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Abstract: This study investigated the impact of incorporating Cissus quadrangularis (CQ) powder into
Yanggaeng, a traditional Korean food, focusing on its functional properties. This study examined the
proximate composition, physicochemical characteristics, antioxidant capabilities, sensory attributes,
and consumer preferences of Yanggaeng when treated with different levels (CON [0%], CQ2 [2%],
CQ4 [4%], and CQ6 [6%]) of CQ powder. Yanggaeng with CQ powder exhibited a significantly
reduced pH, and among the CQ additive groups the highest ◦Brix value was observed in CQ2.
The water holding capacity (WHC) decreased after adding CQ powder. The color properties of
Yanggaeng with CQ powder, including L*, a*, and b*, were measured. L* values dose-dependently
decreased as the amount of CQ powder increased. Conversely, a* values increased significantly
with CQ powder addition compared with CON, and b* values were highest in CQ2. Similarly,
the browning index (BI) increased in the CQ powder treatment groups compared with CON. The
antioxidative properties of Yanggaeng with CQ powder were evaluated by measuring the total
phenolic content (TPC), total flavonoid content (TFC), 1,1-diphenyl-1-picrylhydrazyl (DPPH) and
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (ABTS) radical scavenging activities, and
ferric reducing antioxidant power (FRAP). The antioxidant capacity dose-dependently increased
with higher levels of CQ powder added. Regarding the texture profile of Yanggaeng, compared with
the control group, adding CQ powder caused decreased hardness, gumminess, and chewiness. In
consumer preference evaluations, CQ2 showed similarities to CON in all aspects (color, scent, flavor,
sweetness, taste, chewiness, overall acceptance, and purchase intention). Therefore, incorporating
CQ powder, a natural and edible antioxidative ingredient, into Yanggaeng may be acceptable to
consumers despite significant changes in its physicochemical properties.

Keywords: Cissus quadrangularis; Yanggaeng; physicochemical properties; antioxidant capacities;
sensory attributes

1. Introduction

Yanggaeng is a traditional Korean confectionery categorized as a “hangwa” or Korean
sweet treat. It is crafted from boiled sweet bean or red bean paste combined with ingredients
such as agar powder and sugar [1]. Natural food coloring reagents and sugar are added, and
the mixture is heated and concentrated before being molded into its final shape. Yanggaeng
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is known for its sweet taste and smooth texture, making it appealing to individuals of all
ages [2]. Additionally, Yanggaeng has a substantial shelf life, making it a favored snack
choice for travel and outings [3]. Particularly, the main ingredient in Yanggaeng, the sweet
bean paste, contains essential amino acids such as glutamic and aspartic acids [4], as well
as phytochemicals such as phytoestrogens and isoflavones [5].

In recent years, following economic development, consumers have increasingly con-
sidered the functional properties of food alongside taste, color, and aroma when making
food choices [6,7]. This has led to growing interest in traditional food preparation methods
incorporating bioactive compounds [8]. Furthermore, considering that Yanggaeng is a
highly popular sweet among Korean sweet products but, conversely, Yanggaeng is also rich
in sugar and poor in nutrition density, such technological solutions should be sought to
increase its quality and nutritional value [9]. Therefore, research on Yanggaeng production,
which includes various natural ingredients with physiological benefits, has become more
active. For example, studies have reported adding ingredients such as barley sprouts [10],
black ginger [11], finger root powder [12], tomatoes [3], mugwort powder [13], aronia
juice [1], Enteromorpha prolifera [14], Hallabong orange [15], green tea powder [16], and
paprika [17] to enhance the nutrition density and physiological properties of Yanggaeng.

Cissus quadrangularis (CQ), a plant native to parts of Africa and Asia, has a long history
of use in traditional medicine for treating various conditions such as bone fractures [18],
joint pain [19], and inflammation [20]. Studies have shown that CQ extract effectively
reduces pain and improves joint function in patients with osteoarthritis [21]. Additionally,
CQ exposure has demonstrated its effectiveness in reducing inflammation and oxidative
stress in individuals with metabolic syndrome [22]. Furthermore, CQ prevents weight
gain clinically by reducing waist circumference and inducing circular adiponectin [23],
probably attenuating adipogenesis and lipolysis in vitro [24]. Currently, CQ supplements
are available in various forms, such as capsules, powders, and tinctures [25]. However, it
is noteworthy that the complete spectrum of potential advantages that CQ offers, particu-
larly its use as a readily available food component, remains inadequately investigated in
scientific research.

