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Abstract: In this study, Cudrania tricuspidata (CT) containing abundant phytochemicals, such as
xanthones and flavonoids, was evaluated as an additive to fortify the functionality and organoleptic
quality of fermented milk. The physicochemical, functional, and sensory properties of fermented milk
supplemented with different concentrations of CT powder were investigated. Increasing amounts of
CT powder elevated the malic acid concentration, increasing the total acidity and decreasing the pH
of fermented milk supplemented with CT powder. The viable cell count and free sugar contents of
fermented milk indicated that supplementing with CT powder improved lactic acid fermentation
slightly. The color of fermented milk supplemented with CT powder was darker, redder, yellower,
and more pleasing than the control fermented milk. The total phenolic and flavonoid contents
of fermented milk supplemented with CT powder rose as the concentration of supplemented CT
powder increased, resulting in enhanced antioxidant and antimutagenic activities. The CT powder
improved the functionality of the fermented milk; still, at 2% or more, it had some unfavorable sensory
properties, such as sourness, taste, and texture, which reduced the overall consumer preference.
Therefore, a CT powder concentration of 0.5% or 1% may be acceptable to consumers.

Keywords: fermented milk; yogurt; Cudrania tricuspidata; antimutagenic activity; antioxidant
activity; probiotics

1. Introduction

Fermented milk, one of the popular functional foods, is typically produced by thermophilic lactic
acid bacteria (LAB), such as Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus;
abundant and live LAB are still present in the final fermented milk product [1]. The LAB are
probiotics that balance between beneficial and undesirable microorganisms in the gastrointestinal
tract, affect the immune system, and enhance health [2]. Fermented milk is an excellent source of
nutrients, including protein, calcium, phosphorus, riboflavin, thiamin, vitamin B12, folate, niacin,
magnesium, zinc, and bioactive peptides [1,3,4]. Several studies have revealed that bioactive peptides
have good potential for preventing cancer [5–7], lowering blood pressure [8,9], and managing type
2 diabetes [10,11]. Adding fruits, vegetables, or herbs into fermented milk has been recently considered
a great a strategy to satisfy varying consumer preferences by boosting the functionality and organoleptic
quality of fermented milk [12–16].

Cudrania tricuspidata, a member of the Moraceae family mainly cultivated in China and Korea [17],
can be a good additive for fermented milk. Several studies have reported that two major groups
of phytochemicals, such as xanthones and flavonoids, are present in all parts of C. tricuspidata.
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Prenylated xanthones and flavonoids, primarily present in leaves and root bark, showed remarkable
anti-inflammatory [18,19], antitumor [20,21], hepatoprotective [22,23], neuroprotective [24,25],
and anticoagulant [26] activities. Hydroxybenzyl flavonoid glycosides, abundant in stem bark, were
reported to be a natural antioxidant and potential antitumor agents [27,28]. Prenylated isoflavonoids and
benzylated flavonoids in the fruits have anti-inflammatory and antioxidant activities [29,30]. Despite its
numerous health benefits, C. tricuspidata‘s utilization has been focused on its leaf and root since its raw
fruit has a distinctive flavor that can be unacceptable to consumers [31]. Furthermore, the fruit contains
relatively less polyphenols and flavonoids than the other parts [32,33]. However, several recent studies
indicate that adding an appropriate amount of C. tricuspidata can improve the organoleptic properties
of various food product with significantly enhanced functional properties [31,34,35].

A mutagen is a chemical or physical agent that is responsible for a genetically critical damage in the
DNA sequence of an organism [36]. Since a mutation is related to the initiation and progression phase of
carcinogenesis, the development of an antimutagenic agent can be a promising way to prevent genetic
disease in humans, including cancer [37]. Several studies have reported that various polyphenols
and flavonoids in plants induce antimutagenic activity [38,39]. Moreover, a study by de Oliveria et al.
revealed that xanthones and flavones of Syngonanthus could serve as a novel antimutagenic agents [40].
Since these compounds are also plentiful in C. tricuspidata, we speculated that C. tricuspidata could be a
potential antimutagenic agent.

This study aims to study how C. tricuspidata improves the functional properties of fermented milk
and optimize the amount of C. tricuspidata to be organoleptically acceptable to potential consumers.
This study also examines the antioxidant and antimutagenic activities of fermented milk supplemented
with different concentrations of C. tricuspidata powder. Moreover, C. tricuspidata’s physicochemical and
sensory properties were evaluated.

2. Materials and Methods

2.1. Preparation of Cudrania Tricuspidata Powder

Fully ripe Cudrania tricuspidata fruits (15.2 ± 0.1 ◦Brix, pH 5.3 ± 0.1, acidity 0.20% ± 0.03%) were
obtained from Sangju, South Korea, during the 2017 harvest season (Figure 1). C. tricuspidata fruits
were selected from the uniformity of color and lack of decay or rot. The proximate compositions
of C. tricuspidata fruit were analyzed by the means of Association of Official Analytical Chemists
(AOAC) [41] (Table 1). Samples were washed five times with tap water to remove any black spot on
the skin and then manually squeezed to obtain the juice. The juice was filtered with cheesecloth and
centrifuged at 10,000× g for 10 min. The supernatant was collected and freeze-dried into powder.
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Figure 1. Image of Cudrania tricuspidata used in this study.

2.2. Preparation of Fermented Milk Supplemented with Cudrania tricuspidata

First, the bulk starter was prepared using milk with 32 g/L protein, 32 g/L fat, and 1.05 g/L calcium
(Seoul Dairy Co., Seoul, Korea). The milk was heat-treated at 95 ◦C for 15 min and cooled down to
30 ◦C. After that, the milk was inoculated with 0.3% (w/w) of a commercial yogurt starter powder
containing Streptococcus thermophilus, Lactobacillus paracasei, and L. delbrueckii subsp. bulgaricus (Plain
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morning, Cellbiotech Co. Ltd., Gimpo, Korea). The mixture was incubated at 40 ◦C for 8 h and then
stored at 4 ◦C.

Table 1. The proximate compositions of Cudrania tricuspidata fruit.

Proximate Composition (%)

Moisture 80.16 ± 1.43
Carbohydrate 12.40 ± 0.43
Crude protein 2.40 ± 0.32

Crude lipid 1.50 ± 0.04
Crude ash 3.54 ± 0.44

All data are expressed as the mean ± Standard Deviation (SD) (n = 3).

Four percent (w/w) skim milk was added to milk to create the fermentation substrate for yogurt
production. The mixture was heat-treated at 95 ◦C for 15 min and cooled down to 30 ◦C. Subsequently,
C. tricuspidata powder was added to the mixture at the concentration of 0%, 0.5%, 1%, 2%, or 3% (w/w)
(Table 2). The mixtures were mixed well and inoculated with 3% (w/w) of bulk starter and incubated at
40 ◦C for 12 h.

