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ABSTRACT: This study investigated the effects of fermented beverage, kale/apple juice containing 5% vinegar in subjects
with metabolic syndrome. Subjects were randomly assigned to receive 250 mL fermented beverage or water containing
fructose, glucose, and sucrose twice daily for 10 weeks. Consumption of the fermented beverage significantly decreased
plasma triglyceride, thiobarbituric acid reactive substances (TBARS), tumor necrosis factor (TNF)-a, and high sensitivity
C-reactive protein (hs-CRP) levels compared to baseline values (P<0.05). Furthermore, consumption of the fermented
beverage significantly decreased homeostasis model assessment for insulin resistance (HOMA-IR) values and atherogenic
indexes compared with baseline values (P<0.05). In the control group, plasma triglyceride, TBARS, TNF-c, and hs-CRP
levels, atherogenic indexes, and HOMA-IR values did not significantly differ pre- and post-treatment. The fermented bev-
erage inhibited the activities of a-glucosidase and pancreatic lipase in vitro, therefore could be helpful in alleviating meta-

bolic syndrome in subjects with metabolic syndrome.
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INTRODUCTION

Metabolic syndrome is a combination of disorders, in-
cluding abdominal obesity, hypertension, hyperglycemia,
insulin resistance, and dyslipidemia (Ando and Fujita,
2009; Abbasian et al., 2018). According to the National
Health and Nutrition Survey, 16.3% of people aged 20
years and older are highly susceptible to metabolic syn-
drome. In the 2014 Korea National Health and Nutrition
Examination Survey, 20% of adults were diagnosed with
metabolic syndrome. Metabolic syndrome is a key risk
factor for cardiovascular disease (CVD) and diabetes mel-
litus (Mottillo et al., 2010; Dragsbzek et al., 2016), and is
associated with a 2.35-fold increase in risk of CVD and a
2.40-fold increase in risk of CVD mortality (Mottillo et
al., 2010). In addition, elderly women with metabolic syn-
drome have 6.0- and 1.7-fold increased risks of type 2
diabetes and CVD, respectively (Dragsbaek et al., 2016).
Thus, control of metabolic syndrome is important for pre-
vention of CVD and type 2 diabetes.

Vinegar is produced by fermentation of fruit, vegetables,

or grains by yeast and acetic acid bacteria. Traditionally,
vinegar has been consumed as a food condiment or a pre-
servative, however, vinegar has also recently been used
as a food ingredient because of its functional properties.
It has been known for centuries that vinegar has health
benefits due to its antioxidant (Bouazza et al., 2016; Hal-
ima et al., 2018), antiobesity (Kondo et al., 2009; Halima
et al., 2018), antidiabetic (Petsiou et al., 2014; Halima et
al., 2016), anticancer (Samad et al., 2016), antimicrobial
(Samad et al., 2016), and hypolipidemic (Kondo et al.,
2009; Halima et al., 2016) properties.

Several studies have suggested that vinegars and organ-
ic acids have beneficial effects in improving insulin re-
sistance (Johnston et al., 2009; Santos et al., 2019), obesi-
ty (Kondo et al., 2009), and hyperlipidemia. Johnston et
al. (2009) reported that consumption of vinegar improved
insulin sensitivity in subjects with insulin resistance and
type 2 diabetes. Furthermore, vinegar was reported to
improve glycemic and lipid profiles of subjects with type
2 diabetes and dyslipidemia. Vinegar intake improved
blood glucose in humans by inhibiting o-amylase activ-
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ity and enhancing glucose uptake (Santos et al., 2019).

Currently, many beverage products containing vinegar
are consumed in Korea and many studies have been pub-
lished on the physiological activity of vinegar. However,
few clinical trials have reported the effects of beverages
containing vinegar on metabolic syndrome. Therefore,
this study investigated the effects of fermented beverage
in subjects with metabolic syndrome.

MATERIALS AND METHODS

Reagents

Kale and apple were purchased from a market in Gimhae,
Korea. Glucose, triglyceride, total cholesterol, high-den-
sity lipoprotein (HDL)-cholesterol, low-density lipopro-
tein (LDL)-cholesterol, alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) assay kits were
purchased from Asan Co. (Seoul, Korea). Insulin, adipo-
nectin, tumor necrosis factor (TNF)-a, and high sensi-
tivity C-reactive protein (hs-CRP) assay kits were pur-
chased from Mercodia AB (Uppsala, Sweden). Acarbose
and Orlistat were acquired from Bayer Korea (Seoul, Ko-
rea) and Roche Korea (Seoul, Korea), respectively. Other
reagent grade chemicals were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA).