Therefore, in this study, we aimed to investigate the potential of harnessing CQ, known
for its exceptional components and functional properties, in the food industry. The effects
of incorporating CQ powder as a functional food additive at different concentrations on its
physicochemical characteristics and antioxidant capabilities were assessed. Furthermore,
sensory assessments were conducted among consumers to determine the viability of CQ as
a novel dessert choice.

2. Materials and Methods
2.1. Ingredients of Yanggaeng

CQ powder was supplied by Nuon (Bucheon, Republic of Korea). The main in-
gredients used for creating Yanggaeng included white bean (Phaseolus vulgaris L.) paste
(containing 61.7% of white bean and others (white sugar, salt, and starch); Daedoo Food,
Seoul, Republic of Korea), white sugar (Cheiljedang, Seoul, Republic of Korea), and agar
powder (Thehadam, Goseong, Republic of Korea).

2.2. Recipe for Yanggaeng

The recipe of Yanggaeng was established based on previous research, and the ratios
are presented in Table 1. To prepare the CQ powder, various weight ratios (0%, 2%, 4%,
and 6%) were added to the white bean paste of the control (CON) group, which had been
determined through several preliminary experiments. The agar powder was soaked in
distilled water for 10 min, then heated at 80 ◦C for 2 min. Subsequently, CQ powder, agar
powder, and sugar were incorporated and heated while stirring for 10 min until foam
formed and the mixture thickened. This mixture was then poured into a mold, cooled at
4 ◦C, and used as a sample for this experiment.
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Table 1. Formulation of Yanggaeng with treated C. quadrangularis powder.

Ingredients (g)
Treatments 1

CON 1 CQ2 CQ4 CQ6

White bean paste 500 490 480 470
H2O 400 400 400 400

White sugar 100 100 100 100
Agar powder 10 10 10 10

Cissus quadrangularis powder 0 10 20 30
1 Treatments: CON; control, 0% C. quadrangularis powder, CQ2; 2% C. quadrangularis powder, CQ4; 4% C.
quadrangularis powder, CQ6; 6% C. quadrangularis powder.

2.3. Proximate Composition of Yanggeang

The proximate composition of Yanggaeng was assessed according to the AOAC (2005)
standard method [26]. Moisture content was determined using the atmospheric pressure
drying method at 105 ◦C, crude protein was analyzed using the Kjeldahl method with a
conversion factor of 6.25 for protein (Method No. 978.04), crude fat was assessed using the
Soxhlet extraction method (Method No. 930.10), and crude ash content was measured at
550 ◦C. Carbohydrate content was calculated as the value obtained by subtracting moisture
content, crude protein, crude fat, and crude ash content from 100.

2.4. pH, ◦Brix, and Water Holding Capacity of Yanggeang

To determine the pH and ◦Brix of the Yanggaeng, 3 g of the sample was dissolved
in 30 mL distilled water for extraction. Subsequently, the supernatant was centrifuged at
2000× g for 10 min. pH was measured using a pH meter (Orion Star A211, Thermo Fisher
Scientific Korea Co., Ltd., Seoul, Republic of Korea), and the ◦Brix was measured using a
◦Brix meter (Hanna Instruments, Woonsocket, RI, USA). The water holding capacity (WHC)
of the Yanggaeng was determined using a modified Lee’s method [27]. Approximately
0.5 g of the sample was placed in a 1.5 mL tube and centrifuged at 2000× g for 15 min.
WHC was calculated using the following formula based on the weight of the tube after
removing the sample.