Table 2. The mixing ratios of fermented milk supplemented with Cudrania tricuspidata powder.

Ingredient (g)
Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

Raw milk 930 925 920 910 900
Skim milk 40 40 40 40 40

Bulk starter 30 30 30 30 30
Cudrania tricuspidata power 0 5 10 20 30

2.3. Assessment of Physicochemical Properties and LAB Viable Counts in the Fermented Milk

2.3.1. Soluble Solid Contents, pH, Total Acidity, and Viable LAB Counts

All the fermented milk samples were prepared by centrifugation at 10,000× g for 10 min. Soluble
solid contents were determined using a refractometer (RA250, ATAGO, Tokyo, Japan). The pH of
fermented milk samples was measured with a pH meter (Mettler-Toledo, Schwerzenbach, Switzerland).
Total acidity, expressed as % of lactic acid, was determined by titration with 0.1 N NaOH until
neutralization to pH 8.2. Each sample was serially diluted with distilled water using an appropriate
dilution factor to achieve around 30–300 CFU/plate to determine the viable cell count in fermented
milk. Each sample was then spread onto MRS (Difco Laboratories, Detroit, MI, USA) agar media plates
and incubated at 37 ◦C for 48 h.

2.3.2. Total Phenolic and Flavonoid Compounds

The total phenolic compounds in fermented milk samples were determined with the
Folin-Ciocalteau method [42], with some modifications. Two milliliters of samples were mixed with
2 mL of 50% (v/v) Folin-Ciocalteu reagent and incubated at room temperature for 3 min. Each mixture
was then mixed with 2 mL of 10% Na2CO3, vortexed, and allowed to stand at room temperature for 1 h.
The absorbance was measured at 700 nm. The results were expressed as the equivalent of gallic acid
mg/mL in fermented milk using a standard curve with gallic acid (0–0.5 mg/mL). The total flavonoid
content in fermented milk samples was determined [43]. The fermented milk samples were examined
spectrophotometrically at 510 nm against a blank solution containing all reagents in 200 µL of distilled
water instead of fermented milk samples (UV-1601, Shimadzu Co., Kyoto, Japan). First, 430 µL of
50% ethanol, 70 µL of fermented milk sample, and 50 µL of 5% NaNO2 were combined in a test tube.
After 30 min of incubation, the samples were mixed with 50 µL of 10% Al(NO3)3·9H2O. Six minutes
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later, 500 µL of NaOH (1 N) was added, and the solutions vortexed. The results were expressed as the
equivalents of quercetin mg/mL of fermented milk using a standard curve with quercetin (0–200 µg/mL).

2.3.3. Free Sugar and Organic Acid Contents

Next, free sugar and organic acid contents of fermented milk samples were examined. Fermented
milk samples were centrifuged at 10,000× g for 15 min, and the supernatant was filtered (Millex-HV
0.45 µm, Millipore Co., Bedford, MA, USA). Filtered samples were determined by high-performance
liquid chromatography (HPLC) (Model Prominence, Shimadzu, Kyoto, Japan) with a Sugar-Pak I
column (diameter 6.5 × 300 mm; Waters, Milford, MA, USA) and PL Hi-Plex H column (diameter
7.7 × 300 mm; Agilent Technologies, Santa Clara, CA, USA) [44]. The chromatography for the
free sugars was run at a flow rate of 0.5 mL/min at 90 ◦C in the mobile phase in 50 mg/L
Ca-ethylenediaminetetraacetic acid (Ca-EDTA) buffer. The chromatography for the organic acids was
run at a flow rate of 0.6 mL/min at 65 ◦C in the mobile phase in 0.005 M sulfuric acid. Free sugars and
organic acids were detected with a refractive index detector (RID-10A, Shimadzu, Tokyo, Japan). The
results were expressed as each compound’s equivalents in mg/mL of fermented milk using a standard
curve with each compound (0–10 mg/mL).

2.3.4. Hunter’s Color Value

Changes in Hunter’s color value of the fermented milk before and after fermentation were
measured with a colorimeter (Konica Minolta CM-3600A, Osaka, Japan) calibrated with a standard
calibration slide (50 × 12 mm). The results were expressed as L (brightness), a (redness), and b
(yellowness). The L, a, and b values for standard tile were (L = 97.78, a = 0.39, b = 2.05).

2.4. Assessment of Antioxidant Activities in Fermented Milk

All antioxidant activities were analyzed according to Oszmianski et al. [45]. For diphenylpicrylhydrazyl
(DPPH) radical scavenging activity analysis, 100 µL of DPPH was dissolved in pure ethanol (96%).
The radical stock solution was prepared right before experimentation. Then, 1 mL of DPPH was
added to 1 mL of fermented milk and 3 mL of 96% ethanol. The mixture was thoroughly shaken and
placed at room temperature in the dark for 10 min. The resulting solution’s change in absorbance was
observed at 517 nm using a spectrophotometer (UV-1601, Shimadzu Co., Kyoto, Japan). The results
were corrected for dilution and expressed in µM of Trolox/mL of fermented milk using a standard
curve with Trolox (0–50 µM/mL).

2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) was dissolved in water to make a
7-µM stock solution for the ABTS radical scavenging activity analysis. The ABTS stock solution reacted
with a final concentration of 2.45 µM potassium persulfate to produce ABTS radical cations (ABTS+).
The reaction was kept in the dark at room temperature for 12–16 h before use; the radical would remain
stable in this condition for more than 2 days. The ABTS+-containing samples were diluted with double
distilled water to an absorbance of 0.700 ± 0.02 at 734 nm and equilibrated at 30 ◦C. After adding 3.0 mL
of diluted ABTS+ solution (A734 nm = 0.700 ± 0.02) to 30 µL of fermented milk sample, the absorbance
was read exactly at 6 min after the initial mixing (UV-1601, Shimadzu Co., Kyoto, Japan). The results
were corrected for dilution and expressed in µM Trolox/1 mL of fermented milk using a standard curve
with Trolox (0–50 µM/mL).

The ferric ion reducing antioxidant power (FRAP) assay was based on an antioxidant’s tendency
to reduce. An antioxidant reduces ferric ions (Fe3+) to ferrous ions (Fe2+) to form a blue complex
(Fe2+/TPTZ) with increased absorbance at 593 nm. Moreover, the FRAP reagent was prepared by
mixing 300 µM acetate buffer at pH 3.6, 10 µM of TPTZ in 40 µM of HCl, and 20 µM of FeCl3 at a ratio
of 10:1:1 (v/v/v). An amount of 300 µL of FRAP reagent and 10 µL of fermented milk samples were
mixed in each well. The absorbance was measured at 593 nm after 10 min (UV-1601, Shimadzu Co.,
Kyoto, Japan). A standard curve was plotted using different Trolox concentrations. All solutions were
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prepared on the same day of experimentation. The results were corrected for dilution and expressed in
µM of Trolox/1 mL of fermented milk using a standard curve with Trolox (0–50 µM/mL).