Preparation of fermented beverage

Blackberry juice, carrot juice, and kale juice were prepared
using a low-speed masticating juicer (HH-SBF11, Hurom
Co., Ltd., Gimhae, Korea) and mixed at a ratio of 16:3:1
to prepare the blackberry/carrot/kale (BCK) juice. An al-
coholic fermentation product of the BCK juice was cre-
ated using Saccharomyces cerevisiae #7013 and the alcohol
fermentation product was fermented using Acetobacter
pasteurianus KCTC 13188BP to produce the BCK vinegar.
The acidity of BCK vinegar was 7.0=0.1%. The kale juice
and apple juice were prepared using a low-speed masti-
cating juicer and mixed at a ratio of 45:55 to prepare the
kale/apple juice. The fermented beverage was prepared
by mixing kale/apple juice with 5% BCK vinegar.

Determination of total acidity, pH, and organic acids
contents

Total acidity of the kale/apple juice and fermented bev-
erage was measured by titrating 100 mL of 5-fold diluted
juice to pH 8.3 with standardized 0.1 N NaOH. The total
acidity was expressed as a percentage of citric acid per
100 mL of the juice and beverage. The pH of the kale/ap-
ple juice and fermented beverage was determined using
a pH meter (AG 8603, Mettler-Toledo GmbH, Schwer-
zenbach, Switzerland) at 25+1°C. Organic acid contents
of the kale/apple juice and fermented beverage were de-
termined using high-performance liquid chromatography

(Shimadzu Corporation, Kyoto, Japan).

Determination of total polyphenol and flavonoid contents
One miilliliter of kale/apple juice or fermented beverage
were added to 4 mL of 100% methanol and incubated for
2 h at room temperature. The supernatant was collected
after centrifuging the solution at 850 g and 4°C for 20
min.

The total polyphenol content was measured by the
method developed by Folin and Denis (1912). Briefly, 400
uL of the supernatant was mixed with 200 uL of 50%
Folin-Ciocalteu reagent, and incubated for 3 min. After
addition of 2% NaCOs (200 pL), the mixture was in-
cubated for 60 min and the absorbance was measured at
750 nm. The total polyphenol content was quantified us-
ing tannic acid as a standard. Total polyphenol content
was expressed as milligrams of tannic acid equivalents
(TAE) per 100 mL juice and beverage.

Total flavonoid content was determined using the
method described by Zhishen with modification (1999).
Briefly, 400 uL of the supernatant was mixed with 300
uL of 5% NaNO,. After 5 min, 300 pL of 1% AlCl; was
added, and the mixture was incubated for 5 min. Two
hundred microliters of 1 M NaOH and 70 uL of deion-
ized water were added sequentially. The absorbance of
the mixture was measured at 510 nm using a spectropho-
tometer, and quantified using quercetin as a standard.
Total flavonoid content was expressed as milligrams of
quercetin equivalents (QE) per 100 mL juice and bever-
age.

Inhibition assay for a-glucosidase and pancreatic lipase in
vitro

The kale/apple juice and fermented beverage were cen-
trifuged at 850 g for 10 min, following which the super-
natants were used in enzyme inhibition assays.

Yeast a-glucosidase inhibitory activity was measured
according to the method described by Watanabe et al.
(1997). Yeast a-glucosidase (0.7 U) dissolved in 100 mM
phosphate buffer (pH 7.0) containing 2 mg/mL bovine
serum albumin, and 0.2 mg/mL NaN3 and 5 mM p-nitro-
phenyl-a-D-glucopyranoside in the same buffer (pH 7.0)
were used as the enzyme and substrate solutions, respec-
tively. Then, 50 uL of the enzyme solution and 10 pL of
the test sample were mixed and the absorbance was
measured at 405 nm using a microplate reader (Model
550, Bio-Rad Laboratories, Inc., Hercules, CA, USA). Af-
ter incubation at room temperature for 5 min, 50 pL of
the substrate solution was added and the solution was in-
cubated for an additional 5 min. The increase in absorb-
ance from time O was measured, and inhibitory activity
was calculated as a percentage of the blank control. Acar-
bose (5 mg/mL) was used as a positive control.