WHC = {sample weight − (dry weight − tube weight)/sample weight} × 100

2.5. Hunter’s Color Properties of Yanggaeng

The colorimetric values of Yanggaeng were determined using a colorimetric parameter
(LC100, Tintometer Limited, Amesbury, England). The L* (lightness), a* (redness), and
b* (yellowness) parameters were measured from the Yanggaeng’s surface. The browning
index (BI) was calculated using the method introduced by Bal et al. [28].

BI = (z − 0.31)/0.17 × 100

z = (a* + 1.75L*)/5.645L* + a* − 3.012b*

2.6. Total Polyphenol Content and Total Flavonoid Content of Yanggaeng

To assess the antioxidative properties of Yanggaeng, 2.5 g of the sample was dissolved
in 50 mL of 99.5% ethyl alcohol (Samchun Chemical, Pyeongtaek, Republic of Korea) and
centrifuged at 2000× g for 10 min. The total polyphenol content (TPC) was determined as
described by Lupu et al. [29], whereas the total flavonoid content (TFC) was determined
using Asma Cherbal’s method [30]. These values were expressed in milligrams of gallic
acid equivalent (GAE) per gram and milligrams of quercetin (QE) equivalent, respectively.

2.7. Antioxidant Capacities of Yanggaeng

The antioxidant capacities against DPPH radical scavenging activities, ABTS radical
scavenging activities, and FRAP were assessed. Ethanol extracts of Yanggaeng were
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prepared before evaluating their antioxidant capacities. DPPH and ABTS radical scavenging
activities were determined using the previously described methods [31,32], respectively.
FRAP was conducted according to the procedure outlined in a previous report [33].

2.8. Texture Profile Analysis of Yanggaeng

To conduct mechanical texture analysis on Yanggaeng, texture profile analysis (TPA)
was performed using a texture analyzer (TA-XT2, Stable Micro Systems Co., Haslemere,
UK) and assessed through a peer-reviewed approach established by Baek et al. [34]. The
measured parameters included hardness, adhesiveness, resilience, cohesion, springiness,
gumminess, and chewiness. Samples were prepared with dimensions of 25 × 25 × 25 mm3,
and a 20 mm diameter probe (TA-11ss) was used. The pretest speed was set at 5 mm/s, the
distance at 6 mm, and the time at 5 s. Texture measurements were taken five times, and the
average value was calculated for comparison.

2.9. Consumer Preferences of Yanggaeng

Consumer preferences for Yanggaeng were assessed using a 9-point hedonic scale (1:
dislike extremely, 9: like extremely). We evaluated 50 Dankook University students and
staff members who provided feedback on color, scent, flavor, sweetness, taste, chewiness,
overall acceptance, and purchase intention. The experimental procedures for measuring
consumers’ preferences were approved by the Institutional Review Board of Dankook
University (DKU-2022-03-201-001).

2.10. Statistical Analysis

The experimental data were ranked and analyzed using analysis of variance (ANOVA)
followed by Duncan’s multiple range test. They were conducted with SPSS 26.0 (Statistical
Package for Social Science, IBM Corp., Armonk, NY, USA).

3. Results
3.1. Proximate Compositions of Yanggaeng

Table 2 shows the proximate compositions (moisture, crude ash, crude fat, crude
protein, and carbohydrate) of Yanggaeng. The moisture, crude ash, and carbohydrate
content did not alter among experimental Yanggaeng regardless of CQ treatment. The crude
fat content of Yanggaeng decreased with increased CQ powder concentration, whereas
the protein content increased with increased CQ powder concentration compared with
the CON group. In a previous study, the biochemical content of CQ powder was reported
as follows: moisture 9.24%, crude protein 25.64%, crude fat 3.33%, crude ash 19.39%, and
carbohydrate 42.66% [35]. Therefore, CQ powder was found to be rich in carbohydrates,
crude protein, and crude ash. However, CQ powder is not a source rich of fat; therefore,
increasing the quantity of CQ may result in relatively lower fat contents. It is suggested
that the varying results may be attributed to the inclusion of additional ingredients, such as
white bean paste or sugar, in Yanggaeng with CQ powder, resulting in different outcomes.