2.5. Assessment of the Antimutagenic Activity of Fermented Milk

The antimutagenic activity of fermented milk supplemented with C. tricuspidata powder
was investigated using the pre-incubation method [44]. Two mutagens, N-methyl-N’-nitro-
N-nitrosoguanidine (MNNG) and 4-nitro-O-phenylenediamine (NPD) (Sigma Co., St. Louis, MO,
USA), were dissolved in dimethyl sulfoxide (DMSO) to the final concentrations of 5 and 15 µg/plate,
respectively. Salmonella typhimurium histidine operon mutant strains derived from LT-2, TA98 (hisD3052
rfa ∆uvrB) (TA98), and TA100 (hisG46 rfa ∆uvrB) (TA100), were also used. One hundred microliters
of a fermented milk sample, 100 µL of MNNG or NPD solution, 100 µL of an overnight culture of
TA98 or TA100, and 0.5 mL of 0.2 M sodium phosphate buffer (pH 7) were mixed in a capped glass
tube. The mixture was then incubated at 37 ◦C for 30 min with agitation. Then, 3 mL of molten agar
containing histidine and biotin was added to the mixture; the final mixtures were plated on a minimal
glucose agar medium and incubated at 37 ◦C for 48 h in the dark. Subsequently, the number of His+

revertants per plate was counted. The antimutagenic activity was expressed as follows:

Antimutagenic inhibition ratio (%) = (A − B)/(A − C) (1)

A was the number of mutagen-induced His+ revertants in the absence of a sample, B was the
number of mutagen-induced His+ revertants in the presence of a sample, and C was the number of
spontaneous His+ revertants.

2.6. Sensory Evaluation

Sensory evaluation of fermented milk samples was performed by a panel of twenty judges with
sensitive taste discrimination from the Department of Food Science and Technology, Kyungpook
National University, Korea. Each judge evaluated the color, odor, sourness, taste, texture, and overall
preference of the fermented milk samples with intervals of at least 3 min between samples. Water was
provided to cleanse the judges’ palates. Sensory scores were assigned on a scale ranging from 1 (dislike
extremely) to 7 (like extremely). Before sensory evaluation was conducted, the experimental plan was
approved by Kyungpook National University Industry Foundation on 1 October 2018 (IRB approval
number: 2018-0160). All panels were given explanation and agreed with the precaution related to the
possible side effects of C. tricuspidata before performing the sensory evaluation.

2.7. Statistical Analysis

All experiments were conducted in triplicate or more; the data were analyzed using the SAS
software (version 9.4, SAS Institute, Cary, NC, USA). Significance was determined at a threshold of
p < 0.05 using ANOVA, followed by Duncan’s multiple range test.

3. Results and Discussion

3.1. Physicochemical Properties and Viable Cell Count of Fermented Milk

The various physicochemical properties, such as soluble solids content, pH, total acidity, and viable
cell count, of fermented milk supplemented with different concentrations of C. tricuspidata powder
were investigated (Table 3). The soluble solids content of all the fermented milk samples was 9.8 ◦Brix.
The pH decreased, and total acidity increased in the fermented milk samples as the concentration
of supplemented C. tricuspidata powder increased since various organic acids of C. tricuspidata
were concentrated by freeze-drying. The viable cell counts of all fermented milk samples were
slightly increased depending on the supplemented amount of C. tricuspidata powder, indicating some
components in C. tricuspidata powder contribute minimally to promoting lactic acid fermentation. Total
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phenolic compounds and total flavonoid contents of fermented milk supplemented with C. tricuspidata
increased from 3.7- to 12.8-fold and from 10.1- to 30.10-fold when compared with the control fermented
milk, respectively. C. tricuspidata fruit has been reported to contain chlorogenic acid, rutin, and other
phenolic compounds as well as prenylated and benzylated forms of flavonoids [29,46,47]. In addition,
five parishin derivatives (gastrodin, parishin A, B, C, and E) were newly identified and detected at
high amounts in C. tricuspidata fruit [48]. Many plant phytochemicals, including polyphenols and
flavonoids, have been recently defined as prebiotics since they meet the criteria, and many studies have
demonstrated that health benefits are more attributed to the metabolites produced by microorganisms
than the parent polyphenolic compounds [49,50]. It has been reported that supplementing various fruit
juices (aronia, blueberry, and grape) into yogurt enhances the viability of S. thermophilus, indicating
that increased phenolics may act as prebiotics [51]. Nguyen and Hwang also reported that viable
count of LAB in yogurt increased during lactic acid fermentation with increasing supplemented aronia
juice [1]. C. tricuspidata and Morus alba L. leaf extracts have also been reported to shorten fermentation
time and increase the viability of LAB, which should be related to the phenolic compounds present in
the extracts [35]. In the present study, C. tricuspidata fruit powder containing high amounts of phenolics
and flavonoids may increase the growth of LAB in fermented milk.

Table 3. Physicochemical properties and viable LAB (lactic acid bacteria) cell count of fermented milk
supplemented with Cudrania tricuspidata powder.

Parameter
Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

Soluble solid (◦Brix) 9.8 ± 0.0 a 9.8 ± 0.0 a 9.8 ± 0.1 a 9.8 ± 0.0 a 9.8 ± 0.0 a

pH 4.51 ± 0.02 a 4.47 ± 0.01 b 4.40 ± 0.02 b 4.34 ± 0.01 d 4.30 ± 0.01 e

Total acidity (%) 1.11 ± 0.02 b 1.13 ± 0.02 b 1.19 ± 0.01 b 1.23 ± 0.03 ab 1.28 ± 0.02 a

Viable LAB cell count (Log CFU/mL) 9.01 ± 0.11 a 9.05 ± 0.25 a 9.08 ± 0.19 a 9.16 ± 0.23 a 9.21 ± 0.18 a

Total phenolic compound (mg GE/mL) 1.77 ± 0.04 e 6.62 ± 0.07 d 8.09 ± 0.29 b 16.50 ± 0.59 b 22.57 ± 1.03 a

Total flavonoid content (µg QE/mL) 5.55 ± 2.52 e 55.81 ± 8.58 d 80.26 ± 8.24 b 126.13 ± 1.26 b 167.05 ± 8.73 a

Free sugar contents (mg/mL)
Glucose ND ND 3.66 ± 0.24 c 6.21 ± 0.19 b 8.90 ± 0.31 a

Fructose ND ND 1.13 ± 0.08 c 4.20 ± 0.13 b 6.94 ± 0.25 a

Lactose 54.59 ± 2.31 a 51.57 ± 2.18 ab 48.34 ± 1.96 b 47.75 ± 2.05 b 47.00 ± 1.83 b

Galactose 4.93 ± 0.24 b 4.84 ± 0.31 b 5.49 ± 0.34 ab 6.07 ± 0.41 a 5.86 ± 0.29 a

Organic acid contents (mg/mL)
Malic acid 7.47 ± 0.37 c 6.54 ± 0.56 c 7.40 ± 0.38 c 11.43 ± 0.52 b 14.96 ± 0.43 a

Lactic acid 11.85 ± 0.21 b 11.75 ± 0.28 b 11.92 ± 0.20 b 12.32 ± 0.22 ab 12.54 ± 0.16 a

a–e Different letters within the same column indicate a significant difference (p < 0.05). All data are expressed as the
mean ± SD (n = 3). ND, not detected.