Inhibitory activity against pancreatic lipase was deter-
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mined by the method described by Arai et al. (1999) us-
ing 4-methylumbelifery oleate as a substrate. Pancreatic
lipase (0.5 U) was dissolved in Mclvane buffer (0.1 M cit-
rate-Na,HPO,, pH 7.4). The reaction mixture consisted
of 20 pL buffer, 25 pL pancreatic lipase, 5 uL of sample
solution, and 50 pL 4-MU oleate (0.1 mM). After incu-
bation of the mixture at 37°C for 10 min, the amount of
4-MU released by the lipase was determined using a flu-
orescence multi-detection reader (Bio-Tek Instruments,
Inc., Winooski, VT, USA) at an excitation wavelength of
320 nm and an emission wavelength of 450 nm. Orlistat
(10 mg/mL) was used as a positive control.

Clinical trials

Subjects and study design: Twenty-four subjects (Gimhae,
Korea) were recruited through announcements. Inclusion
criteria included meeting at least two of the criteria for
metabolic syndrome defined by the National Cholesterol
Education Program-Adult Treatment Panel III (NCEP-
ATP III) (2002). The criteria included waist circumfer-
ence of >40 inches for men or >35 inches for women;
systolic blood pressure (SBP) >130 mmHg or diastolic
blood pressure (DBP) >85 mmHg; fasting blood glucose
levels >100 mg/dL; triglyceride levels >150 mg/dL; HDL-
cholesterol levels <40 mg/dL for men or <50 mg/dL for
women. Exclusion criteria included liver disease, renal
disease, gastrointestinal disease, inflammatory disease,
cancer, pregnancy, breast-feeding, or any other serious
disorder requiring regular medical treatment.

This study was randomized, double-blinded, and place-

bo controlled. Subjects (21 men and 3 women; 41.4+9.0
years) to receive either 250 mL of fermented beverage or
water containing fructose (47.22 mg/mL), glucose (16.85
mg/mL), and sucrose (0.50 mg/mL) twice daily for a 10-
week treatment period. Anthropometric and biochemical
assessments were performed at baseline and after the
treatment period. All subjects were asked to maintain
their habitual diet and lifestyle during the treatment peri-
od. Compliance was monitored by questioning the sub-
jects every week. Informed consent was obtained from all
subjects prior to the study. The study protocol was ap-
proved by the Korean Public Institutional Review Board
(No. P01-201711-11-003).
Anthropometric measurements: Body weight and height of
the subjects were measured, and body mass index (BMI)
was calculated as body weight in kg divided by height in
m’. Body fat content was measured with a bioimpendance
analyzer (HBF-300, Omron Co., Kyoto, Japan). Waist cir-
cumference was measured at the midpoint between the
lower rib margin and the iliac crest with measuring tape.
Blood pressure was measured by using a mercury sphyg-
momanometer (Baumanometer, WA Baum Co., Inc., Co-
piague, NY, USA) while subjects were sitting after 5 min
of rest.

Blood analysis: After an overnight fasting, blood samples
were drawn from the antecubital vein and centrifuged at
3,000 g for 15 min. Plasma glucose, triglyceride, total
cholesterol, HDL-cholesterol, and LDL-cholesterol levels
were measured enzymatically using commercial assay kits
(Asan Co.). Plasma ALT and AST activities were deter-
mined enzymatically using assay kits. Plasma insulin, adi-
ponectin, and TNF-a. levels were measured using enzyme-
linked immunosorbent assay kits. The homeostasis mod-
el assessment for insulin resistance (HOMA-IR) was cal-
culated by dividing the product of insulin (uU/mL) and
glucose (mmol/L) by 22.5. Atherogenic index was calcu-
lated as triglyceride/HDL-cholesterol.

Plasma lipid peroxidation was determined by measur-
ing production of thiobarbituric acid reactive substances
(TBARS) according to the method described by Ohkawa
et al. (1979). Briefly, plasma was mixed with a solution
of 15% trichloroacetic acid, 0.4% thiobarbituric acid,
and 2.5% HCI, and the mixture was heated at 100°C for
45 min. And then the reaction mixture was cooled on ice
and centrifuged at 1,500 g for 15 min. The absorbance of
the supernatant was measured at 532 nm and the results
were expressed as nmol of malondialdehyde/mL. Plasma
glutathione (GSH) levels were measured according to the
method described by Ellman (1959). Briefly, plasma was
incubated with 10 mM 5,5-dithiobis-2-nitrobenzonic acid
in 0.1 M phosphate buffer (pH 8.0) for 15 min and the
absorbance was measured at 534 nm. The results were
expressed as nmol/mg protein.

