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Abstract Randomized, double-blinded, placebo-controlled, cross-over clinical trial was performed to assess effects of
fermented milk intake on antioxidant activities and blood alcohol levels of 26 heaithy volunteers. All subjects received
fermented milk (Kupffer’s®, n=13) or placebo (n=13) twice daily for 2 weeks. After 3 weeks resting period, subjects under
same test but in reverse role. In both tests, fermented milk intake significantly increased total antioxidant status (p<0.05) and
decreased thiobarbituric acid reactive substance (p<0.05) levels compared to before fermented milk intake. Blood alcohol
levels of fermented milk intake group were significantly lower than those of placebo group (p<0.05).
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Introduction

Antioxidation involves the removal of free radicals before
cell damages. The free radicals are produced as a part of
normal cellular metabolism and as a part of host defense
system; however, excess production of free radicals from
endogenous or exogenous sources may induce uncontrolled
tissue damage by reacting indiscriminately. In particular,
excess lipid peroxidation reaction transforms the cell wall
and destructs signal transduction system, eventually
causing diseases or cancers. After alcohol consumption,
the alcohol is absorbed rapidly into the bloodstream from
the stomach and intestinal tract. The absorbed alcohol is
metabolized mostly in the liver into acetaldehyde by
alcohol dehydrogenase (ADH), then into acetate by
aldehyde dehydrogenase (ALDH) (1). The acetaldehyde
suppresses the synthesis of albumin and transferrin in the
liver and enhances the production of free radicals, thereby
causing oxidative liver cell damages. Some bacteria in the
human gut also accomplish alcohol metabolisms.
Although humans and other organisms possess antioxidant
defense and repair systems, these systems are not effective
enough to totally prevent the damages (2). Thus,
antioxidant supplements or foods containing antioxidants
may be used to help the human body reduce oxidative
damages (3, 4).

The probiotic lactic acid bacteria have been suggested
to be helpful to human health and as well as for treatment
of some diseases (5, 6). Many researchers reported that
some fermented milk and lactic acid bacteria can enhance
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antioxidative system (7-12) and act on alcohol or
acetaldehyde metabolisms (13-15). In particular, some
lactobacilli and bifidobacteria are known as scavengers of
free radicals (7) and lipid peroxidation product malondi-
aldehyde (MDA) (3). These bacteria are known to have
ADH and ALDH activities and can reduce blood alcohol
or acetaldehyde level (13-15) in animal experiments.
Recent studies showed that fermented milk products such
as fermented goat milk and Kefir containing probiotic
lactic acid bacteria exert antioxidative effect in human (10)
and rat (11, 12). In this study, we examined the effects of
fermented milk intake on the serum antioxidant activity
and blood alcohol level in human.

Materials and Methods

Study design Randomized, double-blinded, placebo-
controlled cross-over clinical trial was conducted over a 7-
week period to evaluate the effects of fermented milk
intake on antioxidant activities and blood alcohol levels in
26 selected healthy volunteers. All subjects were randomized
into two groups. One group (Group A, n=13) received the
placebo for 2 weeks in the first test and, after three weeks
resting period, followed by the fermented milk
consumption for further 2 weeks in the second test. The
other group (Group B, n=13) received the fermented milk
in the first test and placebo in the second test. All subjects
ingested two bottles (150 mL/bottle) of samples per day
(morning and evening) during the two test periods. For
each test, four blood samples were collected for analysis of
total antioxidant status (TAS) and thiobarbituric acid
reactive substance (TBARS) at immediately before
starting and the last day of the test. At the last day of each
test, all subjects drank same amount of alcohol (50 mL,
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40% vol), and additional eight blood samples were
collected through heparinized angio-catheter just before
the drinking to after 4 hr for analysis of the blood alcohol
levels (0, 20, 40, 60, 90, 120, 180, and 240 min).

Samples All samples for the clinical trial were produced
by Korea Yakult Co. Fermented milk used was Kupffer's®,
which contains probiotics (HY7401, HY8001, CSG, and
CS332), known as lactic acid bacteria having alcohol
dehydrogenises activity (14, 15) and restrictive functions
against hazardous materials in the gut (9, 16). Kupffer’s
also contains betaine and multi-vitamin complex (vitamin
B,, B,, Bs, B¢, By, By, C, and E), among others. Placebo
was manufactured as follows: all the effective components
of Kupffer's® were extracted. For the purpose of
maintaining similar taste, mixed juice concentrate
(Northwest Naturals, WA, USA) and high fructose com
syrup (Samyang Jenex, Co., Korea) were mixed.