Glucose and fructose have been reported to be the main components of C. tricuspidata [52]. In free
sugar analysis, the glucose and fructose contents of the fermented milk samples rose with the increasing
concentration of supplemented C. tricuspidata powder, except for 0.5% C. tricuspidata powder. LAB
typically hydrolyzes lactose to glucose and galactose; however, several LAB, such as S. thermorphilus
and L. delbrueckii subsp. bulgaricus, are galactose negative (Gal-) strains and can metabolize only
glucose, thereby accumulating galactose in the milk [53]. This is because these strains do not have
Tagtose-6P pathway and do not metabolize galactose [54]. The lactose content of fermented milk
decreased, while galactose content increased as the concentration of the C. tricuspidata supplement
increased. This data supported that C. tricuspidata powder affected lactic acid fermentation as viable
cell count of fermented milk supplemented with C. tricuspidata powder increased. In the organic acid
analysis, malic acid contents of the fermented milk were significantly increased as the concentration
of C. tricuspidata supplement increased. Malic acid has been reported as one of the primary organic
acids in C. tricuspidata [52] and the cause of sour and astringent tastes in food [55]. Lactic acid contents
of fermented milk showed a slightly increasing trend, depending on the C. tricuspidata supplement
concentration, which is due to lactic acid fermentation promoted by the addition of C. tricuspidata
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powder. The increases in malic and lactic acid contents caused a decrease in pH values and increased
total acidities of fermented milk supplemented with C. tricuspidata powder.

3.2. Measuring Color Changes in Fermented Milk Supplemented with Cudrania tricuspidata

Color is one of the most critical parameters for consumer preference. Although C. tricuspidata’s
fruit offers less potential health benefits than its leaf or root bark, it can be an excellent additive for
various food products due to its pleasant coloring. The color values of fermented milk supplemented
with different concentrations of C. tricuspidata powder before and after fermentation were investigated
(Table 4). The L values, the brightness of the product, significantly decreased with increasing
concentration of C. tricuspidata powder. Moreover, L values in all the fermented milk samples were
slightly reduced after fermentation since pH decreased during fermentation. According to García-Pérez
et al., lowering pH decreased the lightness in fermented milk due to gelation [56]. The a value,
the indicator of redness, significantly increased with an increasing amount of C. tricuspidata powder.
Additionally, the a values in most fermented milk samples, except for 0.5% of C. tricuspidata powder,
were slightly increased after fermentation. Several studies have described that a values of yoghurt
increased when various fruits such as grape, aronia, blueberry, and cherry, which contain a large
amount of anthocyanin, were added [51,57]. Kim et al. also reported that the total carotenoid content
of C. tricuspidata fruit increased during ripening, leading to the significantly higher a value compared
to C. tricuspidata fruit in the lower maturity stages [48]. The b values, the yellowness indicator (if b > 0),
increased significantly with an increasing amount of C. tricuspidata powder. Likewise, b values were
higher in all the fermented milk samples after fermentation. Novruzov and Agamirov [58] reported
that C. tricuspidata fruit contains various carotenoids, leading to an increase in b values of fermented
milk supplemented with C. tricuspidata powder. Overall, the results of Hunter’s color value indicated
that the fermented milk supplemented with C. tricuspidata powder were redder, darker, and more
yellow than the control fermented milk as the concentration of C. tricuspidata increased. Along with
Hunter’s color value, appearances of fermented milk supplemented with C. tricuspidata powder were
also pleasant (Figure 2).

Table 4. Hunter’s color values of fermented milk supplemented with Cudrania tricuspidata powder
before and after fermentation.

Color Value Fermentation
Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

L
Before 78.63 ± 0.13 a 66.73 ± 0.99 b 63.29 ± 0.24 c 58.14 ± 0.08 d 54.24 ± 0.06 e

After 75.06 ± 0.99 a 64.61 ± 1.54 b 61.27 ± 0.33 c 56.58 ± 0.60 d 53.24 ± 0.04 e

a Before −2.40 ± 0.03 e 6.50 ± 0.17 d 9.97 ± 0.11 c 13.09 ± 0.13 b 14.77 ± 0.03 a

After −1.72 ± 0.07 e 6.40 ± 0.30 d 10.40 ± 0.19 c 15.91 ± 0.28 b 17.77 ± 0.04 a

b
Before 5.55 ± 0.25 e 13.76 ± 0.25 d 17.56 ± 0.25 c 21.09 ± 0.23 b 22.03 ± 0.01 a

After 7.24 ± 0.40 e 16.14 ± 0.37 d 21.13 ± 0.21 c 26.62 ± 0.33 b 28.08 ± 0.09 a

a–e Different letter within the same column indicate significant difference (p < 0.05). All data are expressed as the
mean ± SD (n = 3).

3.3. Functional Properties of Fermented Milk Supplemented with Cudrania tricuspidata

The DPPH radical scavenging, ABTS radical scavenging, and FRAP activities of fermented milk
samples were analyzed to determine the effect of C. tricuspidata supplement on the functional properties
of fermented milk (Table 5). With the C. tricuspidata supplement, the DPPH radical scavenging activity
increased from 0.63 to 1.46 µM TE/mL, the ABTS scavenging activity increased from 0.18 to 0.36 µM
TE/mL, and the FRAP activity increased from 0.21 to 1.65 µM TE/mL compared to the control fermented
milk. In other words, the antioxidant activities of fermented milk supplemented with C. tricuspidata
increased in a concentration-dependent manner. C. tricuspidata leaf extract has been considered an
excellent source for high-value-added food materials and functional foods [16,59–61]; the leaves have
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a high level of polyphenols, especially quercetin, which have higher antioxidant activity than other
parts of the plant [62,63]. On the other hand, C. tricuspidata fruit’s antioxidant activity is strongly
affected by maturation and associated with the changes of prenylflavonoids, such as artocarpesin,
alpinumisoflavone, 6-isopentenylgenistein, 4′-O-methylalpinumisoflavone, and 6,8-diprenylgenistein;
fully matured C. tricuspidata fruits reach its peak of antioxidant activity [64]. The present study revealed
that the addition of C. tricuspidata powder improved the antioxidant activity of fermented milk in vitro,
indicating that C. tricuspidata has promising potential as a functional food. In vivo testing should also
be performed to verify its functionality.Foods 2020, 9, x FOR PEER REVIEW 8 of 14 

 

 
Figure 2. Images of fermented milk supplemented with different concentrations of Cudrania 
tricuspidata powder before (A) and after fermentation (B). From left to right, the fermented milk 
supplemented with 0%, 0.5%, 1%, 2%, or 3% of C. tricuspidata powder. 