Statistical analysis

All data were expressed as meanz=standard deviation
(SD). All statistical analysis were performed using the
SPSS program (ver. 9.2, SAS Institute Inc., Cary, NC,
USA). The significance of differences between mean val-
ues of kale/apple juice and fermented beverages were
evaluated by Student’s ¢-tests. Differences among groups
were analyzed by one-way analysis of variance (ANOVA)
followed by Tukey’s post-hoc test. The significance of
mean comparisons between baseline and after 10 weeks
of consumption of fermented beverages were tested by
paired t-test. Significance was defined as P<0.05.

RESULTS

Total acidity, pH, and organic acids contents

The total acidity, pH, and organic acids contents of kale/
apple juice and fermented beverage are shown in Table
1. The total acidity of kale/apple juice and fermented bev-
erage were 0.20+0.01% and 0.45=0.02%, respectively.
The pH value of fermented beverage (4.10+0.01) was
lower than that of kale/apple juice (4.60=0.01). The con-
tents of formic acid, malic acid, and succinic acid in kale
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Table 1. Total acidity, pH, and organic acids contents of
kale/apple juice and the fermented beverage

Kale/apple juice Fermented
beverage

Total acidity (%) 0.20£0.01 0.45+0.02

pH 4.60+0.01 4.10+0.01
Organic acids (ug/mL)

Acetic acid ND 2,355.512.4

Formic acid 137.1+£0.3 132.2£1.2

Malic acid 851.2+43.9 743.0+8.4

Succinic acid 1,042.7+£12.2 951.319.9

Values are mean=%SD.
ND: not detected.

/apple juice were 137.1+0.3 pg/mlL, 851.2+43.9 ng/mL,
and 1,042.7+12.2 pg/mL, respectively. The contents of
acetic acid, formic acid, malic acid, and succinic acid in
fermented beverage were 2,355.5+2.4 pg/ml, 132.2+1.2
ug/mlL, 743.0+8.4 ng/mL, and 951.3+9.9 ug/mL, respec-
tively. Among these organic acids, the content of acetic
acid was the highest in fermented beverage. Hence, ace-
tic acid was not detected in kale/apple juice.

Total polyphenol and flavonoid contents

The polyphenol and flavonoid contents of kale/apple juice
and fermented beverage are shown in Table 2. The poly-
phenol contents of kale/apple juice (44.0+0.3 mg TAE/
100 mL) and fermented beverage (43.2+0.5 mg TAE/100
mL) were not significantly different. Total flavonoid con-
tent of fermented beverage (24.5+0.2 mg QE/100 mL)
was significantly higher than that of kale/apple juice
(19.7+0.1 mg QE/100 mL, P<0.01).

Inhibitory activities of a-glucosidase and pancreatic lipase
in vitro

Kale/apple juice and fermented beverage inhibited yeast
a-glucosidase activities by 33.5+2.2% and 41.9+1.8%,
respectively, whereas acarbose, an o-glucosidase inhibi-
tor, inhibited a-glucosidase activity by 65.9+3.8% (Fig.
1). The inhibitory activities of kale/apple juice and fer-
mented beverage against pancreatic lipase were 45.0+
2.1% and 54.5%2.9%, respectively. Orlistat, a pancreatic
lipase inhibitor, inhibited the enzyme activity by 89.7+

Table 2. Total polyphenol and flavonoid contents of kale/apple
juice and the fermented beverage

Kale/apple Fermented

juice beverage
Total polyphenol (mg TAE/100 mL) 44.0+0.3  43.2+0.5™
Total flavonoid (mg QE/100 mL) 19.7£0.1 24.5+0.2*

Values are mean=xSD.

ns: not significant.

*Significantly different at ~<0.01.

TAE, tannic acid equivalents: QE, quercetin equivalents.

0.7% (Fig. 2).

Characteristics of the subjects

All 24 subjects completed the study without experiencing
any adverse effects. The anthropometric and biochemical
characteristics of the subjects at pre- and post-treatment
are shown in Table 3. All subjects were diagnosed with
metabolic syndrome based on the NCEP-ATP III criteria.
Body weight, BMI, body fat content, waist circumference,
and blood pressure did not significantly differ between
treatment groups at baseline. Intake of energy and major
nutrients were similar between treatment groups at base-
line and after the 10 weeks of treatment. After the treat-
ment period, mean daily energy intake of the control and
fermented beverage groups were 2,478+423 and 2,564+
371 kcal, respectively (data not shown). Body weight,
BMI, body fat content, waist circumference, and SBP and
DBP were not significantly affected by consumption of fer-
mented beverage. Moreover, consumption of fermented
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Table 3. Anthropometric and biochemical characteristics of subjects

Control (n=12)

Fermented beverage (n=12)

roup”