Table 2. Proximate compositions of Yanggaeng with treated C. quadrangularis powder.

Proximate Compositions
Treatments 1

CON CQ2 CQ4 CQ6

Moisture 49.42 ± 0.32 NS 50.46 ± 0.83 NS 49.20 ± 0.28 NS 49.97 ± 0.73 NS

Crude ash 0.34 ± 0.03 NS 0.20 ± 0.05 NS 0.29 ± 0.05 NS 0.30 ± 0.04 NS

Crude fat 0.13 ± 0.02 ab 0.13 ± 0.02 a 0.11 ± 0.02 ab 0.08 ± 0.01 b

Crude protein 0.05 ± 0.01 d 0.06 ± 0.00 c 0.06 ± 0.00 b 0.06 ± 0.00 a

Carbohydrate 2 49.95 ± 0.37 NS 48.28 ± 0.27 NS 49.77 ± 0.45 NS 49.55 ± 0.72 NS

1 Treatments: CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, CQ6; 6% CQ powder.
2 Carbohydrate = 100 − (moisture + crude ash + crude fat + crude protein). Values are presented as means with
standard deviation (n = 3). All data were ranked and subsequently analyzed using one-way ANOVA followed
by Duncan’s multiple range test. Means with different superscript letters a–d in the same row significantly differ
(p < 0.05). NS, not significant.
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3.2. pH, ◦Brix, and Water Holding Capacity (WHC) of Yanggaeng

Table 3 shows the summary of the physicochemical properties of Yanggaeng. With an
increased amount of CQ powder, the pH of Yanggaeng was dose-dependently reduced,
resulting in acidification. The pH in the CON group was 6.97, whereas it declined to 6.65,
6.46, and 6.29 in CQ2, CQ4, and CQ6, respectively. This declined pH due to increased
CQ powder levels may be attributed to the inherent characteristics of CQ, which contains
various organic acids, such as citric, gallic, and tartaric acids [36].

Table 3. pH, ◦Brix, and water holding capacity of Yanggaeng with treated C. quadrangularis powder.

Items
Treatments 1

CON CQ2 CQ4 CQ6

pH 6.97 ± 0.03 a 6.65 ± 0.05 b 6.46 ± 0.02 c 6.29 ± 0.03 d

◦Brix 2.50 ± 0.00 b 2.80 ± 0.00 a 2.60 ± 0.06 b 2.10 ± 0.00 c

WHC 2 33.91 ± 1.30 a 28.95 ± 0.70 b 23.09 ± 5.38 bc 21.35 ± 5.77 c

1 Treatments: CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, CQ6; 6% CQ powder.
2 WHC; Water holding capacity. Values are presented as means with standard deviation (n = 3). All data were
ranked and subsequently analyzed using one-way ANOVA followed by Duncan’s multiple range test. Means
with different superscript letters a–d in the same row significantly differ (p < 0.05).

The ◦Brix value of Yanggaeng reached its peak in CQ2 (2.8), whereas CQ6 exhibited
the lowest value (2.1). Water holding capacity (WHC) is a critical property in gel formation
in food products [37]. A higher WHC allows for better absorption and retention of moisture,
thus improving gel-forming abilities and producing firmer, more stable gels [38]. In the case
of Yanggaeng, WHC decreased compared with CON. The reduced WHC due to the CQ
powder addition may suggest that external factors, such as external forces or temperature
fluctuations (e.g., freezing and thawing), could be influential, potentially affecting the loss
of water from the gel.

3.3. Hunter’s Color Properties of Yanggaeng

Figure 1 and Table 4 shows the colorimetric properties of Yanggaeng. The L* values,
indicating the brightness of the subject Yanggaeng’s color, were highest for the CON (45.73).
However, as the amount of CQ powder increased, the L* values decreased for CQ2, CQ4,
and CQ6 to 21.3, 13.73, and 9.73, respectively. Contrastingly, the a* parameter, responsible
for the red or green color, had the lowest value for the CON (−0.60). The CQ added
Yanggaeng exhibited an increase, with CQ2, CQ4, and CQ6 having values of 5.53, 5.37,
and 4.67, respectively. Notably, the b* parameter, describing the presence of blue or yellow
color, significantly increased with the addition of CQ powder, with CQ2 having the highest
value (14.10).
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Table 4. Hunter’s color properties of Yanggaeng with treated C. quadrangularis powder.

