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Abstract: Various types of vinegars have been developed as interest in their health benefits has in-
creased. In this study, we prepared Jeju citrus blended vinegars (CBVs) by mixing premature man-
darin vinegar and mandarin vinegar, with mandarin vinegar used as a control. The physicochemical
properties of the vinegars, including pH, total acidity, and sugar content was determined. Moreover,
antioxidant, anti-obesity, and anti-aging activities of the vinegars were investigated. Physicochem-
ical analysis revealed that the CBVs had a pH similar to that of mandarin vinegar, whereas CBVs
with relatively high premature mandarin vinegar content showed higher acidity and lower sugar
content (p < 0.05). Moreover, the antioxidant activities and phenol contents of CBVs were signifi-
cantly higher than those of mandarin vinegar (p < 0.05). Meanwhile, CBVs showed significantly
decreased intracellular triglyceride, lipid accumulation, and anti-obesity related gene levels (p <
0.05), thereby highlighting their anti-obesity activity. In addition, CBVs showed anti-aging activity
by increasing cell viability and cell lifespan, while decreasing the expression of senescence-related
genes under H2Oz-induced oxidative stress. Therefore, CBVs may be useful as a functional food
with antioxidant, anti-obesity, and anti-aging effects in various food fields.

Keywords: citrus blended vinegar; mandarin; premature mandarin; antioxidant; anti-aging;
anti-obesity

1. Introduction

Vinegar is a well-known fermented food product that commonly contains 5-8% ace-
tic acid and trace chemicals. Vinegar is typically produced in a two-step fermentation pro-
cess [1]. Initially, the sugars contained in the source material are converted to alcohol by
yeast, which is then exposed to oxygen and fermented with acetic acid bacteria, leading
to the generation of vinegar [2]. Recently, blended vinegar has been widely developed
and evaluated. Blending is a widespread technique employed for the production of fer-
mented foods, such as wine and vinegar, to improve the sensory properties and function-
ality of the final product by mixing of different varieties [3-5]. For instance, sugarcane
blended apple vinegar has been shown to have higher nutritional and antioxidant activi-
ties compared with apple vinegar alone [3]. According to Zhang et al., coating ready-to-
cook pork chops with chitosan blended bamboo vinegar has antioxidant and antimicro-
bial effects [4]. Thus, blended vinegar is expected to increase nutritional contents of food
and improve their health-associated benefits.

Antioxidant [6], anti-diabetic [7], anti-obesity [8], anti-hypertensive [9], and choles-
terol-lowering effects [10] have been reported as beneficial health effects of vinegar. For
instance, Budak and Guzel-Seydim reported that the oxygen radical absorbance capacity
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and Trolox equivalent antioxidant capacity of traditional vinegar were higher than those
of commercial vinegar [6]. Moreover, in a study of the anti-obesity effects of vinegar, in-
take of apple cider vinegar reduced lipid levels in subjects with high-fat diet-induced ste-
atosis [8]. Based on these studies, citrus blended vinegars (CBVs) may have similar health
effects.

Citrus fruits, such as mandarin, orange, lime, and lemon, are well known for their
various beneficial health properties including antioxidant [11] and anti-obesity effects
[12]. In South Korea, mandarin (Citrus unshiu) is grown on Jeju Island and is the most
widely consumed citrus fruit. Most mandarins are harvested when ripe; however, both
the cultivation and consumption of premature fruits have increased in recent years, as
premature mandarin contains higher levels of dietary fiber, organic acids, polyphenols,
and flavonoids [13]. Indeed, various citrus vinegars have been reported; however, most
of these studies have focused on microbial fermentation [14] with only a single study [15]
using mandarin as a raw material. Hence, few studies on CBV have been reported.

In this study, we developed CBVs with different blending ratios based on mandarin
vinegar (MV). We aimed to investigate whether CBVs exhibit antioxidant, anti-aging, and
anti-obesity activities. Initially, we investigated their physicochemical characteristics such
as pH, total acidity, and sugar content. Antioxidant activities were also analyzed. Moreo-
ver, 3T3-L1 and WI-38 cells were employed to assess the anti-obesity and anti-aging ac-
tivities, respectively.

2. Materials and Methods
2.1. Materials

Mandarin, premature mandarin, mandarin concentrates, and premature mandarin
concentrates were purchased from local markets (Jeju Island, Korea). Their properties
were as follows: mandarin, 12-13° Brix, pH 4.5-4.8; premature mandarin, 7-8° Brix, pH
3.7-3.9; mandarin concentrates, 60° Brix, pH 4.4-4.6; premature mandarin concentrates,
60° Brix, pH 3.4-3.5. The KCCM11304 strain of Saccharomyces cerevisiae was obtained from
the Korean Culture Center of Microorganisms (Seoul, Korea), and KFCC11858P Acetobac-
ter pasteurianus was obtained from the registered strains of the Korean Federation of Cul-
ture Collections (Seoul, Korea). Folin-Ciocalteu’s phenol reagent, gallic acid, vitamin C,
oil red O (ORO) solution, 3-isobutyl-1-methylxanthine (IBMX), dexamethasone, insulin,
chloroform, methanol, ethanol, and formalin were purchased from Sigma Aldrich (St.
Louis, MO, USA). Dulbecco’s modified Eagle’s medium (DMEM) and Dulbecco’s phos-
phate-buffered saline (DPBS) were purchased from Welgen Inc. (Daegu, Korea). Fetal calf
serum, fetal bovine serum (FBS), and penicillin/streptomycin were purchased from
GIBCO (Invitrogen, Detroit, MI, USA). Na2COs was purchased from Duksan Pure Chem-
ical Co., Ltd. (Ansan, Korea). The cell counting kit-8 (CCK-8) was purchased from Dojindo
(Kumamoto, Japan). Finally, the TOPScript™ cDNA synthesis kit and TOPreal™ qPCR 2X
PreMIX (SYBR Green with low ROX) were purchased from Enzynomics (Seoul, Korea).