Group Pre-treatment Post-treatment Difference® Pre-treatment Post-treatment Difference
Age (y) 40.2%£9.2 42.6190
Body weight (kg) 81.8+25.6 82.8424.8 1.0+£2.0™ 79.4+8.8 80.2+8.6 0.7+£1.6™
BMI (kg/m?)? 27.6+75 27.9+7.2 0.4+0.7"™ 26.1£2.3 26.4%23 0.3+05"™
Body fat (%) 28.2+6.4 28.5+5.9 0.3+1.7™ 249%2.7 25.8+3.2 0.8+1.8™
Waist circumference (cm) 95.1+18.2 95.3+17.3 0.2+4.2"™ 92.8+5.6 93.2+6.2 0.5+2.4™
SBP (mmHg) 142.1+£23.4 141.0£19.7 —1.1£13.1™ 135.5+£12.6 135.9+9.8 0.4+7.1™
DBP (mmHg) 89.3£15.6 90.1£10.7 0.8+£9.7" 85.8+9.8 87.0+104 1.3£7.5™
ALT (U/L) 27.8£18.8 26.2£16.0 —1.745.3™ 267%9.1 285+13.3 1.816.9™
AST (U/L) 277164 263147 —1.31£6.3™ 27.816.0 30.5+6.8 2.7+£9.2"

"The fermented beverage and control groups received 250 mL of fermented beverage and water containing fructose, glucose,

and sucrose twice a day for 10 weeks, respectively.

IDifferences between pre- and post-treatment values within each group.

¥BMI (body mass index) = body weight (kg)/height (m)?.
Values are mean%SD.

SBP, systolic blood pressure; DBP, diastolic blood pressure; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

"Not significant.

Table 4. Plasma glucose, insulin, and homeostasis model assessment for insulin resistance (HOMA-IR) values of subjects

Control (n=12)

Fermented beverage (n=12)

Group”
Pre-treatment Post-treatment Difference? Pre-treatment Post-treatment Difference
Glucose (mg/dL) 92.2+17.3 95.1£16.0 2.916.6™ 95.2+20.1 91.7£140 —35+9.9™
Insulin (uU/mL) 8.6t43 9.0+4.3 05+1.9™ 89126 78135 —1.1+£2.0"
HOMA-IR? 1.940.9 2.1+08 0.2+0.5"™ 2106 1.7£0.7 —0.3+05*

"The fermented beverage and control groups received 250 mL of fermented beverage and water containing fructose, glucose,

and sucrose twice a day for 10 weeks, respectively.

IDifferences between the pre- and post-treatment values within each group.
JHomeostasis model assessment for insulin resistance (HOMA-IR) = fasting glucose (mmol/L) X fasting insulin (uU/mL)/22.5.

Values are mean=%SD.

*Pre- and post-treatment values are significantly different at ~<0.05.

"Not significant.

beverage did not alter plasma ALT and AST activities dur-
ing the test period.

Effects of fermented beverage on glycemic control

The effects of fermented beverage on glycemic control
are shown in Table 4. Plasma glucose and insulin levels
in the control and fermented beverage groups did not
significantly differ at baseline and post-treatment. After
consumption of the fermented beverage for 10 weeks,
HOMA-IR value, an index of insulin resistance, was sig-
nificantly reduced (P<0.05) compared with baseline (2.1
+0.6 vs 1.7+0.7). However, HOMA-IR values of the con-
trol group did not significantly differ between baseline
(1.9£0.9) and post-treatment (2.1+0.8).

Effects of fermented beverage on lipid profiles

The plasma lipid profiles in the control and fermented
beverage groups are shown in Table 5. After 10 weeks of
fermented beverage consumption, plasma triglyceride lev-
els were significantly reduced compared with baseline
(202.6=88.1 vs 193.0+90.7 mg/dL, P<0.05). Treatment

of fermented beverage also significantly decreased athe-
rogenic index compared with baseline (6.7+4.1 vs 6.0=
4.1, P<0.05). Plasma triglyceride levels and atherogenic
index of the control group did not significantly differ be-
tween baseline (184.7+83.7 mg/dL and 4.8+2.0, respec-
tively) and post-treatment (189.4+73.5 mg/dL and 5.2+
1.8, respectively). Plasma cholesterol, LDL-cholesterol,
and HDL-cholesterol levels were not significantly affected
by consumption of the fermented beverage.