3.3. Functional Properties of Fermented Milk Supplemented with Cudrania tricuspidata 

The DPPH radical scavenging, ABTS radical scavenging, and FRAP activities of fermented milk 
samples were analyzed to determine the effect of C. tricuspidata supplement on the functional 
properties of fermented milk (Table 5). With the C. tricuspidata supplement, the DPPH radical 
scavenging activity increased from 0.63 to 1.46 μM TE/mL, the ABTS scavenging activity increased 
from 0.18 to 0.36 μM TE/mL, and the FRAP activity increased from 0.21 to 1.65 μM TE/mL compared 
to the control fermented milk. In other words, the antioxidant activities of fermented milk 
supplemented with C. tricuspidata increased in a concentration-dependent manner. C. tricuspidata leaf 
extract has been considered an excellent source for high-value-added food materials and functional 
foods [16,59–61]; the leaves have a high level of polyphenols, especially quercetin, which have higher 
antioxidant activity than other parts of the plant [62,63]. On the other hand, C. tricuspidata fruit’s 
antioxidant activity is strongly affected by maturation and associated with the changes of 
prenylflavonoids, such as artocarpesin, alpinumisoflavone, 6-isopentenylgenistein, 4′-O-
methylalpinumisoflavone, and 6,8-diprenylgenistein; fully matured C. tricuspidata fruits reach its 
peak of antioxidant activity [64]. The present study revealed that the addition of C. tricuspidata 
powder improved the antioxidant activity of fermented milk in vitro, indicating that C. tricuspidata 
has promising potential as a functional food. In vivo testing should also be performed to verify its 
functionality. 

Table 5. Antioxidant activities of fermented milk supplemented with Cudrania tricuspidata. 

Antioxidant Activity 
(μM TE/mL) 

Cudrania tricuspidata Powder Content (%, w/w) 
0 0.5 1 2 3 

DPPH radical scavenging activity 1.94 ± 0.12 c 2.57 ± 0.20 b 2.77 ± 0.14 b 3.18 ± 0.10 a 3.40 ± 0.11 a 
ABTS scavenging activity 0.31 ± 0.02 c 0.49 ± 0.03 b 0.52 ± 0.05 ab 0.64 ± 0.08 a 0.67 ± 0.04 a 

FRAP activity 0.19 ± 0.01 e 0.40 ± 0.02 d 0.66 ± 0.04 c 1.20 ± 0.08 b 1.84 ± 0.13 a 
a-e Different letter within the same column indicate significant difference (p < 0.05). All data are 
expressed as the mean ± SD (n = 3). 

The antimutagenic activity of fermented milk supplemented with different concentrations of C. 
tricuspidata powder was investigated (Table 6). MNNG and NPD were used as mutagens for 
Salmonella typhimurium TA 100 strain. The antimutagenic activities, or the inhibition rate, of 
fermented milk supplemented with different amounts of C. tricuspidata powder increased from 
18.75% to 64.58% for MNNG and from 23.31% to 60.11% for NPD. As with S. typhimurium TA 98 
strain, the inhibition rate of fermented milk supplemented with different amounts of C. tricuspidata 
powder increased from 9.01% to 54.05% for MNNG from 20.00% to 63.81% for NPD. Like antioxidant 
activity, antimutagenic activities of fermented milk supplemented with C. tricuspidata were also 
concentration-dependent. Fermented milk prepared with LAB has been known to be antimutagenic 
toward a broad spectrum of mutagens such as MNNG, 4-nitroquinoline N-oxide (NQNO), and 3,2-

Figure 2. Images of fermented milk supplemented with different concentrations of Cudrania tricuspidata
powder before (A) and after fermentation (B). From left to right, the fermented milk supplemented
with 0%, 0.5%, 1%, 2%, or 3% of C. tricuspidata powder.

Table 5. Antioxidant activities of fermented milk supplemented with Cudrania tricuspidata.

Antioxidant Activity
(µM TE/mL)

Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

DPPH radical scavenging activity 1.94 ± 0.12 c 2.57 ± 0.20 b 2.77 ± 0.14 b 3.18 ± 0.10 a 3.40 ± 0.11 a

ABTS scavenging activity 0.31 ± 0.02 c 0.49 ± 0.03 b 0.52 ± 0.05 ab 0.64 ± 0.08 a 0.67 ± 0.04 a

FRAP activity 0.19 ± 0.01 e 0.40 ± 0.02 d 0.66 ± 0.04 c 1.20 ± 0.08 b 1.84 ± 0.13 a

a-e Different letter within the same column indicate significant difference (p < 0.05). All data are expressed as the
mean ± SD (n = 3).

The antimutagenic activity of fermented milk supplemented with different concentrations of
C. tricuspidata powder was investigated (Table 6). MNNG and NPD were used as mutagens for
Salmonella typhimurium TA 100 strain. The antimutagenic activities, or the inhibition rate, of fermented
milk supplemented with different amounts of C. tricuspidata powder increased from 18.75% to 64.58% for
MNNG and from 23.31% to 60.11% for NPD. As with S. typhimurium TA 98 strain, the inhibition rate of
fermented milk supplemented with different amounts of C. tricuspidata powder increased from 9.01% to
54.05% for MNNG from 20.00% to 63.81% for NPD. Like antioxidant activity, antimutagenic activities of
fermented milk supplemented with C. tricuspidata were also concentration-dependent. Fermented milk
prepared with LAB has been known to be antimutagenic toward a broad spectrum of mutagens such
as MNNG, 4-nitroquinoline N-oxide (NQNO), and 3,2-dimethyl-4-aminobiophenyl (DMAB) [65,66].
Milk proteins, such as casein, R-lactalbumin, and β-lactoglobulin, have been shown to bind mutagenic
heterocyclic amines at a high percentage [67,68]. Another study reported a robust inhibitory activity
by casein against NQNO, and casein’s anti-NQNO activity increased when it was hydrolyzed by
pepsin [69]. Matar reported that antimutagenic compounds are produced in milk during fermentation
by L. helveticus, and the author suggested that the release of peptides is one possible contributing
mechanism [70]. On the other hand, several studies have focused on antimutagenic activity of some
phytochemical compounds, such as flavonoids (e.g., quercetin) and phenolic compounds (e.g., tannin)
which are ubiquitous in plants [71,72]. The present study also identified C. tricuspidata’s antimutagenic
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activity due to its abundant phenolic compounds and flavonoids; therefore, C. tricuspidata could be an
antimutagenic functional food.

Table 6. Antimutagenic activities (inhibition rate, %) of fermented milk supplemented
with Cudrania tricuspidata powder against N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) and
4-nitro-O-phenylenediamine (NPD) on Salmonella typhimurium TA100 and TA98.