2.2. Preparation of CBVs

CBVs were prepared by mixing MV and premature mandarin vinegar (PMV) in pro-
portions. Both MV and PMV were prepared in a two-step fermentation process (alcohol
and acetic acid) as follows. Mandarin and premature mandarin were washed with run-
ning water and then crushed to extract the juice. In MV, 66.7% juice and 33.3% mandarin
concentrate were mixed, whereas PMV was mixed at 55.6% and 44.4%, with a final 24°
Brix sugar content. Saccharomyces cerevisiae was inoculated at 5% (v/v), and alcohol fermen-
tation was performed at 25-26 °C for 7 days. After alcohol fermentation, mandarin and
premature mandarin wines were filtered (180 mesh), and their alcohol content was diluted
to 7% (v/v). Subsequently, 10% (v/v) of the A. pasteurianus was inoculated in diluted wines,
cultured at 120 rpm and 29-30 °C for 15 days, and then filtered (0.22 um). CBVs were
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prepared by blending MV and PMV in a ratio of 8:2 (CBV1) or 7:3 (CBV2) and then stored
at 4 °C until use.

2.3. Analysis of Physiochemical Characteristics of CBVs

The pH of the samples was measured with a pH meter (TitroLine 5000; SI Analytics
GmbH, Mainz, Germany); the samples were titrated with 0.1 N NaOH solution until a pH
of 8.35 was reached. The titration value (mL) was converted to the acetic acid content (%).
The sugar content was measured with a digital sugar meter (SCM-1000, Hm Digital, Seoul,
Korea). Alcohol content was calculated by centrifuging (7989 g, 15 min, 4 °C) the wine
and vinegar samples, distilling 100 mL of the supernatant, and measuring with a hydrom-
eter (211-DK-12, Daekwang, Seoul, Korea) at 15 °C; the value was converted to the alcohol
content by using the Gay Lussac Table.

2.4. Analysis of Anti-Oxidant Activities of CBVs
2.4.1. Total Phenol Content Analysis

The total phenol content (TPC) was measured using the Folin-Denis method [16].
Samples were initially mixed with Folin—Ciocalteu’s phenol reagent for 1 min, after which
5% Na2COs was added. The samples were reacted in the dark for 1 h and absorbance was
measured at 725 nm (SPECTROstar Nano, BMG Labtech, Ortenberg, Germany). The TPC
value was expressed as 1 ug of gallic acid equivalent per mL of sample (ug GAE/mL)
based on a calibration curve prepared using gallic acid as a standard.

2.4.2. Analysis of 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Radical Scavenging Activity

The DPPH radical scavenging activity was measured as described previously [17].
Samples were reacted with 60 uM DPPH solution for 30 min in the dark, and absorbance
was measured at 515 nm. Vitamin C was used as a positive control. Radical scavenging
capacity was defined as the percentage (%) of the difference in absorbance between the
sample and blank. We calculated the concentration of samples required to reduce the ca-
pacity for DPPH radical scavenging and DPPH radical absorbance by 50% (ECso). The
maximum effective concentration was 50 nL/mL.

2.5. Analysis of Anti-Obesity Activities of CBVs
2.5.1. Cell Culture

3T3-L1 cells purchased from the Korean Cell Line Bank (Seoul, Korea) were grown
in DMEM containing 10% FBS and 1% penicillin/streptomycin until the cells reached con-
fluence.

2.5.2. Cell Viability Analysis

Cell viability was analyzed using the CCK-8 kit. 3T3-L1 cells were grown at a con-
centration of 1 x 104 cells/well and treated with MV, CBV1, or CBV2 (1/2000, 1/1000, 1/500,
and 1/100 dilution) for 24 h. After washing with DPBS, the cells were incubated with 20
uL of CCK-8 solution for 3 h. Absorbance was measured at 450 nm.

2.5.3. Intracellular Triglyceride Analysis

We differentiated 3T3-L1 preadipocytes in MD1 media (DMEM containing 10% FBS,
0.5 mM IBMX, 1 uM dexamethasone, and 5 pg/mL insulin) for 2 days. Thereafter, 3T3-L1
adipocytes were incubated in MD2 media (10% FBS and 5 pg/mL of insulin) for 8 days.
To measure intracellular triglycerides, 3T3-L1 adipocytes were incubated with 750 uL of
solvent mixture (chloroform/methanol/H20 mixture, 8:4:3, v/v/v) at 37 °C for 60 min. After
centrifugation at 4000x g at 4 °C for 10 min, the bottom organic layer was obtained and
dried overnight. Extracted lipids were dissolved in 20 pL of ethanol and triglyceride levels
were determined using an enzyme reaction kit (Asan Pharmaceutical, Seoul, Korea).
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2.5.4. Oil Red O (ORO) Staining and Quantification

To investigate the inhibition of lipid accumulation, ORO staining was performed.
After fixation in 10% formalin for 30 min, 3T3-L1 adipocytes were washed with DPBS and
stained with ORO solution for 15 min. Stained cells were captured and stained ORO in
cells were dissolved with isopropanol to quantify. The absorbance was read at 510 nm.