Analysis

TAS (total antioxidant status) Total Antioxidant Status
assay kit (Randox Lab. Ltd., UK) was used. Plasma
(20 uL) was mixed with 1 mL chromogen solution and
incubated for 1 min at room temperature. The absorbance
(A;) was measured at 600 nm. The substrate solution
(200 pL.) was then added (3 min incubation), and the
absorbance (A,) was measured at the same wavelength.
TAS (mmol/L) was determined using the following
equation.

Ay-A; = AA of sample/standard/blank

conc. of standard

Total Antioxidant Status ; Factor =mm

mmol/LL = Factor x (AA Blank - AA Sample)

TBARS (thiobarbituric acid reactive substance) Lipid
peroxidation assay kit (Calbiochem, CA, USA) was used
with  1,1,3,3-Tetramethoxypropane (TMOP) as the
standard. Plasma (200 pL) was added to 650 pL N-
methyl-2-phenylindole in acetonitrile solution. After 3-4
sec vortex-mixing, 150 uL methanesulfonic acid solution
was added, and the mixture was incubated for 60 min at
45°C. The absorbance was measured at 586 nm and
malondialdehyde (MDA) level was calculated using the
standard curve.

Blood alcohol concentration Cobas Integra system
(Integra 400, Roche, Germany) was used to determine the
blood alcohol concentrations. After adding 2 pL. serum to
120 pL buffer reagent (300 mmol/L 1,3-diamino-2-hydroxy-
propane, pH 9.0), 40 pL enzyme reagent (50 mmol/L
sodium citrate, 36 mmol/L NAD, and >2000 pkat/L. ADH)
was then mixed. Total volume was adjusted to 245 ulL
with distilled water, and the absorbance was measured at
378/409 nm, and the blood alcohol concentration (%) was
calculated.

Statistics The data were collated using Microsoft Excel,
and analyzed with the statistical package SPSS Version

12.0. The results were expressed as means and standard
deviations. Mean comparisons between groups were
analyzed through ANOVA and Student’s t-test for
independent samples. Two paired samples f/-tests were
performed to compare the means of TAS and TBARS
levels of before and after sample intake. The mean
changes in blood alcohol concentration were compared
both within each group and between groups using repeated
measures ANOVA, followed by Bonferroni method for
posthoc multiple comparisons.

Results and Discussion

General features of subjects There were no significant
differences between the two groups on age, height, weight,
and BMI (p>0.05) (Table 1).

Antioxidative effects of fermented milk In Group A at
the first test (placebo intake), no significant changes were
observed in TAS and TBARS levels. On the other hand, in
the second test (fermented milk intake), TAS significantly
(p<0.05) increased from 1.05£0.14 to 1.19+0.13 and
TBARS significantly (p<0.05) decreased from 25.2+4.5 to

Table 1. General features of 26 healthy subjects

No by A€ am ko G
GroupA 13 8/5 26.8+5.1 165.7+8.4 58.9+9.3 21.4+2.4
GroupB 13 5/8 30.0£5.6 167.9+8.2 62.3+133 21.9+3.6
p-vatuet 588 754 175 211
Total 26 13/13 28.4+5.5 166.8+8.2 60.6+11.4 21.7+3.0

7. Comparison by Student’s #-test for independent samples. ]
Group A: received placebo in the first dest and after 3 weeks resting
periods then fermented milk (Kupffer’s™) in the second test. Group B:
received fermented milk (Kupffer’s™) in the first test and after 3 weeks
resting periods then placebo in the second test.

Table 2. Changes of TAS values (mmol/L) of the cross-over
two tests

First test Second test
0 week 2 weeks 0 week 2 weeks
Group A 99+0.10  96x0.12  1.05£0.14" 1.19+0.13"
GroupB  1.01+0.18"  1.13£0.17"  1.08+0.17  1.07+0.12

* +: p<0.05. Comparison by Student’s #-test for paired samples. ]
Group A: received placebo in the first Jest and after 3 weeks resting
periods then fermented milk (Kup%r’s ) in the second test. Group B:
received fermented milk (Kupffer’s™ ) in the first test and after 3 weeks
resting periods then placebo in the second test.

