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Abstract 
Human and animal alcohol-induced hangovers are caused by adverse effects 
of acetaldehyde formed in vivo by the enzymatic oxidation of ethyl alcohol to 
acetaldehyde. This study aims to determine the effect of the combination of a 
bioprocessed black rice bran (BRB-F) and glutathione-enriched yeast extract 
(GEYE) on hangovers as tested in rats and mice. Because analysis by HPLC 
showed that the content of the biologically active rice bran compound 
γ-oryzanol as well as of the antioxidant reduced glutathione were unaffected 
during the preparation of tablets containing 100 mg/kg of the bran formula-
tion, the tablets were then administered orally to rats. The results showed de-
creased blood concentrations of both alcohol and acetaldehyde compared to 
the control group. Additional behavior experiments using the Rota-rod and 
wire tests in mice confirmed that the food formulation relieved hangover be-
havior caused by alcohol. It seems that the combination of BRB-F and GEYE 
can effectively control hangovers in rodents caused by alcohol intake. Mecha-
nistic aspects of the hangover and anti-hangover effects of alcohol-derived 
acetaldehyde are similar to browning-type reactions between the aldehyde 
group of glucose and proteins, the antibiotic effects of cinnamaldehyde 
against pathogenic bacteria, the adverse effects of the heat-induced food toxin 
acrylamide, and the alkali-induced formation of the unnatural amino acid ly-
sinoalanine. 
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1. Introduction 

Black rice bran contains biologically active compounds, including phenolics, 
flavonoids, and anthocyanins with potential health benefits [1]. In a series of 
published studies, we reported on the health-promoting properties of black rice 
brans bioprocessed (fermented) with other foods, including mushroom poly-
saccharides and mycelia, reviewed in [2]. To place the results of the present 
study in proper perspective, we will first briefly highlight the observed beneficial 
effects. 

Using a panel of chemical, biochemical, and cell assays, Choi, et al. [3] dem-
onstrated anti-allergic effects of five black rice bran water-ethanol (70% v/v) extracts. 
The anti-allergic effects were accompanied by modulation of the pro-inflammatory 
cytokines. Black rice bran from the LK1-3-6-12-1-1 cultivar was the most effec-
tive inhibitor in all assays. Feeding a standard diet with added 10% black rice 
bran significantly suppressed induced allergic contact dermatitis on the skin of 
mice [4]. By contrast, nonpigmented brown rice bran was ineffective. The skin 
healing effect was accompanied by a reduction of inflammatory biomarkers, 
suggesting the potential value of black rice bran as an anti-inflammatory and 
antiallergic food ingredient. Intraperitoneal or oral administration of a poly-
saccharide isolated from Lentinus edodes (Shiitake) mushroom mycelia bio-
processed with black rice bran also protected mice against necrosis of the liver 
caused by pathogenic Salmonella typhimurium bacteria through the activation 
of a macrophage-mediated immune response resulting from augmented im-
munity [5]. In a related study, Kim, et al. [6] found that the bioprocessed mu-
shroom polysaccharide-black rice bran product also protected mice against en-
dotoxemia (sepsis, septic shock), an inflammatory, virulent often lethal human 
disease, via stimulation of the immune system. Another investigation by Kim, 
et al. [7] reported that the antibiotic mechanism of a bioprocessed shiitake 
(Lentinus edodes) mushroom mycelia and black rice bran formulation against 
Salmonella enterica involves the phagocytosis of extracellular bacteria, auto-
phagic capture of intracellular bacteria, and prevention of translocation of bac-
teria across the intestinal epithelial cells. The in vivo antimicrobial properties 
suggest that the formulation could serve as a functional antimicrobial food and 
medical antibiotic. A study by Choi, et al. [8] found that feeding tumor-bearing 
mice black and brown rice bran for 2 weeks reduced tumor mass by 35% and 
19%, respectively. The tumor regression was associated with increases in cyto-
lytic activity of splenic natural killer cells and inhibition of angiogenesis, sug-
gesting the possible value of the formulation as an anti-cancer functional food. 
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Feeding tumor-bearing mice a standard diet for 2 weeks supplemented with the 
black rice bran component γ-oryzanol also significantly reduced tumor mass [9]. 
The mechanism of this tumor regression was also associated with the induction 
of natural killer cell activity, activation of macrophages, and inhibition of an-
giogenesis, suggesting the possible value of γ-oryzanol in cancer therapy. We 
also reported that turmeric and elm bark bioprocessed in mushroom mycelia 
media also exhibited in vivo anti-allergic and antibiotic health benefits [10] 
[11]. Because ethanol-derived acetaldehyde toxicity seems to be a major cause 
of human and animal hangovers, these multiple health-promoting benefits of 
black rice bran-based functional foods motivated us to consider determining if 
bioprocessed (fermented) black rice bran, containing the anti-cancer compound 
γ-oryzanol, combined with a yeast extract containing the antioxidant reduced 
glutathione would also inhibit ethanol-induced hangovers in rats and mice, the 
objective of the present study. 