2.5.5. Anti-Obesity Related Biomarker Analysis (Real-Time PCR)

As mentioned above, 3T3-L1 preadipocytes were differentiated in MD1 media for 2
days with MV, CBV1, or CBV2 (1/100 dilution). Thereafter, 3T3-L1 adipocytes were incu-
bated in MD2 media for 8 days. Total RNA was extracted using Trizol (Invitrogen, Carls-
bad, CA, USA). cDNA was synthesized with 1 pg/mL total RNA using a TOPScript™
cDNA synthesis kit. PCR was then performed with 10 uL of SYBR Green Premix, 0.5 uL
of each primer (Supplementary Table S1), and 9 puL of cDNA (1/50 dilution). PCR ampli-
fication was conducted with enzyme activation at 94 °C for 10 min, followed by 45 cycles
of denaturation at 94 °C for 15 s, and annealing and extension at 60 °C for 1 min each. The
Ct value for each gene was normalized to that of GAPDH or -actin.

2.6. Analysis of Anti-Aging Activities of CBVs
2.6.1. Cell Culture

WI-38 cells, which are human normal embryonic lung-derived diploid fibroblasts
(population doubling level, 23), were purchased from the Korean Cell Line Bank and
grown in DMEM containing 10% FBS and 1% penicillin/streptomycin until reaching con-
fluence.

2.6.2. Cell Viability Analysis

WI-38 cells were grown at 1 x 10* cells/well and treated with MV, CBV1, or CBV2
(1/2000, 1/1000, 1/500, and 1/100 dilution) for 24 h. To induce acute oxidative stress, WI-38
cells were pretreated with 50 uM H20: for 1 h. After washing with DPBS, the cells were
incubated with 20 puL of CCK-8 solution for 3 h. Absorbance was measured at 450 nm.

2.6.3. Cell Lifespan Analysis

Cell lifespan was evaluated by quantifying the population doubling level (PDL). WI-
38 cells were grown at 1 x 10° cells/well and treated with MV, CBV1, or CBV2 (1/100 dilu-
tion) for 24 h after pretreatment with 50 pM H20: for 1 h to induce acute oxidative stress.
Each PDL was calculated as follows: current PDL = last PDL + log2 (collected cell num-
ber/seeded cell number).

2.6.4. Anti-Aging-Related Biomarker Analysis (Real-Time PCR)

WI-38 cells at 2 x 10° cells/well were treated with 50 pM H:0: for 1 h, followed by
treatment with MV, CBV1, or CBV2 (1/100 dilution) for 24 h. Total RNA was extracted
from WI-38 cells using Trizol. cDNA was synthesized with 1 ug/mL total RNA using a
TOPScript™ cDNA synthesis kit. PCR was performed with 10 uL of SYBR Green Premix,
0.5 pL of each primer (Table 1) and 9 pL of cDNA (1/50 dilution). PCR amplification was
conducted with enzyme activation at 94 °C for 10 min, followed by 45 cycles of denatura-
tion at 94 °C for 15 s and annealing and extension at 60 °C for 1 min each. The Ct value for
each gene was normalized with that of -actin.
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Table 1. Physicochemical characteristics of citrus blend vinegar.
Characteristic MV CBV1 CBV2
pH 345+0.11~ 3.37+£0.40 2 346+0.192
Total acidity (%) 4.69+0.11" 5.04+£0.20 2 540+0.222
Sugar content (%) 68.40 +0.00 2 54.93+0.23°b 53.60 + 0.00 ©

Data are expressed as the mean + SD. Lowercase letters indicate significant differences among
groups (p <0.05).

2.7. Statistical Analysis

Data are presented as the mean + standard deviation (SD). Statistical significance was
analyzed by one-way analysis of variance using GraphPad Prism 7 software (GraphPad,
Inc., San Diego, CA, USA). p values < 0.05 were considered as statistically significant.

3. Results and Discussion
3.1. Physiochemical Characteristics of CBVs

Mandarin and premature mandarin wines showed similar fermentation rates, and
the alcohol content was 12.8% and 13.0%, respectively (Figure 1a). During acetic acid fer-
mentation, the fermentation rate of PMV was faster than that of MV, with 6% acidity
reached on day 12. The final total acid content of PMV was 6.3%, which was higher than
the 5.8% obtained for MV (Figure 1b). These results suggest that the acidity of the imma-
ture citrus juice samples was higher than that of the mature samples, which is similar to
results reported by Yi et al. [18].
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Figure 1. The two-stage fermentation for the production of MV and PMV vinegars. (a) Changes in
sugar and alcohol content during alcohol fermentation. (b) Changes in alcohol content and total
acidity during acetic acid fermentation. Data are expressed as mean + SD.