Effects of fermented beverage on antioxidant and anti-
inflammatory status

The antioxidant and anti-inflammatory effects in the con-
trol and fermented beverage groups are shown Table 6.
After consumption of the fermented beverage for 10
weeks, plasma TBARS levels were significantly decreased
compared with baseline (1.7+0.5 vs 1.5+0.7 nmol/mL,
P<0.05). Plasma TBARS levels of the control group did
not significantly differ between baseline (1.9+0.7 nmol/
mL) and post-treatment (2.1+0.8 nmol/mL). Plasma
GSH levels and the activities of superoxide dismutase
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Table 5. Plasma lipid profiles and atherogenic index of subjects

Control (n=12)

Fermented beverage (n=12)

roup”

Group Pre-treatment Post-treatment  Difference? Pre-treatment Post-treatment Difference
Triglyceride (mg/dL) 184.7+83.7 189.4+£73.5 4.6+17.5™ 202.6+88.1 193.0£90.7 —9.6+14.2*
Cholesterol (mg/dL) 193.2+£33.0 187.6+40.7 —5.6£14.1™ 198.0+£35.7 196.2+37.1 —1.9+17.5™
HDL-cholesterol (mg/dL) 38.84+6.9 37.0+78 —1.8+4.2™ 335190 35.0+6.4 15+4.9™
LDL-cholesterol (mg/dL) 111.7£33.6 110.6£32.9 —1.1+8.4™ 120.6+38.4 118.4£31.3 —2.3+11.8™
Atherogenic index” 48+20 5.2+1.8 0.4+1.0" 6.7+4.1 6.0+4.1 —0.7+1.0*

"The fermented beverage and control groups received 250 mL of fermented beverage and water containing fructose, glucose,

and sucrose twice a day for 10 weeks, respectively.

IDifferences between the pre- and post-treatment values within each group.

3’Atherogenic index = triglyceride/HDL-cholesterol.
Values are mean=%SD.

*Pre- and post-treatment values are significantly different at ~<0.05.

"Not significant.

Table 6. Plasma antioxidant activities and inflammatory cytokine levels of subjects

Control (n=12) Fermented beverage (n=12)
Group” Pre- Post- Difference? Pre- Post- Difference
treatment treatment treatment treatment

TBARS (nmol/mL) 1.9+0.7 2.1£0.8 0.2+0.5™ 1.7£05 1.510.7 —0.3£0.5*
Glutathione (umol/L) 2304 25104 0.2+0.6™ 25405 2.7105 0.2+0.3™
Superoxide dismutase (U/g protein) 1.21£0.4 1.1£0.4 —0.1£0.5™ 1.0£0.2 1.1£0.3 0.1£0.4"™
Catalase (U/mg protein) 193.2429.1  201.7+31.3 8.1£26.7™ 19732260 209.4+289  12.7+£19.1™
Glutathione peroxidase (U/mg protein)  33.9+4.8 318157  —2147.6™ 31.3+4.3 29.448.1 —1.94£9.9™
Adiponectin (ung/mL) 94429 99426 0.5+2.9™ 8.612.7 92140 0.6+4.4™
TNF-a (pg/mL) 125429 13.3+£3.6 0.8+2.4™ 13.3+£3.2 11.2+£20 —2.2+2.8*
hs-CRP (mg/L) 27126 3.1+24 0.3+1.3™ 22%26 1.4+2.1 —0.8%+1.1*

"The fermented beverage and control groups received 250 mL of fermented beverage and water containing fructose, glucose,

and sucrose twice a day for 10 weeks, respectively.

IDifferences between the pre- and post-treatment values within each group.

Values are mean=SD.

*Pre- and post-treatment values are significantly different at ~<0.05.

"Not significant.

(SOD), catalase, and glutathione peroxide (GPx) were
not significantly affected by the consumption of ferment-
ed beverage treatment. Consumption of the fermented
beverage significantly decreased (P<0.05) plasma TNF-a
(11.2+2.0 pg/mL) and hs-CRP (1.4+2.1 mg/L) levels
compared with baseline (13.3+3.2 pg/mL and 2.2+2.6
mg/L, respectively). Plasma TNF-a and hs-CRP levels did
not significantly differ baseline (12.5%2.9 pg/mL and 2.7
+2.6 mg/L) and post-treatment (13.3+3.6 pg/mL and
3.1+2.4 mg/L) in the control group. Plasma adiponectin
levels were not significantly affected by the consumption
of fermented beverage.

DISCUSSION

Metabolic syndrome refers to a cluster of metabolic ab-
normalities, including abdominal obesity, hyperglycemia,
dyslipidemia, and hypertension, and is a major risk factor
for type 2 diabetes mellitus and CVD (Dragsbeek et al.,
2016). Insulin resistance is strongly associated with obe-

sity and other components of metabolic syndrome (Bagry
et al., 2008). Stern et al. (2004) reported the association
between insulin resistance and metabolic syndrome.
Thus, the control of insulin resistance is important to
prevent development of metabolic syndrome.