Strain Mutagen
Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

TA100
MNNG 21.23 ± 1.45 e 39.98 ± 0.99 d 57.88 ± 0.56 c 70.17 ± 3.69 b 85.81 ± 1.30 a

NPD 17.42 ± 1.34 e 40.73 ± 3.15 d 52.53 ± 3.46 c 66.57 ± 2.04 b 77.53 ± 2.25 a

TA98
MNNG 16.52 ± 2.32 d 25.53 ± 4.45 c 49.55 ± 1.78 b 64.56 ± 2.62 a 70.57 ± 3.55 a

NPD 24.76 ± 2.50 e 44.76 ± 2.13 d 56.19 ± 2.24 c 74.29 ± 1.52 b 88.57 ± 3.58 a

a–e Different letter within the same column indicate a significant difference (p < 0.05). All data are expressed as the
mean ± SD (n = 3).

3.4. Sensory Evaluation

The sensory aspects of fermented milk supplemented with different concentrations of C. tricuspidata
powder were evaluated to determine the acceptable concentration of C. tricuspidata for consumer
preference (Table 7). The color scores of fermented milk became higher as the concentration of
supplemented C. tricuspidata powder increased, possibly due to the various pigments, such as
carotenoids and anthocyanins, in C. tricuspidata. The odor scores of all the fermented milk supplemented
with C. tricuspidata were higher than the control. However, the sourness, taste, and texture scores of
fermented milk with the C. tricuspidata supplement exhibited different patterns. The fermented milk
sample supplemented with 0.5% C. tricuspidata powder obtained the highest score in sourness and
taste; however, higher concentrations of C. tricuspidata negatively impacted these scores due to the
increase in malic acid concentration (Table 3). The supplementation C. tricuspidata powder also lowered
the texture scores; only the fermented milk supplemented with 0.5% of C. tricuspidata powder was
similar to the control. In overall preference, fermented milk supplemented with 0.5% of C. tricuspidata
powder obtained the highest score. Of all the sensory properties, except for texture, the fermented
milk supplemented with 1% of C. tricuspidata powder was not significantly different from the control
even though it obtained lower sourness and taste scores. Therefore, the fermented milk supplemented
with 0.5% of C. tricuspidata powder had the highest consumer preference. Moreover, fermented milk
supplemented with 1% of C. tricuspidata powder can also be considered as a potential functional food
for the health-conscious consumers since it contains 1.5–3 times higher antioxidant activities and
2–3 times higher antimutagenic activities than the control fermented milk.

Table 7. Sensory evaluation of fermented milk supplemented with Cudrania tricuspidata powder.

Sensory Property
Cudrania tricuspidata Powder Content (%, w/w)

0 0.5 1 2 3

Color 3.60 ± 1.28 b 4.15 ± 1.24 b 4.90 ± 1.70 ab 5.50 ± 1.71 a 5.40 ± 1.86 a

Odor 4.30 ± 1.23 b 4.80 ± 0.91 ab 4.60 ± 1.12 ab 4.70 ± 1.29 ab 5.20 ± 1.33 a

Sourness 4.40 ± 1.62 a 4.60 ± 1.42 a 3.75 ± 1.25 ab 3.10 ± 1.25 bc 2.35 ± 1.04 c

Taste 4.30 ± 1.25 a 4.45 ± 1.22 a 3.95 ± 1.22 ab 3.50 ± 1.24 b 3.05 ± 1.28 b

Texture 5.35 ± 1.41 a 4.85 ± 1.31 a 3.65 ± 1.19 b 2.65 ± 1.14 c 2.15 ± 1.01 c

Overall preference 4.15 ± 1.26 a 4.30 ± 1.05 a 3.55 ± 1.12 ab 3.10 ± 1.25 b 2.70 ± 1.09 b

a–c Different letters within the same column indicate a significant difference (p < 0.05). All data are expressed as the
mean ± SD (n = 3).
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4. Conclusions

In the present study, we evaluated various physicochemical and functional properties of fermented
milk supplemented with C. tricuspidata and found that bioactive compounds, such as total phenolic and
flavonoid contents of fermented milk, were increased by the addition of C. tricuspidata powder. Moreover,
sensory evaluation was performed to determine the appropriate concentration of supplemented
C. tricuspidata powder for optimal consumer preference. Various antioxidant activities, including
DPPH radical scavenging, ABTS radical scavenging, and FRAP activities, and antimutagenic activity,
were significantly enhanced as the concentration of supplemented C. tricuspidata powder increased.
In sensory evaluation, color scores of fermented milk samples were raised with the increase in
C. tricuspidata concentration. However, most sensory parameter scores such as sourness, taste, texture,
and overall preference dramatically declined as the concentration of C. tricuspidata reached or exceeded
2%. Therefore, supplementing C. tricuspidata powder at 0.5% or 1% may be more acceptable to
consumers while still providing good functional properties. Further in vivo study will prove the
enhanced functionalities of fermented milk supplemented with C. tricuspidata powder.

Author Contributions: Conceptualization, S.-B.L., B.C. and H.-D.P.; methodology, S.-B.L. and B.C.; software,
S.-B.L.; validation, S.-B.L., B.C. and H.-D.P.; formal analysis, S.-B.L.; investigation, S.-B.L. and B.C.; resources,
S.-B.L. and B.C.; data curation, S.-B.L. and B.C.; writing—original draft preparation, S.-B.L.; writing—review and
editing, S.-B.L. and H.-D.P.; visualization, S.-B.L.; supervision, H.-D.P.; project administration, H.-D.P.; funding
acquisition, H.-D.P. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the Rural Development Administration, Republic of Korea (Research
grant PJ014550022020).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Nguyen, L.; Hwang, E.S. Quality characteristics and antioxidant activity of yogurt supplemented with aronia
(Aronia melanocarpa) juice. Prev. Nutr. Food Sci. 2016, 21, 330–337. [CrossRef] [PubMed]

2. Granato, D.; Branco, G.F.; Cruz, A.G.; Faria, J.A.F.; Shah, N.P. Probiotic dairy products as functional foods.
Compr. Rev. Food Sci. Food Saf. 2010, 9, 455–470. [CrossRef]

3. Muniandy, P.; Shori, A.B.; Baba, A.S. Influence of green, white and black tea addition on the antioxidant
activity of probiotic yogurt during refrigerated storage. Food Packag. Shelf Life 2016, 8, 1–8. [CrossRef]

4. Gahruie, H.H.; Eskandari, M.H.; Mesbahi, G.; Hanifpour, M.A. Scientific and technical aspects of yogurt
fortification: A review. Food Sci. Hum. Wellness 2015, 4, 1–8. [CrossRef]