Hunter’s Color
Treatments 1

CON CQ2 CQ4 CQ6

L* 2 45.73 ± 2.49 a 21.73 ± 0.61 b 13.73 ± 0.57 c 9.73 ± 0.21 d

a* 3 −0.60 ± 0.32 b 5.53 ± 0.21 a 5.37 ± 0.70 a 4.67 ± 0.32 ab

b* 4 3.43 ± 0.36 d 14.10 ± 0.10 a 9.80 ± 1.05 b 6.43 ± 0.15 c

BI 5 6.61 ± 1.18 c 116.48 ± 2.41 b 141.75 ± 0.2.83 a 135.13 ± 8.19 a

1 Treatments; CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, CQ6; 6% CQ powder.
2 L*; Lightness. 3 a*; Redness. 4 b*; yellowness. 5 BI; Browning index. Values are presented as means with standard
deviation (n = 3). All data were ranked and subsequently analyzed using one-way ANOVA followed by Duncan’s
multiple range test. Means with different superscript letters a–d in the same row significantly differ (p < 0.05).

Furthermore, the brightness index (BI) was calculated using the acquired L*, a*, and b*
values, and it was higher in Yanggaeng than in CON. During the drying process of CQ, the
color typically shifts from green to brown or yellowish [39]. Moreover, the color alterations
observed during the drying process of CQ in Setthawat’s research mirror these transfor-
mations, indicating possible compositional changes during drying. This is likely due to
interactions among the diverse chemical components present in CQ and the transformations
that occur throughout the drying process [40].

3.4. Total Polyphenol Content and Total Flavonoid Content of Yanggaeng

CQ contains a significant quantity of phenolic compounds and flavonoids, which
are closely linked to antioxidant properties. The phenolic compounds include tannins,
alkaloids, resveratrol, and quadrangularin [41,42]. Furthermore, flavonoids, including
catechin, quercetin, quercitrin, and kaempferol, are reportedly present in CQ as innate
phenolic components [43]. Table 5 provides data on the total phenolic content (TPC) and
total flavonoid content (TFC) in Yanggaeng. The TPC consistently increased as the CQ
powder was incorporated into Yanggaeng. In the CON group, the TPC was measured at
16.96 mg GAE/g. However, the TPC values exhibited continuous growth in samples with
CQ powder additions, measuring 30.20, 39.87, and 44.19, respectively.

Table 5. Total polyphenol content and total flavonoid content of Yanggaeng with treated C. quadran-
gularis powder.

Items
Treatments 1

CON CQ2 CQ4 CQ6

TPC 2

(mg GAE 3/g)
16.96 ± 2.43 c 30.20 ± 0.09 b 39.87 ± 1.27 a 44.19 ± 5.63 a

TFC 4

(mg QE 5/g) 0.01 ± 0.02 d 8.11 ± 0.12 c 17.06 ± 0.35 b 24.78 ± 0.04 a

1 Treatments; CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, and CQ6; 6% CQ powder.
2 TPC; Total polyphenol content. 3 GAE; Gallic acid equivalent. 4 TFC; Total polyphenol content. 5 QE; Quercetin
equivalent. Values are presented as means with standard deviation (n = 3). All data were ranked and subsequently
analyzed using one-way ANOVA followed by Duncan’s multiple range test. Means with different superscript
letters a–d in the same row significantly differ (p < 0.05).

