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ABSTRACT:
Objective: This study was undertaken to examine the Kurozu concentrate (KC) based dietary
supplement on several obesity-related parameters in obese Japanese male and female adults.

Background: Kurozu, which is a specific type of rice vinegar produced by fermentation of
unpolished brown rice, has long been used as a traditional health food and folk medicine in
Japan. A recent animal study and our preliminary human study suggest that the KC supplement
has potential for use in the management of obesity.

Materials and Methods: A 12-week, randomized, double-blind, placebo-controlled trial was
conducted involving 48 Japanese adult subjects (28 males and 20 females) with obesity. Subjects
were either assigned to the group consuming the KC supplement for 12 weeks (870mg/day; 480
mg/day as KC) (n=24; 14 males and 10 females) or the placebo group (n=24; 14 males and 10
females). All test participants were assessed using several obesity-related parameters, including
body weight, BMI, waist circumference, and abdominal fat computed tomography (CT) sections.
These measurements took place at baseline and at week 12.

Results: At week 12, a significant decrease in body weight (P<0.043) and nearly significant
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decreased values of BMI (P=0.052) were observed in the KC group compared to the placebo
group. The reduction in waist circumference at week 12 within the KC group was not
significantly greater than the placebo group. Examination of abdominal CT sections around the
navel indicated that, although most of the values of the total fat area, subcutaneous fat area, and
visceral fat area for both of the placebo and KC groups significantly increased during the 12-
week intervention, the magnitude of increase in the total fat area for all subjects and that of the
total fat area, subcutaneous fat area, and visceral fat area for females on one or more of three CT
sections were significantly lower in the KC group than the placebo group (P<0.05).

Conclusion: Although the results are not definitive, KC supplementation may have potential for
improving some obesity-related parameters in obese subjects, particularly females.

Key words: Kurozu concentrate (KC), KC-based dietary supplement (KC supplement),
abdominal obesity-related parameters, body mass index (BMI), computed tomography (CT),
abdominal fat

BACKGROUND:

Accumulating epidemiological data indicate that obesity is significantly associated with
increased risks of the three major lifestyle-related conditions, viz., dysglycemia, dyslipidemia,
and hypertension, all of which can cause premature death [1-3]. A cluster of these medical
conditions is known as the metabolic syndrome [4]. There are also data suggesting that obesity,
particularly abdominal obesity, combined with hyperglycemia, hyperlipidemia and/or
hypertension, becomes an immediate precursor to cardiovascular disease (CVD) [5, 6].
Therefore, improvement of obesity is an important health goal for obese individuals in order to
prevent and/or treat the metabolic syndrome and CVD.

Currently, using an anthropometric parameter referred to as the “body mass index (BMI)”,
the World Health Organization (WHO) defines obesity as any value above 30 kg/m? and pre-
obesity (overweight) as the values between 25 and 30 kg/m? [7]. According to this definition, the
prevalence of obesity among the whole population of Europe and the United States is estimated
to be 5-27% [7, 8], while obesity is less prevalent (2-3%) among Japanese people [9]. However,
Japanese individuals appear more likely to develop the above-mentioned metabolic syndrome or
lifestyle-related chronic diseases. There are numerous epidemiological studies showing that the
prevalence of type 2 diabetes is similar in Japanese individuals (10-12%) [10] to Westerners (8-
12%) [11, 12]. In addition to the incidence of diabetes, other obesity-associated diseases are also
significantly greater among Japanese adults with BMI values above 25 kg/cm? than those with
lower BMI values. Based on these data, the Japan Society for the Study of Obesity adopted a
lower cutoff of BMI (Japanese criteria of obesity: 225 kg/m?), consequently leading to an
increase in obesity prevalence figures in Japan [13].