5. Elfahri, K.R.; Vasiljevic, T.; Yeager, T.; Donkor, O.N. Anti-colon cancer and antioxidant activities of bovine
skim milk fermented by selected Lactobacillus helveticus strains. J. Dairy Sci. 2016, 99, 31–40. [CrossRef]
[PubMed]

6. Perego, S.; Cosentino, S.; Fiorilli, A.; Tettamanti, G.; Ferraretto, A. Casein phosphopeptides modulate
proliferation and apoptosis in HT-29 cell line through their interaction with voltage-operated L-type calcium
channels. J. Nutr. Biochem. 2012, 23, 808–816. [CrossRef]

7. Zhou, J.; Zhao, M.; Tang, Y.; Wang, J.; Wei, C.; Gu, F.; Lei, T.; Chen, Z.; Qin, Y. The milk-derived fusion
peptide, ACFP, suppresses the growth of primary human ovarian cancer cells by regulating apoptotic gene
expression and signaling pathways. BMC Cancer 2016, 16, 246. [CrossRef]

8. Seppo, L.; Jauhiainen, T.; Poussa, T.; Korpela, R. A fermented milk high in bioactive peptides has a blood
pressure–lowering effect in hypertensive subjects. Am. J. Clin. Nutr. 2003, 77, 326–330. [CrossRef]

9. Beltrán-Barrientos, L.M.; González-Córdova, A.F.; Hernández-Mendoza, A.; Torres-Inguanzo, E.H.;
Astiazarán-García, H.; Esparza-Romero, J.; Vallejo-Cordoba, B. Randomized double-blind controlled clinical
trial of the blood pressure–lowering effect of fermented milk with Lactococcus lactis: A pilot study. J. Dairy Sci.
2018, 101, 2819–2825. [CrossRef]

10. Barengolts, E.; Smith, E.D.; Reutrakul, S.; Tonucci, L.; Anothaisintawee, T. The effect of probiotic yogurt
on glycemic control in type 2 diabetes or obesity: A meta–analysis of nine randomized controlled trials.
Nutrients 2019, 11, 671. [CrossRef]

http://dx.doi.org/10.3746/pnf.2016.21.4.330
http://www.ncbi.nlm.nih.gov/pubmed/28078255
http://dx.doi.org/10.1111/j.1541-4337.2010.00120.x
http://dx.doi.org/10.1016/j.fpsl.2016.02.002
http://dx.doi.org/10.1016/j.fshw.2015.03.002
http://dx.doi.org/10.3168/jds.2015-10160
http://www.ncbi.nlm.nih.gov/pubmed/26601580
http://dx.doi.org/10.1016/j.jnutbio.2011.04.004
http://dx.doi.org/10.1186/s12885-016-2281-6
http://dx.doi.org/10.1093/ajcn/77.2.326
http://dx.doi.org/10.3168/jds.2017-13189
http://dx.doi.org/10.3390/nu11030671


Foods 2020, 9, 1762 11 of 14

11. Sato, J.; Kanazawa, A.; Azuma, K.; Ikeda, F.; Goto, H.; Komiya, K.; Kanno, R.; Tamura, Y.; Asahara, T.;
Takahashi, T.; et al. Probiotic reduces bacterial translocation in type 2 diabetes mellitus: A randomised
controlled study. Sci. Rep. 2017, 7, 12115. [CrossRef] [PubMed]

12. Abdel-Hamid, M.; Romeih, E.; Huang, Z.; Enomoto, T.; Huang, L.; Li, L. Bioactive properties of probiotic
set-yogurt supplemented with Siraitia grosvenorii fruit extract. Food Chem. 2020, 303, 125400. [CrossRef]
[PubMed]

13. Kim, S.Y.; Hyeonbin, O.; Lee, P.; Kim, Y.S. The quality characteristics, antioxidant activity, and sensory
evaluation of reduced-fat yogurt and nonfat yogurt supplemented with basil seed gum as a fat substitute.
J. Dairy Sci. 2020, 103, 1324–1336. [CrossRef] [PubMed]

14. Yeo, S.B.; Yeo, S.H.; Park, H.D. Quality characteristics, antioxidant activity and storage properties of fermented
milk added with green tea powder. Korean J. Food Preserv. 2017, 24, 576–584. [CrossRef]

15. Sah, B.N.P.; Vasiljevic, T.; McKechnie, S.; Donkor, O.N. Effect of refrigerated storage on probiotic viability
and the production and stability of antimutagenic and antioxidant peptides in yogurt supplemented with
pineapple peel. J. Dairy Sci. 2015, 98, 5905–5916. [CrossRef] [PubMed]

16. Oh, N.S.; Lee, J.Y.; Oh, S.; Joung, J.Y.; Kim, S.G.; Shin, Y.K.; Lee, K.W.; Kim, S.H.; Kim, Y. Improved
functionality of fermented milk is mediated by the symbiotic interaction between Cudrania tricuspidata leaf
extract and Lactobacillus gasseri strains. Appl. Microbiol. Biotechnol. 2016, 100, 5919–5932. [CrossRef]

17. Li, X.; Yao, Z.; Jiang, X.; Sun, J.; Ran, G.; Yang, X.; Zhao, Y.; Yan, Y.; Chen, Z.; Tian, L.; et al. Bioactive
compounds from Cudrania tricuspidata: A natural anticancer source. Crit. Rev. Food Sci. Nutr. 2020, 60,
494–514. [CrossRef]

18. Lee, S.B.; Shin, J.S.; Han, H.S.; Lee, H.H.; Park, J.C.; Lee, K.T. Kaempferol 7-O-β-D-glucoside isolated from the
leaves of Cudrania tricuspidata inhibits LPS-induced expression of pro-inflammatory mediators expression of
pro-inflammatory mediators through inactivation of NF-kB, AP-1, and JAK-STAT in RAW 264.7 macrophages.
Chem. Biol. Interact. 2018, 284, 101–111. [CrossRef]

19. Ko, W.; Kim, K.W.; Quang, T.H.; Yoon, C.S.; Kim, N.; Lee, H.; Kim, S.C.; Woo, E.R.; Kim, Y.C.; Oh, H.; et al.
Cudraflavanone B Isolated from the Root Bark of Cudrania tricuspidata Alleviates Lipopolysaccharide-induced
Inflammatory Responses by Downregulating NF-kB and ERK MARK Signaling Pathways in RAW264.7
Macrophages and BV2 Microglia. Inflammation. 2020. Available online: http://link.springer.com/article/10.
1007/s10753-020-01312-y (accessed on 6 August 2020).