Evaluation of the physicochemical properties of CBVs revealed no significant differ-
ence in the pH of MV, CBV1, and CBV2, with an average value of 3.46 (Table 1). CBV2
showed the highest total acidity of 5.40% compared with MV (4.69%). The sugar content
of MV was highest among the samples, at 68.40%. Song et al. reported that the sugar con-
tent increases as citrus fruits mature, which is closely related to the sweetness of fruit. In
this study, the sugar content decreased when increasing amounts of PMV were added to
CBV [19].

3.2. Antioxidant Activities of CBVs

Polyphenolic compounds, such as flavonoids, anthocyanin, tannin, and catechin, are
widely distributed in plants such as fruits and leafy vegetables. Phenolic compounds in-
clude phenols, phenolic acids, flavonoids, and phenylpropanoids, which show anti-aller-
gic, anti-bacterial, antioxidant, and hyperlipidemic properties [20]. The TPC of CBVs was
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shown to be significantly higher than that of MV (Figure 2a, p < 0.05). Particularly, the
TPC of CBV2 showed the highest value at 1.63 ug GAE/mL, which was 1.5-fold greater
than that of MV. According to previous studies, the chemical content of the raw material
used to prepare vinegar influences the TPC of the vinegar [21,22]. TPC was higher than
our results; however, similar to our results, TPC of vinegar with immature Citrus unshiu
showed higher value than that of vinegar with mature Citrus ushiu [21]. In this study, the
high TPC value of CBVs increased with the addition of PMV.

As shown in Figure 2b, the ECso values were lower than that of vitamin C in all sam-
ples. Particularly, CBV2 showed the lowest ECso value at 30.22 nL/mL. Accordingly, the
ECso values of CBV1 and CBV2 were significantly higher than those of MV (p < 0.05), in-
dicating higher antioxidant activity. According to Ousaaid et al., the DPPH value of apple
vinegar was higher than that of our result at 0.74 + 0.154 uL/mL [23]. As previously re-
ported, immature citrus fruits contain more organic acids, polyphenols, and flavonoids
than mature fruits [18]. Notably, the pericarp contains larger quantities of physiologically
active ingredients, such as essential oils, carotenoids, and flavonoids [12]. Additionally,
the high TPC in fruits has been reported to be closely related to their DPPH radical scav-
enging activity [24,25]. Consistent with previous reports [25], CBVs with high TPC exhib-
ited high DPPH radical scavenging activity. Based on these results, CBVs with a high PMV
content may have high antioxidant activity.

(@ (b)

...
wm

=

—

8

DPPH ECs, (nL/mL)
N
(=]

Total phenol content
(ng/ GAE/mg)

14
173

MV CBV1 CBV2 MV CBV1 CBV2
Figure 2. Antioxidant activities of citrus blended vinegars. (a) Total phenol content. (b) 2,2-diphe-
nyl-1-picrylhydrazyl radical scavenging activity. Data are expressed as the mean + SD. Lowercase
letters indicate significant differences between groups (p < 0.05). MV —mandarin vinegar; CBV1—
blended mandarin vinegar and premature mandarin vinegar in a ratio of 8:2; CBV2—blended man-
darin vinegar and premature mandarin vinegar in a ratio of 7:3.

3.3. Anti-Obesity Activities of CBV's

As shown in Figure 3a, cell viability was higher than 96%, indicating low cytotoxicity
in all experimental groups. Similarly, Park et al. found that lyophilized dropwort vinegar
powder had low cytotoxicity in 3T3-L1 cells [26].
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Figure 3. Anti-obesity activities of CBVs in 3T3-L1 cells. (a) Cytotoxicity. (b) Concentration of intra-
cellular triglycerides. (c) Oil red O staining. (d) Quantification of Oil red O staining. Data are ex-
pressed as the mean + SD. Lowercase letters indicate significant differences between groups (p <
0.05). MV —mandarin vinegar; CBV1—blended mandarin vinegar and premature mandarin vinegar

in a ratio of 8:2; CBV2—blended mandarin vinegar and premature mandarin vinegar in a ratio of
7:3.

The intracellular triglyceride concentration in all CBVs decreased in a dose-depend-
ent-manner (Figure 3b). Specifically, the triglyceride concentration of CBV2 at 1/100 dilu-
tion was the lowest at 136.12 mg/dL, which was 65% that of MV (209.82 mg/dL). The tri-
glyceride-lowering effect of various vinegars in 3T3-L1 cells has been reported previously
[27,28]. According to Lee et al., tomato vinegar significantly reduces the triglyceride con-
tent by 45.71% compared with controls (p <0.01) [27]. These results indicate that the proper
blending of citrus vinegar can lower triglyceride levels, promoting anti-obesity effects.

In ORO results, CBVs significantly inhibited lipid accumulation in 3T3-L1 adipocytes
(Figure 3c). Similarly, Figure 3d shows the dose dependency of CBVs and significantly
decreased number of ORO-stained cells compared with that in controls (p < 0.05). Con-
sistent with our triglyceride results, CBV2 at 1/100 dilution showed strong inhibition of
lipid accumulation compared with MV. Similarly, Son et al. reported that spirit vinegar
and natural fermented vinegar products strongly inhibit lipid accumulation in a dose-
dependent manner [29]. These results demonstrate the anti-obesity activities of CBVs in
3T3-L1 cells.