Kurozu, is produced from brown rice with rice malt through static-surface fermentation in
the southernmost district of Kyushu island (Kagoshima Prefecture) of Japan. This unique type of
fermentative product has been used for a long time as a traditional health drink and folk medicine
in this country. Kurozu is biochemically characterized by various amino acids, vitamins, acetic
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acid, other organic acids, and proteins as its major ingredients [14], together with several
phenolic acid compounds, such as vanillic acid, sinapic acid, and ferulic acid, along with two
unique radical scavenging compounds, dihydroferuic acid and dihydrosinapic acid [15], as its
minor ingredients. One of the leading health food companies in Japan, Egao Co. Ltd.
(Kumamoto, Japan), has developed a capsular product of Kurozu containing KC as the active
ingredient. KC is made through concentration under a reduced pressure with heating, followed
by freeze-drying with the addition of rice powder as a vehicle, followed by pulverizing. The
composition of resulting powdery KC is basically similar to that of original Kurozu, except for a
slight loss of acetic acid and some other organic acids.

Recently, Tong et al. reported that oral doses of Kurozu concentrated liquid are effective in
decreasing the adipocyte size via inhibition of intestinal absorption of dietary fat in Sprague
Dawley (SD) rats [16]. A similar change in adipocyte size distribution induced by Lactobacillus-
fermented milk has been associated with the prevention of obesity development in SD rats and
obese Zucker rats [17, 18]. Thus, we were led to the postulation that KC may have anti-obesity
potential when given to humans. To investigate this possibility, a feeding study was performed
with subjects, Japanese adults with BMIs between 25 and 30, using a commercial product
containing powdery KC as the potential active component.

METHODS:

Subjects: Thirty-two male and 20 female Japanese subjects, aged 30-65 and 40-65 years,
respectively, with BMI between 25 and 30 kg/cm? body weight <100 kg and waist
circumference 285 cm (males) and =290 cm (females) were voluntarily recruited from Tokyo,
Japan. Individuals were excluded if they were: currently attempting to lose body weight (i.e.,
participating in an exercise program designed for weight loss, or taking supplements or health
foods associated with weight management or changes in appetite); taking medicines or health
foods that potentially alter the body fat, serum lipids, and/or lipid metabolism; routinely using
dietary supplements enriched with KC and/or unrefined Kurozu; receiving medically supervised
treatment for any serious diseases; with diabetes or any other disease that requires immediate
and/or regular medication; with a history of allergy to the test product; pregnant, breast feeding,
or of childbearing potential; or participating in another clinical study within the last month.

Study design and dietary intervention: A prospective, randomized, placebo-controlled, parallel
design feeding trial was performed. After evaluation of eligibility criteria, study subjects were
instructed not to change their regular dietary habits and their current exercise program for the
duration of 12 week study.

All eligible subjects were randomly assigned to receive either 3 capsules of the KC
supplement or the placebo each day for 12 weeks. A 290 mg-capsule of the KC supplement
contained 160 mg powdery KC, 30 mg powdery fermentation precipitates, 97 mg crystalline
cellulose, and 2 mg calcium stearate. A daily dose of 6 capsules of the KC supplement containing
480 mg powdery KC used in the present study was chosen on the basis of our preliminary study
data showing that a substantial weight reduction can be seen in slightly obese adults after taking
more than 2 capsules of the KC supplement (160 mg as powdery KC) per day. Powdery
fermentation precipitates rich in various amino acids and peptides were added to the supplement
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for its nutritional enrichment. A placebo capsule containing only crystalline cellulose (228 mg)
and calcium stearate (2 mg) was prepared so as to be indistinguishable from the KC supplement
capsule in appearance and packaging. The product was kept hidden from the study subjects and
the study coordinator. All subjects were required to take 3 allocated capsules once a day after
breakfast with the aid of approximately 180 ml of water. Taking less than 85% of the prescribed
course of the allocated capsule was considered as non-compliance with the intervention. Such
non-compliant subjects were to be excluded from the efficacy assessment.

Anthropometrics: Height was measured at the beginning of the study. Body weight and waist
circumference were measured and BMI was calculated before the start and after the end of the
12-week intervention (baseline and week 12, respectively). At these 2 time points, abdominal x-
ray computed tomography (CT) was performed to measure body fat areas with all the subjects in
a spine position (ROBUSTO-Ei, Hitachi Medical Co., Japan 120 kV, 200 mA). Fat area was
calculated using built-in software. Total subcutaneous and visceral fat areas were measured on 1
cross-sectional scan image obtained at the navel, at 1 cm above the navel and at 1 cm below the
navel.