Consumption of the fermented beverage did not alter
plasma ALT and AST activities during the treatment pe-
riod, suggesting that consumption of the fermented bev-
erage is safe. Previous studies did not report any adverse
effects following intake of 90 mL vinegar containing
4,500 mg of acetic acid for 4 weeks in healthy subjects
(Kondo et al., 2009).

In the present study, plasma glucose and insulin levels
in the fermented beverage group tended to decrease rela-
tive to the control group, although these differences were
not significant. It is possible that the fermented beverage
may not contain enough acetic acid to improve glycemic
control. Subjects consumed 500 mL of fermented bever-
age per day, which contains 1,180 mg of acetic acid. A
previous study showed that consumption of 1,400 mg of
acetic acid twice daily for 12 weeks improves glycemic
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control in well-controlled type 2 diabetic patients (Johns-
ton et al., 2009). In addition, Ostman et al. (2005) found
that acetic acid at doses of >1,400 mg decreases glucose
and insulin responses in healthy subjects, which is in-
dicative of a dose-response relationship. Although con-
sumption of 1,400 mg of acetic acid improved glycemic
control, consumption of lower doses did not affect glyce-
mic control in well-controlled type 2 diabetic patients
(Johnston et al., 2009). However, in the present study,
consumption of the fermented beverage significantly re-
duced HOMA-IR values, an index of insulin resistance.
The improvement of insulin sensitivity was modest by
consumption of vinegar containing 750 mg of acetic acid
in women with polycystic ovary syndrome (Ogawa et al.,
2000). Vinegar may alleviate insulin resistance via sup-
pressing digestive enzymes. Johnston et al. (2009) dem-
onstrated that consumption of vinegar before a high-car-
bohydrate meal improves postprandial glucose and insu-
lin levels in insulin-resistant subjects. a-Glucosidase is
the key enzyme to digest for dietary carbohydrates, and
inhibition of a-glucosidase could be effective in altering
glucose absorption by delaying digestion of dietary car-
bohydrates (Watanabe et al., 1997). We showed that the
kale/apple juice and fermented beverage inhibited o-glu-
cosidase activities in vitro. Furthermore, the fermented
beverage exhibited 1.3-fold stronger o-glucosidase inhib-
itory activity than kale/apple juice in vitro. Vinegar con-
tains approximately 4 ~20% acetic acid, the main ingre-
dient of vinegar (Samad et al., 2016). Treatment with ace-
tic acid at 5 mmol/L for 15 days decreased the activities
of maltase and sucrase in Caco-2 cells (Ogawa et al.,
2000). It has been reported that acetic acid could improve
insulin resistance due to its inhibitory effects on diges-
tive enzymes. Insulin resistance is an important initiat-
ing pathogenic mechanism of type 2 diabetes. Therefore,
fermented beverages may be beneficial for preventing
type 2 diabetes via improving insulin resistance.

In this study, plasma triglyceride levels significantly de-
creased following consumption of the fermented bever-
age, which contained bioactive compounds and organic
acids. The hypotriglyceridemic effects of the fermented
beverage may have been partly mediated by flavonoids.
Several studies have shown that flavonoid could be ben-
eficial for improving dyslipidemia. Kale and apple are
good sources of flavonoids that improve serum lipid me-
tabolism (Sato et al., 2016). In a previous study, kale de-
creased plasma triglyceride levels in subjects with base-
line serum triglycerides levels of 150~199 mg/dL (Sato
et al., 2016). Consumption of apple juice reduced serum
triglyceride levels in high cholesterolemic rabbits (Setorki
et al., 2009). Our results showed that the flavonoid con-
tent of the fermented beverage was higher than that of
the kale/apple juice. These data suggested that the fer-
mented beverage could be more effective in decreasing

plasma triglyceride levels than kale/apple juice without
vinegar. Vinegar and acetic acid improved lipid metabo-
lism in human and animal studies (Kondo et al., 2009;
Ok et al., 2013). Consumption of a beverage containing
750 or 1,500 mg of acetic acid for 12 weeks decreased
serum triglyceride levels in obese Japanese subjects
(Kondo et al., 2009). Ok et al. (2013) reported that sup-
plementation of acetic acid and pomegranate vinegar re-
duced plasma and hepatic triglyceride levels in obese rats.
Halima et al. (2016) demonstrated that the acetic acid
reduced serum triglyceride levels by reducing hepatic tri-
glyceride storage, possibly via inhibition of lipogenesis
in the liver and enhancement of fatty acid oxidation.