To confirm the anti-obesity effect of CBVs, adipogenic and lipogenic genes associated
with obesity were measured using quantitative real-time PCR. According to the previous
studies, adipocyte fatty acid binding protein (aP2), CCAAT/enhancer binding protein «
(C/EBPa), and peroxisome proliferator-activated receptor y (PPARy) are known to induce
adipogenic differentiation gene expression as transcription factors [30], while sterol regu-
latory element binding protein (SREBP-1c) and fatty acid synthase (FAS) are involved in
lipogenic differentiation [31]. As shown in Figure 4a—c, the mRNA expression of adipo-
genic genes, such as aP2, C/EBPa, and PPARy was significantly downregulated by CBV
treatment (p < 0.05). Similarly, Hosoda et al. reported that ginkgo vinegar significantly
decreased C/EBPa and PPARy expression [28]. Additionally, Figure 4d—e shows that the
mRNA expression levels of the lipogenic genes, sterol regulatory element binding protein
(SREBP-Ic), and fatty acid synthase (FAS) were also significantly decreased following
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CBV treatment. Similar to previous studies, [27-29] our results show that CBVs reduced
the expression of adipogenic genes and lipogenic genes. These results confirm the anti-
obesity activities of CBVs via controlling adipogenic and lipogenic gene levels in 3T3-L1
cells.
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Figure 4. Anti-obesity related gene expression of CBVs in 3T3-L1 cells. (a) aP2 mRNA level; (b)
C/EBP mRNA level; (c) PPARy mRNA level; (d) SREBP-1c mRNA level; () FAS mRNA level. Data
are expressed as the mean + SD. Lowercase letters indicate significant differences among groups (p
< 0.05). Nor—not differentiated; Con—differentiated; MV —differentiated + mandarin vinegar;
CBV1—differentiated + blended mandarin vinegar and premature mandarin vinegar in a ratio of
8:2; CBV2—H20: treated + blended mandarin vinegar and premature mandarin vinegar in a ratio
of 7:3.

3.4. Anti-Aging Activities of CBVs

CBVs did not exhibit cytotoxicity in any of the groups (Figure 5a), which is consistent
with the cell cytotoxicity results in 3T3-L1 cells. Rather, CBVs exhibited cell-protective
effects in H20z-induced WI-38 cells by increasing the reduced cell viability following treat-
ment with H20: (Figure 5b, p < 0.05). CBV2 at a 1/100 dilution increased cell viability to
118%. Similarly, a previous study reported that treatment with H2O: decreased cell sur-
vival by 43%, while caffeic acid elicited a cell-protective effect by increasing the cell sur-
vival rate [32]. In another study, treatment with H20O2 was shown to decrease cell viability
by up to 70%, which was reversed following administration of porphyrin, which pro-
moted cell viability [33]. These results indicate that CBV2 protects cells against acute oxi-
dative stress conditions without causing cell toxicity.‘



Foods 2021, 10, 1441 9of12

@ (b)
140 140
OMV BCBV1 BCBV2 OMV @CBVI BCBV2,
120 120 b
a
a, - a <
2100 b 100 b =byp bR
_
< ® c
i <
g g
Z )
K- =
Z 60 g 60
3 =
40 © 4
20 20
o U o U
0 12000 11000 1/500 1/100 Nor Con 12000 11000 U500  1/100
© @ (O]
2 2 25
. p21| ~ p53 cfos
2 a ] - a
g g z
£ a = = 2
= 15 J_ a =15 a £
& = =
=]
3 E b b S st
E b B 2 b 3
< 1 < 1 =2
2 Z A b
z 1}
E E %
o @
2
£ o0s £ o5 c |z
= 5 205} c
~4 & 5
~4
0 . . . 0 . , \ 0
Nor Com MV CBV1I CBV2 Nor Com MV CBV1 CBV2 Nor Com MV CBV1 CBV2

Figure 5. Anti-aging activities of citrus blended vinegars in WI-38 cells. (a) Cytotoxicity. (b) Cytotoxicity in H20z-induced
cells. (c) p21 mRNA level. (d) p53 mRNA level; and (e) c-Fos mRNA level. Data are expressed as the mean + SD. Lowercase
letters indicate significant differences among groups (p < 0.05). Nor —H20: not treated; Con—H20: treated; MV —H20:
treated + mandarin vinegar; CBV1—H:0: treated + blended mandarin vinegar and premature mandarin vinegar in a ratio
of 8:2; CBV2—H:0: treated + blended mandarin vinegar and premature mandarin vinegar in a ratio of 7:3.

CBVs were also observed to increase the cell lifespan in H20z-induced WI-38 cells
(Table 2). Cell lifespan with H20O: was decreased from PDL 24 to PDL 19. However, CBV2
recovered cell liver span to PDL 27. Similarly, malvidin recovered the reduced cell lifespan
upon H20: treatment in all age groups [34]. These results indicate that CBVs shows anti-
aging effects by recovering cell lifespan in acute oxidative stress conditions.

Table 2. Population doubling level (PDL) of citrus blended vinegars.