Food intake and exercise behavior: Subjects were strongly advised not to change their regular
dietary habits for the duration of the study. Food and beverage intake was measured via self-
report for preceding 3 days at the baseline, as well as at weeks 4, 8 and 12, and analyzed using a
software program (Calorie Checker Ver. 5, Techno Science, Tokyo, Japan). Those subjects,
whose estimated energy intake at any time point after the start of intervention increased or
decreased by 30% or above compared with the values at the baseline were removed from the
efficacy analysis.

All subjects were advised not to change their regular exercise habits during the study
period. The extent of current exercise or physical activity was represented by measures of a
passometer for the preceding 3 days of the baseline and at weeks 4, 8, and 12.

Blood and urine sampling and testing: Fasting blood samples were collected by venopuncture
at the baseline and at weeks 4, 8, and 12 in EDTA tubes. Plasma samples obtained after a
centrifugation at 1,000 x g for 10 min at 4°C were kept at -80°C until analysis. The
hematological and blood biochemical variables analyzed included: white blood cells, red blood
cells, hemoglobin, hematocrit, platelets, total protein, albumin, total cholesterol, high density
lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, triglycerides (TG),
glucose, total bilirubin, alkaline phosphatase, aspartate transaminase, alanine aminotransferase,
lactate dehydrogenase, y-glutamyltransferase, blood urea nitrogen, creatinine, uric acid, sodium,
potassium, and chloride. Urine samples were collected for the analysis of qualitative protein,
qualitative glucose, qualitative occult blood, and pH.

Ethics: This study adhered to all guidelines set forth in the Declaration of Helsinki (amended in
2008) and the Ethical Guidelines for Epidemiological Research (enacted by the Japanese
Government in 2004). Ethical approval was obtained from the Nihonbashi Cardiovascular Clinic
Ethics Committee (reference number: 23719). Written informed consent was obtained from all
subjects prior to starting the study. To ensure privacy, all records were identified with an
anonymous subject identification number.
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Safety assessments: Safety parameters were the incidence and severity of intervention-related
adverse events reported by the subjects that they had experienced, as well as of abnormal change
in hematological and/or blood biochemical variables, during the 12-week intervention.

Statistical analysis: Results are presented as the mean + standard error of the mean (SEM). Only
data from the subjects completing the study protocol were included for analysis. Clinical and
anthropometric variables were compared between the subjects in the placebo and KC groups via
Student’s unpaired t test. The Student’s paired t test was used to assess the within-group
difference between data collected at the baseline and those at week 12. The Student’s unpaired t
test was used for the between-group comparison of changes from baseline that were calculated
by subtracting the baseline value from the value at week 12. When P was <0.05, the differences
observed were considered statistically significant.

RESULTS:

Subjects: Forty-eight individuals (28 males and 20 females) eligible for the protocol were
enrolled in the study and assigned to either the placebo capsules (n=24; 14 males and 10 females)
or the KC supplement capsules (n=24; 14 males and 10 females). Although all subjects
completed the study, 3 subjects in the placebo group (1 male and 2 females) and 2 in the KC
group (1 male and 1 female) were excluded from the efficacy analysis for the reason that the
dietary total energy per day averaged during the 12-week intervention period changed from the
baseline by 30% or above. The ingestion rate for both of the placebo and KC groups was 98.3%
of capsules provided.

Based on the study diary, self-reported food intake including total energy during the 12-
week intervention period was examined. Group mean values for the placebo and KC groups
were: total energy, 2,034 + 51 and 1,937 + 62 kcal/day, respectively; protein, 70.0 + 2.0 and 69.1
+ 2.5 g/day, respectively; fat, 30.4 = 1.0 and 30.7 + 1.2 %kcal (relative to total energy),
respectively; and carbohydrate, 49.0 £ 1.4 and 49.8 £ 1.4 %kcal (relative to total energy),
respectively. All of the values met recommended intakes of total energy and individual
macronutrients as reported in the National Health and Nutrition Survey in Japan, 2011 (Ministry
of Health, Labour and Welfare, Japan). Moreover, the data showed that there was no significant
between-group difference in the mean value of total energy and macronutrient intakes. Likewise,
there was no significant over-time (baseline versus week 12) or between-group difference in
passometer measurement results (baseline, placebo: 8,165 + 674 steps/day versus KC: 8,289 +
882 steps/day; week 12, placebo: 8,078 + 589 steps/day versus KC: 8,208 + 604 steps/day) (all:
P>0.05).