Additionally, TFC in the CON group was measured at 0.01 mg QE/g. However, in
samples where CQ powder was incorporated, specifically CQ2, CQ4, and CQ6, the TFC
dose-dependently increased, reaching values of 8.11, 17.06, and 24.78 mg QE, respectively.
As mentioned earlier, it is hypothesized that the phenolic compounds and flavonoid
constituents present in CQ influence the dose-dependent changes in TPC and TFC in
Yanggaeng with CQ addition.
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3.5. Antioxidant Capacities of Yanggaeng

DPPH and ABTS radical scavenging activities are expressed as percentages of free
radical inhibition and are summarized in Table 6. Including CQ powder in Yanggaeng,
dose-dependently increased the overall radical scavenging activities. Specifically, the DPPH
radical scavenging activities were measured at 13.61% in CON but increased to 25.89%,
32.03%, and 52.96% in CQ2, CQ4, and CQ6, respectively. Similarly, the ABTS radical
scavenging activities also significantly increased. In the CON, it was 12.06% but it increased
to 15.34%, 23.73%, and 27.53% in CQ2, CQ4, and CQ6, respectively.

Table 6. Antioxidant capacities of Yanggaeng with treated C. quadrangularis powder.

Antioxidant Capacities
Treatments 1

CON CQ2 CQ4 CQ6

DPPH 2 radical scavenging activities (Inhibition %) 13.61 ± 3.47 d 25.89 ± 0.24 c 32.03 ± 0.38 b 52.96 ± 2.16 a

ABTS 3 radical scavenging activities (Inhibition %) 12.06 ± 5.11 c 15.34 ± 0.78 bc 23.73 ± 2.03 ab 27.53 ± 3.77 a

FRAP 4 (mM FeSO4/g) ND d 92.00 ± 1.77 c 252.00 ± 3.54 b 285.38 ± 4.77 a

1 Treatments: CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, and CQ6; 6% CQ powder.
2 DPPH; 1,1-diphenyl-1-picrylhydrazyl. 3 ABTS; 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid. 4 FRAP;
Ferric reducing antioxidant power. Values are presented as means with standard deviation (n = 3). All data were
ranked and subsequently analyzed using one-way ANOVA followed by Duncan’s multiple range test. Means
with different superscript letters a–d in the same row significantly differ (p < 0.05). ND; not detected.

The overall increased radical scavenging capacity is likely closely associated with TPC
and TFC in the CQ powder, as previously reported in peer-reviewed publications [36].
Phenols and flavonoids can interact with free radicals, inhibiting oxidative processes and
neutralizing radicals, ultimately preventing cellular damage. CQ exhibits potent radical-
scavenging abilities against DPPH and ABTS radicals as well as hydroxyl radicals, nitric
oxide, and superoxide radicals.

Furthermore, the FRAP assay demonstrated a dose-dependent enhancement with
increasing amounts of CQ powder. In the control, FRAP was not detectable, whereas in
the CQ2, CQ4, and CQ6 samples, FRAP was gradually increased to 92.00, 252.00, and
285.38, respectively. This indicates an increasing reduction capability with higher CQ
concentrations. FRAP exhibits a close correlation with TPC and TFC as well as ABTS
radical scavenging activity. Our findings suggest that phenolic compounds contribute to
both oxidative inhibition and radical scavenging capability [44].

3.6. Texture Profile Analysis of Yanggaeng

Texture profile analysis (TPA) of Yanggaeng was conducted to measure various pa-
rameters, including hardness, adhesiveness, resilience, cohesion, springiness, gumminess,
and chewiness, relating to the amount of added CQ powder. Table 7 shows the TPA results.

Table 7. Texture profile analysis of Yanggaeng with treated C. quadrangularis powder.

Items
Treatments 1

CON CQ2 CQ4 CQ6

Hardness (g) 1835.58 ± 18.90 a 1828.98 ± 19.18 a 1687.78 ± 38.60 b 1634.30 ± 56.99 b

Adhesiveness (g·s) −123.00 ± 10.29 NS −119.99 ± 10.62 NS −91.21 ± 5.75 NS −107.61 ± 6.32 NS