0O H:0: Plus H:0: Plus H:0: Plus
e MV CBV1 CBV2
24 19 24 22 24 26 24 27

PDL—last PDL + log: (collected cell number/seeded cell number).

To confirm the anti-aging activity of CBVs (1/100 dilution), we measured the mRNA
levels of the aging-related genes p21, p53, and c-Fos in H20O2-induced WI-38 cells. H202
led to increased levels of aging-related markers, whereas CBVs significantly reduced these
levels (Figure 5c—e, p < 0.05). Particularly, CBV2 strongly inhibited the mRNA expression
of p21, p53, and c-Fos, all of which are known markers of cellular senescence. The p21
gene plays a pivotal role in the senescent phenotype of human fibroblasts [35]. Similarly,
activation of p53 has also been reported to induce cellular senescence [36]. Meanwhile, the
expression of c-Fos, an early response gene, has been shown to be decreased in fibroblast
senescence [37]. According to Seo and colleagues, malvidin exerts anti-aging effects by
reducing the protein expression of p21 and p53 [35]. In another report, the acute stress
inducer UVB increased the mRNA levels of p21, p53, and c-Fos, similar to treatment with



Foods 2021, 10, 1441 10 of 12

H:O: [38]. Based on these results, we confirmed that the anti-aging properties of CBV2
occur through its cell-protective effect.

4. Conclusions

In this study, we prepared CBVs by blending two citrus vinegars (MV, PMV). While
the pH values of the CBVs were similar, the amount of PMV added correlated with higher
acidity and lower sugar content. Moreover, the antioxidant activities of CBVs, along with
TPC, were higher than those of MV. Additionally, CBV was observed to elicit anti-obesity
activities via reducing the intracellular triglyceride content, lipid accumulation, and
mRNA levels of adipogenic and lipogenic-related genes in 3T3-L1 cells. Still further, the
anti-aging activities of CBVs were confirmed in WI-38 cells by increasing cell viability and
decreasing the mRNA levels of p21, p53, and c-Fos under conditions of H20z-induced oxi-
dative stress. Taken together, CBVs showed strong antioxidant, anti-obesity, and anti-ag-
ing effects, indicating their nutritional value.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/foods10071441/s1, Table S1: Primer sequences used in quantitative real-time PCR.

Author Contributions: Conceptualization, J.-H.J.; methodology, Y.-R.Y., B.-Y.P.,,S.-H.K,, and J.-H.J ;
data curation, Y.-R.Y., B.-Y.P,, S.-H K, and J.-H.J.; writing —original draft preparation, review, and
editing, Y.-RY,, B.-Y.P,, S.-HK,, and ]J.-H.J.; funding acquisition, J.-H.J.; supervision, ].-H.J. All au-
thors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the World Institute of Kimchi (KE2103-1), funded by the
Ministry of Sciences and ICT, and by the Regional Enterprise Open-Innovative Voucher Program
(R&D, P0010697), funded by the Ministry of Small and Medium-sized Enterprises (SMEs) and
Startups (MSS), Republic of Korea.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available in the article.

Conflicts of Interest: All authors declare no conflicts of interest.

References

1.  Horiuchi, J.; Kanno, T.; Kobayashi, M. Effective onion vinegar production by a two-step fermentation system. J. Biosci. Bioeng.
2000, 90, 289-293, doi:10.1016/s1389-1723(00)80083-3.

2. Gullo, M.; Giudici, P. Acetic acid bacteria in traditional Balsamic vinegar: Phenotypic traits relevant for starter cultures selection.
Int. ]. Food Microbiol. 2008, 125, 46-53, doi:10.1016/j.ijffoodmicro.2007.11.076.

3. Singh, S.; Kumar, S.; Kocher, G.S. Production of sugarcane blended apple vinegar under batch and Semi-Continuous fermenta-
tion conditions. Int. |. Food Ferment. Technol. 2017, 7, 271-278.

4.  Zhang, H.;He, P.; Kang, H.; Li, X. Antioxidant and antimicrobial effects of edible coating based on chitosan and bamboo vinegar
in ready to cook pork chops. LWT-Food Sci. Technol. 2018, 93, 470-476, d0i:10.1016/j.1wt.2018.04.005.

5. Li, S.Y,; Zhao, P.R; Ling, M.Q.; Qi, M.Y.; Garcia-Estévez, I.; Escribano-Bailén, M.T.; Chen, X.J.; Shi, Y.; Duan, C.Q. Blending
strategies for wine color modificationl: Color improvement by blending wines of different phenolic profiles testified under
extreme oxygen exposures. Food Res. Int. 2020, 130, 108885, d0i:10.1016/j.foodres.2019.108885.

6. Budak, H.B.; Guzel-Seydim, Z.B. (2010). Antioxidant activity and phenolic content of wine vinegars produced by two different
techniques. J. Sci. Food Agric. 2010, 90, 2021-2026, doi:10.1002/jsfa.4047.

7. Shishehbor, F.; Mansoori, A.; Shirani, F. Vinegar consumption can attenuate postprandial glucose and insulin responses; a sys-
tematic review and meta-analysis of clinical trials. Diabetes Res. Clin. Pract. 2017, 127, 1-9, doi:10.1016/j.diabres.2017.01.021.