Efficacy assessment: Table 1 shows the effect of the KC supplement on body weight, BMI, and
waist circumference in all subjects, as well as in males and females, over the 12-week
intervention in comparison with the placebo. In results obtained with all subjects, there was a
significant increase in the mean body weight for the placebo group (P<0.05), whereas the value
for the KC group was scarcely changed. This between-group difference in the change from
baseline led to a significant level (P=0.043). A similar trend in the change of mean BMI from
baseline was also observed within the individual groups, with a likely significant between-group



Functional Foods in Health and Disease 2013; 3(8):310-322

Page 315 of 322

difference (P=0.052). When analyzing males and females separately, a between-group difference
in body weight or BMI did not reach a significant level. The KC supplement intake did not seem

to have substantial effect on waist circumference in either male or female subjects.

Table 1. Data on anthropometric parameters at the baseline and week 12 of the intervention with
placebo or KC in all subjects (n=21 for placebo and 22 for KC), males (n=13 each for placebo
and KC) and females (n=8 for placebo and 9 for KC)

a
. Population . . Measurements Between-group difference
Variables Time points ) .
Analyzed Placebo group KC group in variance (P-value)
Height (cm) All subjects Baseline 165.7+£2.3 164.2+2.1
Males Baseline 171.5+2.0 171.1+1.7
Females Baseline 156.1+2.8 154.3+1.0
Body weight (kg) All subjects Baseline 74.9+2.1 74.4+2.0
Week 12 75.6+2.2° 74.4+2.0
Change 0.79+0.29 -0.02+0.26 0.043
Males Baseline 78.9+2.3 80.1+2.2
Week 12 79.4+2.5 80.0+2.2
Change 0.52+0.38 -0.14+0.31 0.191
Females Baseline 68.3+3.0 66.2+1.4
Week 12 69.5+3.0° 66.4+1.3
Change 1.23+0.41 0.17+0.46 0.109
BMI (kg/cm®) Al subjects Baseline 27.2+0.3 27.5+0.3
Week 12 27.5+0.4 27.5+0.3
Change 0.29+0.11 0.00+0.10 0.052
Males Baseline 26.8+0.4 27.310.4
Week 12 26.9+0.4 27.3+0.4
Change 0.16+0.13 -0.05+0.10 0.216
Females Baseline 27.9+0.5 27.8+0.5
Week 12 28.4+0.5 27.9+0.4
Change 0.50+0.17 0.07+0.20 0.122
Waist m(rg;r)nference All subjects Baseline 95.4+1.2 95.2+1.4
Week 12 94.8+1.4 94.7+1.4
Change -0.61+0.50 -0.58+0.27 0.954
Males Baseline 93.9+1.2 93.5+1.8
Week 12 92.6+1.3 92.6+1.9
Change -1.25+0.57 -0.87+0.38 0.578
Females Baseline 97.9+2.4 97.8+1.8
Weeks 12 98.3+2.6 97.6+1.8
Change 0.42+0.86 -0.17+0.35 0.514
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? Values are expressed as the mean + standard error of the mean (SEM). ® P<0.05 against the baseline
(paired Student's t test). KC, Kurozu concentrate; BMI, bady mass index.