In our study, we showed that the inhibitory activity of
the fermented beverage against pancreatic lipases was
1.2-fold stronger than that of kale/apple juice in vitro.
Lipase inhibitors prevent hydrolysis of dietary fat in the
small intestine, which reduces intestinal absorption of
dietary fat and enhances fat excretion in feces. In a pre-
vious study, apple cider vinegar decreased intestine li-
pase activity and plasma total cholesterol and triglycer-
ide levels in diabetic rats (Halima et al., 2016). The vine-
gar could prolong absorption of triglycerides by inhibiting
lipase, and, subsequently, decrease plasma lipid concen-
tration. It was reported the inhibitory activity of pancre-
atic lipase increased during vinegar fermentation of Ela-
eagnus multiflora fruit (Cho et al., 2017). Kim et al. (2018)
reported that the inhibitory activity of pancreatic lipase
in carrot vinegar is higher than that of carrot juice. Insu-
lin resistance is associated with dyslipidemia character-
ized by hypertriglyceridemia and low HDL-cholesterol
levels. Insulin resistance may lead to increase synthesis
and secretion of very low-density lipoprotein, resulting in
increased plasma triglyceride levels and decreased plas-
ma HDL-cholesterol levels. Treatment of dyslipidemia is
important to reduce risk of CVD in the insulin resistant
state (Rader, 2007). The results of this study showed that
the fermented beverage effectively ameliorated hypertri-
glyceridemia in subjects with metabolic syndrome. Thus,
improving insulin resistance by consuming fermented
beverage could contribute to lowering plasma triglycer-
ide levels.

Insulin resistance may accelerate oxidative stress by
overproducing reactive oxygen species (ROS) and at-
tenuating antioxidant systems (Tangvarasittichai, 2015).
Oxidative stress may be induced by decreases in antioxi-
dant enzyme activities and increases in lipid peroxidation
levels in subjects with metabolic syndrome (Palmieri et
al., 2006; Armutcu et al., 2008). Several studies have re-
ported that vinegar decreased lipid peroxidation levels
and increased antioxidant enzyme activities (Bouazza et
al., 2016; Halima et al., 2018). Pomegranate vinegar de-
creased serum and hepatic lipid peroxidation levels and
increased serum SOD, GPx, and total antioxidant status



Effect of Fermented Beverage on Metabolic Syndrome 19

in hyperlipidemic rats (Bouazza et al., 2016). Apple cider
vinegar also attenuated oxidative stress by decreasing he-
patic and renal lipid peroxidation, and increasing the ac-
tivities of antioxidant enzyme in rats fed a high-fat diet
(Halima et al., 2018). It was suggested that antioxidant
effects of vinegar could be due to the high levels of fla-
vonoids and acetic acid in vinegar (Halima et al., 2018).
Banjarnahor and Artanti (2014) demonstrated that flavo-
noids could act as antioxidants by scavenging free radi-
cals, suppressing enzymes associated with ROS genera-
tion, and enhancing internal antioxidant enzymes. It was
suggested the flavonoids in fermented beverage are strong
antioxidants that can scavenge free radicals, inhibit pro-
duction of free radicals, and promote generation of anti-
oxidant enzymes.

Insulin resistance is associated with low-grade inflam-
mation and oxidative stress. CRP and TNF-qa, markers of
inflammation, were elevated in subjects with insulin re-
sistance. Insulin resistance causes the up-regulation of
inflammatory adipokines, including CRP and TNF-a,
whereas decreases cytokines (Avramoglu et al., 2006;
Bagry et al., 2008). Therefore, fermented beverages may
contribute to improved antioxidant status and inflamma-
tion by decreasing lipid peroxidation and inflammatory
adipokine levels.

The results of our study suggest that the fermented
beverage, kale/apple juice containing 5% vinegar, may be
effective in controlling metabolic syndrome by inhibiting
o-glucosidase and pancreatic lipase activities in vitro. Con-
sumption of the fermented beverage for 10 weeks signif-
icantly decreased plasma triglyceride level, atherogenic
index, and HOMA-IR value compared with baseline in
subjects with metabolic syndrome (P<0.05). In addition,
plasma, TBARS, TNF-q, and hs-CRP levels were signifi-
cantly reduced (P<0.05) following consumption of fer-
mented beverage. Thus, the fermented beverage could be
effective in improving metabolic syndrome in subjects
with metabolic syndrome.
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