8.  Budak, H.N.; Kumbul, D.; Savas, C.M.; Seydim, A.C.; Kok, T.; Ciris, M.I.; Guzel-Seydim, Z.B. Effects of apple cider vinegars
produced with different techniques on blood lipids in high-cholesterol-fed rats. J. Agric. Food Chem. 2011, 59, 6638-6644,
doi:10.1021/j£104912h.

9. Kondo, S.; Tayama, K.; Tsukamoto, Y.; Ikeda, K.; Yamori, Y. Antihypertensive effects of acetic acid and vinegar on spontane-
ously hypertensive rats. Biosci. Biotechnol. Biocherm. 2001, 65, 2690-2694, doi:10.1271/bbb.65.2690.

10. Setorki, M.; Asgary, S.; Eidi, A.; Rohani, A.H.; Khazaei, M. Acute effects of vinegar intake on some biochemical risk factors of
atherosclerosis in hypercholesterolemic rabbits. Lipids Health Dis. 2010, 9, 10, doi:10.1186/1476-511X-9-10.

11. Oikeh, E.I; Omoregie, E.S.; Oviasogie, F.E.; Oriakhi, K. Phytochemical, antimicrobial, and antioxidant activities of different

citrus juice concentrates. Food Sci. Nutr. 2015, 4, 103-109, doi:10.1002/fsn3.268.



Foods 2021, 10, 1441 11 of 12

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lim, H.; Yeo, E.; Song, E.; Chang, Y.H.; Han, B.K,; Choi, H.J].; Hwang, ]. Bioconversion of Citrus unshiu peel extracts with
cytolase suppresses adipogenic activity in 3T3-L1 cells. Nutr. Res. Pract. 2015, 9, 599-605, doi:10.4162/nrp.2015.9.6.599.

Choi, S.Y.; Ko, H.C,; Ko, S.Y; Hwang, ].H.; Park, ].G.; Kang, S.H.; Han, S.H.; Yun, S.H.; Kim, S.J. Correlation between flavonoid
content and the NO production inhibitory activity of peel extracts from various citrus fruits. Biol. Pharm. Bull. 2007, 30, 772-778,
doi:10.1248/bpb.30.772.

Chen, Y.; Huang, Y.; Bai, Y.; Fu, C.; Zhou, M.; Gao, B.; Wang, C.; Li, D.; Hu, Y.; Xu, N. Effects of mixed cultures of Saccharomyces
cerevisiae and Lactobacillus plantarum in alcoholic fermentation on the physicochemical and sensory properties of citrus vinegar.
LWT-Food Sci. Technol. 2017, 84, 753-763, d0i:10.1016/j.lwt.2017.06.032.

Lu, S;; Cao, Y.; Yang, Y.; Jin, Z.; Luo, X. Effect of fermentation modes on nutritional and volatile compounds of Huyou vinegar.
J. Food Sci. Technol. 2018, 55, 2631-2640, doi:10.1007/s13197-018-3184-0.

Durazzo, A.; Turfani, V.; Azzini, E.; Maiani, G.; Carcea, M. Phenols, lignans and antioxidant properties of legume and sweet
chestnut flours. Food Chem. 2013, 140, 666-671, doi:10.1016/j.foodchem.2012.09.062.

Blois, M.S. Antioxidant determinations by the use of a stable free radical. Nature 1958, 181, 1199-1200, doi:10.1038/1811199a0.
Yi, M.R;; Hwang, J.H.; Oh, Y.S.; Oh, H.J.; Lim, S.B. Quality characteristics and antioxidant activity of immature Citrus unshiu
vinegar. Korean |. Food Nutr. 2014, 43, 250-257, doi:10.3746/jkfn.2014.43.2.250.

Song, E.Y.; Choi, Y.H.; Kang, K.H.; Koh, ].S. Free sugar, organic acid, hesperidin, naringin and inorganic elements changes of
Cheju citrus fruits according to harvest date. Korean J. Food Sci. Technol. 1998, 30, 306-312.

Azuma, K.; Nakayama, M.; Koshioka, M.; Ippoushi, K.; Yamaguchi, Y.; Kohata, K.; Yamauchi, Y.; Ito, H.; Higashio, H. Phenolic
antioxidants from the leaves of Corchorus olitorius L. J. Agric. Food Chem. 1999, 47, 3963-3966, doi:10.1021/j£990347p.

Na, H.S.; Choi, G.C.; Yang, S.I; Lee, ]. H.; Cho, ].Y.; Ma, S.J.; Kim, J.Y. Comparison of characteristics in commercial fermented
vinegars made with different ingredients. Korean J. Food Preserv. 2013, 20, 482-487.

Yim, S.H.; Cho, K.S.; Choi, ].H.; Lee, ].H.; Lee, B.; Kim, M.S,; Jiang, G.H.; Eun, ].B. Physicochemical characteristics and antioxi-
dant activity of pear vinegars using ‘Wonhwang’, ‘Niitaka’ and ‘Chuhwangbae’ fruits. Korean J. Food Preserv. 2016, 23, 174-179.
Ousaaid, D.; Laaroussi, H.; Bakour, M.; EIGhouizi, A.; Aboulghazi, A.; Lyoussi, B.; E1Arabi, I. Beneficial effects of apple vinegar
on hyperglycemia and hyperlipidemia in hypercaloric-fed rats. | Diabetes Res. 2020, 2020, 9284987, doi:10.1155/2020/9284987.
Kéhkonen, M.P.; Hopia, A.L; Vuorela, H].; Rauha, J.P.; Pihlaja, K.; Kujala, T.S.; Heinonen, M. Antioxidant activity of plant
extracts containing phenolic compounds. J. Agric. Food Chem. 1999, 47, 3954-3962, d0i:10.1021/j£990146L.