The regional assessment on the effect of 12-week intervention with the KC supplement on
body fat was initially performed by measuring the total fat area, subcutaneous fat area, and
visceral fat area on abdominal CT sections at the navel. As shown in Table 2, when analyses
were performed on all subjects (including males and females separately) the mean values of all
the total fat area, subcutaneous fat area, and visceral fat area (for both of the placebo and KC
groups) increased significantly (P<0.01 or P<0.05) or insignificantly but substantially at the end
of 12-week intervention compared with baseline. The only exception was the subcutaneous fat
area for females in the KC group. However, the extent of the increase in value of these
abdominal fat-related parameters for the KC group generally appeared to be greater than that for
the placebo group; significant between-group differences in the change compared to baseline
were seen with the total fat area for all subjects (P=0.038), females (P=0.009), and the
subcutaneous fat area for females (P=0.033). It looks likely, therefore, that the KC supplement
may exhibit a greater anti-adiposity activity in females than males. To further examine this
possibility, the abdominal fat parameters were measured on 2 additional CT sections around the
navel, i.e, at 1 cm above the navel and at 1 cm below the navel. As illustrated in Figure 1,
compared to the placebo, the KC supplement significantly suppressed an increase of the total fat
area in 2 of the 3 CT sections (at the navel and 1 cm below the navel) for all subjects (P<0.05)
and for females (P<0.01). No such significant suppressive effect on the total fat area was seen in
any CT sections for males on the KC supplement. Moreover, in 1 or more CT sections,
significant suppression of the subcutaneous fat area (P<0.05, at the navel and 1 cm below the
navel) and visceral fat area (P<0.01, at 1 cm below the navel), were observed in females on the
KC supplement. However, this effect was not observed in male subjects or all subjects.

No significant between-group differences in values of blood lipids (LDL cholesterol, HDL
cholesterol and TG), fasting blood glucose, or systolic and diastolic blood pressures, were
observed at the end of the 12-week intervention (data not shown).

Safety assessment: The KC supplement and the placebo supplement were well tolerated.
Although 9 of 24 subjects (38%) ingesting the KC supplement and 14 of 24 subjects (58%)
consuming the placebo, once at least, reported some gastrointestinal adverse events, such as
gastralgia, abdominal pain, and diarrhea. All of these self-reported events were very mild in
intensity, occurred only temporarily, and were judged by the investigator as unrelated to the
intervention.
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Table 2. Data on abdominal fat-related parameters at the baseline and week 12 of the
intervention with placebo or KC in all subjects (n=21 for placebo and 22 for KC), males (n=13
each for placebo and KC) and females (n=8 for placebo and 9 for KC)

2\a
Measurements (cm-) Between-group

. Population Time . - -
Variables . difference in variance
cnalyzed - points  PIGEDO g g (P-value)
Total fat All . Baseline 310.6£17.2 314.3+£16.0
subjects
Week 12 339.0bil7.6 328.4bil7.6
Change 28.3+5.6 14.0+3.8 0.038
Males Baseline 281.7+15.7 281.5£17.8
Week 12 301.53:15.3 294.03:21.3
Change 19.8+6.9 12.5£5.6 0.422
Females Baseline  357.7£32.1 361.8421.9
Week 12 399.0{)128.6 377.9{)122.2
Change 42.247.7 16.2+4.54 0.009
Subcutaneous fat All . Baseline 198.0£17.0 212.6+16.1
subjects
Week12 2004177 51504170
Change 8.5+2.4 2.4+2.6 0.093
Males Baseline 157.0£99 172.0+17.4
Week 12 162.0£10.5 176.3+19.8
Change 5.1+£2.4 43134 0.857
Females Baseline 264.6:29.6 271.4+16.4
Week12 27868291 5o604185
Change 14.0+4.6 -0.5+4.1 0.033
. All .
Visceral fat . Baseline 112.7£8.0 101.7+6.2
subjects
Week 12 132.5+46.8° 113.4+5.8°
Change 19.843.9 11.6+2.7 0.088
Males Baseline 124.8£10.4  109.6+£8.6
Week 12 13935100 100,090
Change 14.7£5.4 8.242.9 0.301

Females Baseline 93.1£9.6 90.4+7.4
Week 12 121.3£6.6°  107.0+£6.6"
Change 28.2+4.1 16.6+4.7 0.086

*Values are expressed as the mean =+ standard error of the mean (SEM). ® P<0.05 and ©P<0.01 against the
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baseline (paired Student's t test). KC, Kurozu concentrate.
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Figure 1. Changes from the baseline in the total fat area (A, B, C), subcutaneous fat area (D, E,
F) and visceral fat area (G, H, 1) at 1 cm above the navel, at the navel and at 1cn below the navel
for all subjects (A, D, G), males (B, E, H) and females (C, F, I) after the end of the 12-week
intervention with placebo ([]) or KC supplement (). Values for the KC group were compared
with those for the placebo group: *P<0.05; and **P<0.01.