Resilence (%) 6.53 ± 0.37 NS 5.85 ± 0.48 NS 5.65 ± 0.25 NS 5.48 ± 1.07 NS

Cohesion 0.31 ± 0.00 a 0.30 ± 0.01 ab 0.28 ± 0.02 ab 0.27 ± 0.01 b

Springiness (%) 99.18 ± 0.00 NS 99.32 ± 0.24 NS 99.45 ± 0.24 NS 98.90 ± 0.51 NS

Gumminess 574.78 ± 12.79 a 544.74 ± 26.00 ab 464.77 ± 17.42 b 433.47 ± 19.88 b

Chewiness 570.07 ± 12.68 a 541.06 ± 27.13 a 475.54 ± 14.30 b 460.74 ± 22.92 b

1 Treatments: CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, and CQ6; 6% CQ powder.
Values are presented as means with standard deviation (n = 3). All data were ranked and subsequently analyzed
using one-way ANOVA followed by Duncan’s multiple range test. Means with different superscript letters a,b in
the same row significantly differ (p < 0.05). NS, not significant.
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Hardness significantly decreased in the CQ powder-added groups, specifically CQ4
and CQ6, with values of 1687.78 and 1634.30, respectively, compared with the CON group.
This reduced hardness follows a similar trend observed in studies in which natural addi-
tives, including tomato powder [3], black ginger [11], and fermented garlic paste [45] in
Yanggaeng, were incorporated. Cohesion of Yanggaeng significantly decreased in CQ6,
with a value of 0.27, compared to CON. The decrease in cohesion observed in CQ6 may be
linked to a decrease in WHC (Table 3).

Gumminess gradually decreased following CQ addition (CQ2 (544.74, statistically
identical with the CON), CQ4 (464.77), and CQ6 (433.47)) compared with the control group,
with a value of 574.78. Except for CQ2, chewiness significantly decreased in CQ4 and
CQ6, with values of 475.54 and 460.74, respectively, compared with the CON. Therefore,
CQ powder incorporation was found to reduce the hardness, gumminess, and chewiness
of Yanggaeng. Similar trends of decreasing gumminess and chewiness were observed in
studies involving the addition of dried persimmon [46] and green tea to Yanggaeng [16].

The reduced hardness, gumminess, and chewiness can be attributed to the reduced
content of white bean paste and the low sugar content of the CQ powder. However, further
research considering other factors, such as the cooking method and the combination of
other ingredients in Yanggaeng, would be informative. Such a decrease in hardness may
be advantageous, especially for older adults with impaired chewing ability. Interestingly,
resilience and cohesion exhibited an insignificant decrease in CQ2, CQ4, and CQ6 compared
with the CON. This suggests that other ingredients and not CQ addition in Yanggaeng
could influence these characteristics.

3.7. Consumer Preferences of Yanggaeng

Table 8 shows the sensory evaluation of Yanggaeng. To assess consumer preferences
for Yanggaeng, a questionnaire using a 9-point hedonic scale was distributed to indi-
viduals from the general public who had no prior training in the subject matter. The
questionnaire evaluated the sensory attributes of Yanggaeng with varying amounts of CQ
powder, including color, scent, flavor, sweetness, taste, chewiness, overall acceptance, and
purchase intention.

Table 8. Consumers’ preferences for Yanggaeng with treated C. quadrangularis powder.

Attributes
Treatments 1

CON CQ2 CQ4 CQ6

Color 6.51 ± 1.93 a 6.37 ± 1.89 a 6.77 ± 1.85 a 4.91 ± 2.52 b

Scent 5.84 ± 1.69 a 6.05 ± 1.69 a 5.81 ± 1.85 a 4.72 ± 2.00 b

Flavor 5.60 ± 1.72 a 6.12 ± 1.43 a 5.67 ± 1.78 a 4.60 ± 2.19 b

Sweetness 6.33 ± 1.46 a 6.33 ± 1.49 a 6.35 ± 1.84 a 5.12 ± 2.25 b

Taste 6.07 ± 1.87 a 6.33 ± 1.71 a 5.60 ± 2.03 a 4.49 ± 2.55 b

Chewiness 6.05 ± 2.09 a 5.86 ± 2.25 a 4.44 ± 2.25 b 2.37 ± 1.48 c

Overall acceptance 5.88 ± 1.88 a 5.77 ± 1.95 a 5.19 ± 2.04 a 3.52 ± 2.19 b

Purchase intention 4.84 ± 1.78 a 4.98 ± 1.78 a 4.28 ± 2.16 a 2.77 ± 2.30 b

1 Treatments: CON; control, 0% CQ powder, CQ2; 2% CQ powder, CQ4; 4% CQ powder, and CQ6; 6% CQ powder.
Values are presented as means with standard deviation (n = 3). All data were ranked and subsequently analyzed
using one-way ANOVA followed by Duncan’s multiple range test. Means with different superscript letters a–c in
the same row significantly differ (p < 0.05).