Kim, K.H.; Kim, H.J.; Byun, M.W.; Yook, H.S. Antioxidant and antimicrobial activities of ethanol extract from six vegetables
containing different sulfur compounds. Korean J. Food Nutr. 2012, 41, 577-583.

Park, Y.H.; Choi, ].H.; Whang, K.; Lee, S.0.; Yang, S.A.; Yu, M.H. Inhibitory effects of lyophilized dropwort vinegar powder on
adipocyte differentiation and inflammation. J. Life Sci. 2014, 24, 476-484, doi:10.5352/JLS.2014.24.5.476.

Lee, ].H.; Cho, HD,; Jeong, ].H.; Lee, M.K; Jeong, Y.K.; Shim, K.H.; Seo, K.I. New vinegar produced by tomato suppresses
adipocyte differentiation and fat accumulation in 3T3-L1 cells and obese rat model. Food Chem. 2013, 141, 3241-3249,
doi:10.1016/j.foodchem.2013.05.126.

Hosoda, S.; Kawazoe, Y.; Shiba, T.; Numazawa, S.; Manabe, A. Anti-obesity effect of ginkgo vinegar, a fermented product of
ginkgo seed coat, in mice fed a high-fat diet and 3T3-L1 preadipocyte cells. Nutrients 2020, 12, 230, doi:10.3390/nu12010230.
Son, HK.; Kim, Y.K.; Shin, HW_; Lim, H.].; Moon, B.S.; Lee, ].J. Comparison of anti-obesity effects of sprit vinegar and natural
fermented vinegar products on the differentiation of 3T3-L1 cells and obese rats fed a high-fat diet. ]. Food Nutr. Res. 2017, 5,
594-605, doi:10.12691/jfnr-5-8-10.

Rosen, E.D.; Hsu, C.H.; Wang, X,; Sakai, S.; Freeman, M.W.; Gonzalez, F.].; Spiegelman, B.M. C/EBP alpha induces adipogenesis
through PPAR gamma: A unified pathway. Genes Dev. 2002, 16, 22-26, doi:10.1101/gad.948702.

Sung, Y.Y.; Son, E.; Im, G.; Kim, D.S. Herbal combination of Phyllostachys pubescens and Scutellaria baicalensis inhibits adipo-
genesis and promotes browning via AMPK activation in 3T3-L1 adipocytes. Plants 2020, 9, 1422, doi:10.3390/plants9111422.
Kang, K.A; Lee, KH.; Zhang, R; Piao, M.; Chae, S.; Kim, K.N.; Jeon, Y.J.; Park, D.B.; You, H.J.; Kim, ].S.; et al. Caffeic acid
protects hydrogen peroxide induced cell damage in WI-38 human lung fibroblast cells. Biol. Pharm. Bull. 2006, 29, 1820-1824,
doi:10.1248/bpb.29.1820.

Zhang, Z.; Wang, X.; Su, H.; Pan, Y.; Han, ].; Zhang, T.; Mao, G. Effect of sulfated galactan from Porphyra haitanesis on H202-
induced premature senescence in WI-38 cell. Int. ]. Biol. Macromol. 2018, 106, 1235-1239, doi:10.1016/j.ijpiomac.2017.08.123.

Seo, H.R.; Choi, M.].; Choi, ].M.; Ko, ].C.; Ko, ].Y.; Cho, E.J]. Malvidin protects WI-38 human fibroblast cells against stress-induced
premature senescence. J. Cancer Prev. 2016, 21, 32-40, doi:10.15430/JCP.2016.21.1.32.

Mawal-Dewan, M.; Frisoni, L.; Cristofalo, V.J.; Sell, C. Extension of replicative lifespan in WI-38 human fibroblasts by dexame-
thasone treatment is accompanied by suppression of p21 Wafl/Cip1/Sdil levels. Exp. Cell Res. 2003, 285, 91-98,
doi:10.1016/s0014-4827(03)00013-2.

Campisi, J. Senescent cells, tumor suppression, and organismal aging: Good citizens, bad neighbors. Cell 2005, 120, 513-522,
doi:10.1016/j.cell.2005.02.003.



Foods 2021, 10, 1441 12 of 12

37.

38.

Seshadri, T.; Campisi, ]. Repression of c-fos transcription and an altered genetic program in senescent human fibroblasts. Science
1990, 247, 205-209, doi:10.1126/science.2104680.

Debacq-Chainiaux, F.; Borlon, C.; Pascal, T.; Royer, V.; Eliaers, F.; Ninane, N.; Carrard, G.; Friguet, B.; de Longueville, F.; Boffe,
S.; et al. Repeated exposure of human skin fibroblasts to UVB at subcytotoxic level triggers premature senescence through the
TGF-betal signaling pathway. J. Cell Sci. 2005, 118, 743-758, doi:10.1242/jcs.01651.