Table 3. Changes of TBARS values (1M) of the cross-over two
tests

First test Second test
0 week 2 weeks 0 week 2 weeks
Group A 237447  249+47 25245 2017445
Group B 222156 17.146.07 222463  22.2+6.6

* F: p<0.05. Comparison by Student’s #-test for paired samples. ]
Group A: received placebo in the first test and after 3 weeks resting
periods then fermented milk (Kupffer's™) in the second test. Group B:
received fermented milk (Kupffer's”) in the first test and after 3 weeks
resting periods then placebo in the second test.
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21.744.5 (Table 2 and 3). In Group B, TAS significantly (p
<0.05) increased from 1.01+£0.18 to 1.13+£0.17 and
TBARS significantly (p<0.05) decreased from 22.2+5.6 to
17.1£6.0 in the first test (fermented milk intake), whereas
in the second test (placebo intake), no significant changes
in TAS and TBARS levels were obsérved (Table 2 and 3).
Above results showed that fermented milk intake
increased the TAS level and decreased the TBARS level in
humans. Recently, several researchers have reported
similar results. Han ef al. (9) reported L. brevis HY7401,
L. acidophilus CSG, and B. longum HY8001 in Kupffer’s®
decreased lipid peroxidation in the mouse liver treated
with CCly, and Ahn er al. (12) reported that fermented
milk intake (Kupffer’s®) improved hepatic antioxidative
system in alcohol-treated rats due to antioxidative activities
of lactic acid bacteria and ingredients in Kupffer’s®. The
antioxidative activity of lactic acid bacteria is known to be
due to their metal ion-chelating ability, scavenging reactive
oxygen species, and reducing activity (8). Many kinds of
antioxidants such as melanoidins, glycated proteins, and
glucose-glycine reaction products, which have radical-
scavenging activity and chelate metal ion, are produced
during the manufacturing of fermented milk (17-19). Thus,
we thought that various antioxidants, such as probiotics
and vitamins, in Kupffer’s® exhibited the antioxidative
activities in humans.

Changes of blood alcohol concentration In the first
test, blood alcohol concentration of Group B (fermented
milk intake) was lower than that of Group A (placebo
intake). In particular, there was a significant difference
between Group A (0.010938+0.00719%) and Group B
(0.005123+ 0.00471%) 40 min after alcohol consumption
(p<0.05) (Fig. 1). On the other hand, in the second test,
results opposite to those of the first test were found. The
blood alcohol levels of Group A (Fermented milk intake)
were lower than those of Group B (placebo intake), with a
significant difference between Group A (0.006885+
0.00490%) and Group B (0.010962+0.00047%) (p<0.05)
on 40 min data (Fig. 2). These results suggest that
fermented milk intake partly affect the human alcohol
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Fig. 1. Blood alcohol concentrations of two groups (first test)
followed by alcohol consumption (50 mL, 40% vol). Each bar
represents standard error of the mean. W : fermented milk, A :
placebo, *: p<0.05.
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Fig. 2. Blood alcohol concentration of two groups (second test
for cross-over) followed by alcohol consumption (50 mL, 40% vol).
Each bar represents standard error of the mean. ll : placebo, A :
fermented milk, * : p<0.05.

metabolism. In general, the alcohol is uptaken from gut
and metabolized in the liver. There are some reports that
several kinds of intestinal microbes have ADH and ALDH
activities (20-23). Furthermore, a possibility of intestinal
alcohol metabolism by some lactobacilli and bifidobacteria
having ADH and ALDH activities has recently been
introduced (13-15). The Kupffer’s® has many kinds of
functional lactic acid bacteria, among which L. brevis
HY7401 (14) and L. fermentum CS332 (15) are known to
possess ADH and ALDH activities. Ahn et al (14)
reported that, in experi-ments of potent metabolism of
ethanol and acetaldehyde in vitro and in vivo by
Lactobacillus strains, L. brevis HY7401 exhibited highest
ADH and ALDH activities, and its cell intake significantly
decreased the serum ethanol level in rats fed ethanol (4 g/
kg BW) compared to control groups. In addition, Yang et
al. (15) reported that breakdown of ethanol and the
conversion of acetaldehyde into acetate were observed in
mice intestines by L. fermentum CS332 after ethanol
intake. Based on these data, we suggest that Kupffer’s®
intake has a beneficial impact on decreasing the alcohol
level after alcohol consumption in humans.
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