DISCUSSION:

This feeding study suggests the beneficial effect of KC supplementation on several factors
relevant to obesity or abdominal adiposity in obese Japanese adults, particularly females. In the
whole study population, which consisted of both males and females, daily ingestion of 870 mg of
the KC supplement (480 mg as KC) over 12 weeks was associated with a significant reduction in
body weight and a close-to-significant suppressive effect on BMI that were accompanied with a
significant suppression of the apparent increment of the total fat area measured at the navel and
below the navel, compared to the placebo. Moreover, in female subjects consuming the KC
supplement, a significant suppressive effect on the total fat area (at the navel and below the
navel), as well as the subcutaneous fat area (at the navel and below the navel) and visceral fat
area (below the navel) was observed. Different from this, the KC supplement had no appreciable
effect on blood lipids (total cholesterol, LDL cholesterol and TG) or fasting blood glucose. Thus,
we are led to the postulation that the anti-adiposity potential of the KC supplement may not link
with any lipid or glucose metabolisms but be more closely associated with suppression of
adipogenesis.

This possibility could be supported by the findings of Tong and co-workers, who
demonstrated from their animal study with Sprague-Dawley rats that ingestion of Kurozu
concentrated liquid (KCL) decreases the adipocyte size via inhibition of dietary fat absorption
without effect on the levels of any serum, hepatic lipids, or serum glucose [16]. These
investigators also demonstrated that KCL significantly inhibits pancreatic lipase activity in vitro
and concluded that KCL acts to suppress adipogenesis through inhibition of pancreatic lipase-
mediated intestinal dietary fat absorption. Presumably, KC may also be considered to have a
similar adipogenesis-suppressive action because of its sharing of common chemical properties
with KCL.

It remains to be answered which compound(s) actually is/are implicated in the putative
anti-adiposity effect of KC. One candidate compound is acetic acid, a main component of wine
vinegar. Acetic acid is contained in most conventional vinegars at a concentration of 3-9% [19].
There are reported human studies demonstrating that daily intake of a drink containing 15 mL
apple vinegar (750 mg as acetic acid) for 12 weeks is effective in reducing the blood cholesterol
and triglyceride levels as well as improving obesity [20, 21]. The exclusive contribution of acetic
acid to the beneficial anti-hyperlipidemic and anti-obesity effects of vinegar observed in humans
has been verified by several animal studies [20, 22-24]. However, the amount of acetic acid
actually contained in the daily dose of KC used in this study (approx. 20 mg as acetate) is far less
than that for the preceding human studies using apple vinegar. Therefore, acetic acid is likely un-
responsible for the anti-adiposity potential of the KC supplement.

Another group of candidate compounds present in KC are several phenolic acids, such as
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vanillic acid, sinapic acid, and ferulic acid; these compounds are known to show inhibitory
activity against pancreatic lipase [25]. Considering this, in conjunction with an animal study on
KCL which demonstrated the association of its in vivo activity to suppress adipogenesis with its
in vivo inhibition of pancreatic lipase-mediated dietary lipid absorption [16], these phenolic acids
are likely implicated in KC-induced body fat reduction. Further in vitro and in vivo studies will
be warranted to examine whether this is the case or not.

This study has some limitations. First, the number of subjects enrolled in both the placebo
and KC groups was small, this may have decreased the study’s ability to detect significant
differences between the 2 groups when analyzed. Second, since the chemical structure of KC is
not yet understood in detail, we were unable to specify the exact component(s) of KC causing its
nutraceutical effects. Extended larger studies are needed to assess the potential of this KC-based
dietary supplement for improving adiposity in obese subjects.

CONCLUSION:

The results of the present comparative study with the test and placebo groups have demonstrated
that a daily supplementation of 480-mg KC lowered (improved) several obesity-related
parameters, including body weight, BMI and abdominal fat areas on CT sections, with
significant between-group differences, in obese Japanese subjects, particularly females,
following an 12-week treatment. The KC supplement was well tolerated without any clinically
significant side-effects. It looks likely, therefore, that the KC supplement may have certain
benefits as a complementary therapy for obese individuals.

Competing interests: The authors have no financial interests or conflicts of interests.
Author’s contributions: All authors contributed to this study.

Abbreviations: BMI, body mass index; CT, computed tomography; HDL, high density
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