Generally, CQ2 and CQ4 elicited similar preferences compared with CON. The Yang-
gaeng’s color was considered more favorable in CQ2 and CQ4 compared with other
samples, insignificantly differing from CON. Similarly, CQ powder addition insignificantly
influenced the scent and flavor in CQ2 and CQ4. However, in CQ6, sweetness and taste
decreased, which could be attributed to the increased acidity caused by the higher CQ
powder content. Interestingly, chewiness decreased from CQ4 onward, which could be
attributed to the texture difference caused by CQ powder addition. This caused decreased
hardness, gumminess, and chewiness according to TPA, possibly affecting the preference
for Yanggaeng’s texture.
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Overall preference and purchase intention of Yanggaeng were insignificantly different
compared with the CON, except for CQ6, indicating that CQ powder addition has good
consumer acceptance. In this study, the sensory attributes were consistent with those
reported in a study by Karadbhajne et al. [47]. In their study, dried CQ extract was
added to cookies and biscuits, and consumers preferred the products up to the lowest CQ
concentration. However, when the CQ concentration was increased, the product’s sensory
acceptability decreased. This decreased acceptability was attributed to the bitter taste and
darker color contributed by higher CQ concentrations [48]. Therefore, in this study, the
decreased purchase intention of CQ6 may be attributed to the excessive addition of CQ in
Yanggaeng, which altered the physical and sensory characteristics.

In summary, the survey results regarding consumer preferences (color, scent, flavor,
sweetness, taste, chewiness, overall acceptance, and purchase intention) found that CQ2
received statistically identical scores compared to the CON. Therefore, for potential Yang-
gaeng product development, an addition of up to 2% of CQ would be acceptable. In the
case of CQ4, it also received nearly identical responses compared to the CON or CQ2;
however, CQ4 exhibited a lower score for chewiness than the conventional Yanggaeng. As
for CQ6, all the indices for consumer preferences were significantly diminished.

4. Conclusions

The primary objective of this study was to investigate whether the addition of CQ
in Yanggaeng could enhance the physicochemical characteristics to align with consumer
preferences. The secondary aim in this study was to determine the maximum concentration
of CQ addition to Yanggaeng that elicited responses identical to those of the conventional
Yanggaeng prototype, labeled as CON. To answer our research question, in this study,
the physicochemical properties, antioxidant activity, and sensory attributes of Yanggaeng
enriched with CQ powder were investigated. CQ powder addition gradually decreased the
pH of Yanggaeng, resulting in acidification. Additionally, CQ powder significantly affected
the ◦Brix value and WHC, thereby altering the characteristics of Yanggaeng compared with
the control (CON).

In terms of colorimetric properties, CQ powder addition reduced the L* and a* values
of Yanggaeng while increasing the b* value and BI. Moreover, CQ powder addition caused
proportional increases in TPC and TFC, accompanied by enhanced antioxidant activities,
including DPPH radical scavenging, ABTS radical scavenging, and FRAP, indicating an
increased capacity to donate electrons.

Furthermore, CQ powder incorporation resulted in reduced hardness, gumminess, and
chewiness compared with CON, affecting the textural properties of Yanggaeng. Regarding
consumer preferences, CQ2 and CON received statistically similar scores across various
aspects, including color, scent, flavor, sweetness, taste, chewiness, overall acceptance,
and purchase intention. In conclusion, CQ2 exhibited a preference similar to that of the
commercially available conventional Yanggaeng (CON). This study sets the foundation for
the development of food products incorporating Yanggaeng, a traditional Korean delicacy.
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