk identified a sweet odor as a major charac-
teristic (Torres-Penaranda and Reitmeier 2001). Less-
chaeve and Nobel (2005) reported that the beany flavor and
astringency of soybean milk were negative characteristics.
The soybean milk fraction contributes to the beany flavor
of products because soybean milk contains compounds
such as pentanol, hexanol, heptanol, hexanal, and ethyl
vinyl ketone (Wilkens and Lin 1970; Sessa and Rackis
1977). A higher fraction of soybean milk leads to greater
astringency due to phenolic compounds. Adding sugar can
reduce the astringency of soybean milk (Bouras et al.
2015), with sugar added to commercial soybean milk to
increase preference. Furthermore, the viscosity of the tra-
ditional yuja beverages increased with increasing sugar
content, in agreement with the results of a previous study
(Greenwood et al. 2006).
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(b) Yuja Galsu samples
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Fig. 1 Principal component (PC) loadings and scores of the sensory attributes (a) and yuja Galsu samples (b) for components 1 and 2. A means

aftertaste
Data exploration with PCA

PCA was used to determine relationships among the
descriptive analysis-rated attribute intensities in the 12
traditional yuja beverage samples, as shown in Fig. 1. PCs
1 and 2 accounted for 91.99% of the total variation, at
71.26% and 20.73%, respectively.

Turbidity, roasted grain odor, tofu odor, boiled soybean
odor, beany aftertaste, and beany flavor were all closely
related to each another in the positive direction of PCI.
This group of properties was strongly associated with
soybean milk. In contrast, sour taste, sour odor, yuja odor,
sour aftertaste, pungent sensation, and yellowness, which
were associated with the yuja extract, exhibited strong
correlations with each another in the negative direction of
PCI1. Therefore, it can be interpreted that PC1 represents
the variance between the attributes associated with soybean
milk and those associated with yuja extract. PC2 was
marked by sweet taste, sweet aftertaste, and viscosity,
which were loaded in the negative direction.

Samples 5 and 12 were highly loaded in the positive
PC1 dimension and were, therefore, characterized by
strong soybean milk-related attributes. Samples 1, 2, and 8,
which had the smallest amount of sugar, had significantly
weaker sweet attributes than the other samples. Further-
more, samples 1 and 6, which contained large amounts of
yuja extract, had a significantly stronger sour odor/taste,
yuja odor, and yellowness.

Optimization of traditional yuja beverage
The optimum composition of the traditional yuja beverage

was determined by varying the proportions of yuja extract
(A), sugar (B), and soybean milk (C) as manipulated

variables (Table 5). Among the response variables, the
properties that had positive features as their levels
increased (sugar content, vitamin C content, total phenolic
compound content, DPPH free radical scavenging activity,
sweet odor, yuja flavor, sweet taste, and pungent sensation)
were set to be maximized. The items that had negative
features as their levels were decreased (beany flavor,
astringent taste, beany aftertaste, and astringent aftertaste)
were set to be maximized. Finally, sour odor and sour taste,
the major characteristics of the traditional yuja beverage,
were set in a range to optimize the numerical model.

The optimum predicted formulation of the traditional
yuja beverage as a final product was found to be 28.4%
yuja extract, 36.6% sugar, and 35.0% soybean milk,
resulting in a desirability score of 0.621. Interestingly, the
percentages of sugar and soybean milk were similar, and
this composition agrees with recipes found in old Korean
books. Mung beans were used in historical Galsu recipes,
and equal amounts of mung bean milk and honey (sugar)
are found in Imwonshibyukji and Traditional Healthy Drink
(1996). The optimum mixing ratio of Omi-Galsu was
1:1:0.2 for Omija extract, mung bean milk, and sugar,
respectively.

In summary, as the mixing ratio in this study was similar
to that found in old Korean books, the optimized mixing
ratio of the traditional yuja beverage appears to be rea-
sonable. These results also showed the possibility of selling
the optimized yuja beverage on the market. Based on the
results of this study, various traditional beverages can be
restored and modernized.
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Table 5 Constraints and targets of multiobjective optimization with fitted models

Numerical optimization Graphical optimization

Constraint name Goal
Yuja extract In range
Sugar In range
Soybean milk In range
Sugar content (°Brix %) Maximum
Total phenolic compounds (mg/100 mL) Maximum
DPPH free radical scavenging activity (%) Maximum
Vitamin C content (mg/100 mL) Maximum
Sweet odor Maximum
Sour odor In range
Yuja odor Maximum
Sweet taste Maximum
Sour taste In range
Beany flavor Minimum
Astringency Minimum
Pungent sensation Maximum
Aftertaste_beany flavor Minimum
Aftertaste_astringent Minimum

0.284 0.284
0.366 0.366
0.350 0.350
19.84 19.837
30.38 30.3798
45.80 45.7979
34.28 34.279
11.97 5.827
7.25 7.249
11.97 11.9728
2.58 2.58218
5.34 5.336
4.67 4.670
1.91 1.90864
5.18 5.177

Conclusion

RSM was successfully used to assess the model effects of
three ingredients (yuja extract, sugar, and soybean milk) on
the physicochemical and sensory properties of a traditional
yuja beverage. Furthermore, optimization studies of the
traditional yuja beverage using a mixture design showed
that the best combination of ingredients was 28.4% yuja
extract, 36.6% sugar, and 35.0% soybean milk. Based on
these results, various traditional beverages could be
restored and modernized. For the product to be successful,
more research is needed to determine how to stabilize
floating matter originating from soymilk during the distri-
bution period. Although this study focuses on the restora-
tion of traditional beverages, it is important to consider the
use of functional sugar instead of sugar as a health
consideration.
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