20. Jeon, S.M.; Lee, D.S.; Jeong, G.S. Cudraticusxanthone A isolated from the roots of Cudrania tricuspidata inhibits
metastasis and induces apoptosis in breast cancer cells. J. Ethnopharmacol. 2016, 193, 57–62. [CrossRef]

21. Kuang, L.; Wang, L.; Wang, Q.; Zhao, Q.; Du, B.; Li, D.; Luo, J.; Liu, M.; Hou, A.; Qian, M. Cudratricusxanthone
G inhibits human colorectal carcinoma cell invasion by MMP-2 down-regulation through suppressing
activator protein-1 activity. Biochem. Pharmacol. 2011, 81, 1192–1200. [CrossRef]

22. An, R.B.; Sohn, D.H.; Kim, Y.C. Hepatoprotective compounds of the roots of Cudrania tricuspidata on
tacrine-induced cytotoxicity in Hep G2 cells. Biol. Pharm. Bull. 2006, 29, 838–840. [CrossRef] [PubMed]

23. Tian, Y.H.; Kim, H.C.; Cui, J.M.; Kim, Y.C. Hepatoprotective constituents of Cudrania tricuspidata.
Arch. Pharm. Res. 2005, 28, 44–48. [CrossRef] [PubMed]

24. Ko, W.; Yoon, C.S.; Kim, K.W.; Lee, H.; Kim, N.; Woo, E.R.; Kim, Y.C.; Kang, D.G.; Lee, H.S.; Oh, H.; et al.
Neuroprotective and anti-inflammatory effects of Kuwanon C from Cudrania tricuspidata are mediated by
heme oxygenase-1 in HT22 hippocampal cells, RAW264.7 macrophage, and BV2 microglia. Int. J. Mol. Sci.
2020, 21, 4839. [CrossRef] [PubMed]

25. Kwon, J.; Hiep, N.T.; Kim, D.W.; Hwang, B.Y.; Lee, H.J.; Mar, W.; Lee, D. Neuroprotective xanthones from the
root bark of Cudrania tricuspidata. J. Nat. Prod. 2014, 77, 1893–1901. [CrossRef] [PubMed]

26. Yoo, H.; Ku, S.K.; Lee, W.; Kwak, S.; Baek, Y.D.; Min, B.W.; Jeong, G.S.; Bae, J.S. Antiplatelet, anticoagulant,
and profibrinolytic activities of cudratricusxanthone A. Arch. Pharm. Res. 2014, 37, 1069–1078. [CrossRef]

27. Lee, J.H.; Lee, B.W.; Kim, J.H.; Seo, W.D.; Jang, K.C.; Park, K.H. Antioxidant effects of isoflavones from the
stem bark of Cudrania tricuspidata. Agric. Chem. Biotechnol. 2005, 48, 193–197.

28. Seo, W.G.; Pae, H.O.; Oh, G.S.; Chai, K.Y.; Yun, Y.G.; Chung, H.T.; Jang, K.K.; Kwon, T.O. Ethyl acetate extract
of the stem bark of Cudrania tricuspidata induces apoptosis in human leukemia HL-60 cells. Am. J. Chin. Med.
2001, 29, 313–320. [CrossRef]

http://dx.doi.org/10.1038/s41598-017-12535-9
http://www.ncbi.nlm.nih.gov/pubmed/28935921
http://dx.doi.org/10.1016/j.foodchem.2019.125400
http://www.ncbi.nlm.nih.gov/pubmed/31470275
http://dx.doi.org/10.3168/jds.2019-17117
http://www.ncbi.nlm.nih.gov/pubmed/31785875
http://dx.doi.org/10.11002/kjfp.2017.24.5.576
http://dx.doi.org/10.3168/jds.2015-9450
http://www.ncbi.nlm.nih.gov/pubmed/26142843
http://dx.doi.org/10.1007/s00253-016-7414-y
http://dx.doi.org/10.1080/10408398.2018.1541866
http://dx.doi.org/10.1016/j.cbi.2018.02.022
http://link.springer.com/article/10.1007/s10753-020-01312-y
http://link.springer.com/article/10.1007/s10753-020-01312-y
http://dx.doi.org/10.1016/j.jep.2016.08.042
http://dx.doi.org/10.1016/j.bcp.2011.02.017
http://dx.doi.org/10.1248/bpb.29.838
http://www.ncbi.nlm.nih.gov/pubmed/16595932
http://dx.doi.org/10.1007/BF02975134
http://www.ncbi.nlm.nih.gov/pubmed/15742807
http://dx.doi.org/10.3390/ijms21144839
http://www.ncbi.nlm.nih.gov/pubmed/32650596
http://dx.doi.org/10.1021/np500364x
http://www.ncbi.nlm.nih.gov/pubmed/25051453
http://dx.doi.org/10.1007/s12272-013-0290-4
http://dx.doi.org/10.1142/S0192415X01000332


Foods 2020, 9, 1762 12 of 14

29. Han, X.H.; Hong, S.S.; Jin, Q.; Li, D.; Kim, H.K.; Lee, J.; Kwon, S.H.; Lee, D.; Lee, C.K.; Lee, M.K.; et al.
Prenylated and benzylated flavonoids from the fruits of Cudrania tricuspidata. J. Nat. Prod. 2009, 72, 164–167.
[CrossRef]

30. Choi, J.H.; Park, S.E.; Yeo, S.H.; Kim, S. Anti-inflammatory and cytotoxicity effects of Cudrania tricuspidata
fruits vinegar in a co-culture system with RAW264.7 macrophages and 3T3-L1 adipocytes. Foods 2020, 9,
1232. [CrossRef]

31. Lee, J.H.; Choi, I.S. Physicochemical characteristics and consumer acceptance of puddings fortified with
Cudrania tricuspidata and Aronia melanocarpa extracts. Food Sci. Nutr. 2020, 8, 4936–4943. [CrossRef]

32. Kim, G.H.; Kim, E. Antioxidative activities and inhibitory effects on lipid accumulation of extracts from
different parts of Morus alba and Cudrania tricuspidata. Korean J. Food Nutr. 2019, 32, 138–147.

33. Kim, O.K.; Ho, J.N.; Nam, D.E.; Jun, W.; Hwang, K.T.; Kang, J.E.; Chae, O.S.; Lee, J. Hepatoprotective effect
of Curdrania tricuspidata extracts against oxidative damage. J. Korean Soc. Food Sci. Nutr. 2012, 41, 7–13.
[CrossRef]

34. Kim, H.; Chin, K.B. Evaluation of Antioxidant Potential of Cudrania tricuspidata (CT) Leaves, Fruit Powder
and CT Fruit in Pork Patties during Storage. Food Sci. Anim. Resour. 2020. Available online: https:
//www.kosfaj.org/archive/view_article?pid=kosfa-2020-e56 (accessed on 22 July 2020).

35. Oh, N.S.; Lee, J.Y.; Joung, J.Y.; Kim, K.S.; Shin, Y.K.; Lee, K.W.; Kim, S.H.; Oh, S.; Kim, Y. Microbiological
characterization and functionality of set-type yogurt fermented with potential prebiotic substrates
Cudrania tricuspidata and Morus alba L. leaf extracts. J. Dairy Sci. 2016, 99, 6014–6015. [CrossRef] [PubMed]
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