2. Materials and Methods 
2.1. Materials 

2-Propanol, acetic acid, trifluoroacetic acid (TFA), ethanol, and carboxymethyl 
cellulose (CMC) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Po-
tato dextrose agar medium (PDA) was purchased from Difco Laboratory (De-
troit, MI, USA). Glutathione-enriched yeast extract was purchased from Zhe-
jiang Senyo Biotech. Co., Ltd. (Huzhou City, China). 

First, confirm that you have the correct template for your paper size. This 
template has been tailored for output on the custom paper size (21 cm × 28.5 
cm). 

2.2. Cultivation of Mushroom Mycelia and Preparation of a  
Bioprocessed Polysaccharide (BRB-F) 

Lentinus edodes fungal mycelia were isolated from the mushroom fruitbody and 
cultured on PDA medium. The genetic identity of the fungus was confirmed by 
the Korean Center of Microorganisms (Seoul, Korea). The mycelium cultured in 
PDA media was inoculated into 50 mL of the liquid medium (Table 1). Incuba-
tion experiments were performed in 250 mL Erlenmeyer flasks for 5 days at 28˚C 
on a rotary shaker (120 rpm) and used to seed the main liquid culture. The main 
liquid medium contained black rice bran (20 g/L) and dried soybean powder (2 
g/L). Subsequently, the medium was treated with amylase and protease enzymes 
at 60˚C for 60 minutes for enzymatic digestion of particulate matter containing 
carbohydrates and proteins. The culture was then adjusted to pH 6.0 using HCl, 
and then sterilized in the autoclave. Experiments on the main liquid culture were 
started by inoculating the inoculum (10%) of pre-cultured mycelium using a 5 L 
fermenter (working volume of 3 L) at 28˚C and 150 rpm. After 7 days, the cul-
ture mass was crushed in a colloid mill (model PUC60 Hankook Power Tech-
nology System, Seoul, Korea). The powder was treated with 0.1 M lactic acid for 
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60 min, then treated with an enzyme mixture for cell wall lysis containing cellu-
lose, hemi-cellulase, pectinase, glucanase, mannose, and arabinase at 50˚C for 60 
min. Subsequently, the acid-treated and enzyme-treated cultures were extracted 
with hot water at 90˚C for 1 h and lyophilized with a solid material. Table 1 
shows the composition of the liquid culture used to carry out the bioprocessing 
operation.  

2.3. Analysis of γ-Oryzanol and Reduced Glutathione in a Tablet  
and Pill Prototypes 

HPLC analysis was carried out according to the method described by the Shi-
mazu Corporation [12], and Sutariya, et al. [13] with slight modification. For 
γ-oryzanol analysis, 0.5 g of sample was placed in 50 mL volumetric flask and 
dissolved with ethyl alcohol, ultrasonically extracted for 60 minutes, and allowed 
to cool to room temperature for 10 minutes. The extract was filtered using a 0.45 
mm membrane filter. A Shimadzu HPLC system and SPD-M20A Diode Array 
Detector (Shimadzu, Kyoto, Japan) were used, and the analysis column was 
Shim-pack GIS CN (150 × 4.6 mm, 5 mm, Shimadzu). The mobile phase was 
analyzed in the isocratic mode for 15 minutes at a 5:95 ratio using isopropanol 
(A) and 1% acetic acid in hexane (B). The flow rate was 0.5 mL per minute, the 
temperature of the column oven was 30˚C, the detection wavelength was 320 
nm, and the injection volume of the sample was 20 mL (Table 2). For reduced 
glutathione analysis, 0.25 g of sample was placed in a 1000 mL volumetric flask 
and dissolved with 0.1% trifluoroacetic acid in water, stirred for 10 minutes, and 
filtered with a 0.45 mm membrane filter. The Shimadzu HPLC system and 
SPD-M20A Diode Array Detector (Shimadzu, Kyoto, Japan) were used, and the 
analysis column was Triart C18 (250 × 4.6 mm, 5 mm, YMC). The mobile phase 
was analyzed in the isocratic mode for 30 minutes at a 95:5 ratio using 0.1% trif-
luoroacetic acid in water(A) and 0.1% trifluoroacetic acid in acetonitrile(B). The 
flow rate was 0.8 mL per minute, the temperature of the column oven was 30˚C, 
the detection wavelength was 214 nm, and the injection volume of the sample 
was 20 mL (Table 3). 
 
Table 1. Composition of the liquid medium used for L. edodes mycelia culture. 

Ingredients Amount (%) 

Glucose 2 

Yeast extract 0.5 

Soy peptone 0.5 

KH2PO4 0.2 

MgSO4 0.05 

FeSO4 0.002 
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Table 2. HPLC conditions for the analysis of γ-oryzanol. 

Instrument Shimadzu HPLC 

Column Shimadzu Shim-pack CN Column (150 × 4.6 mm, 5 mm) 

Column Temp. 30˚C 

Mobile phase Time (min) A: 2-propanol B: 1% acetic acid, hexane 

(Isocratic mode) 0 5 95 

 15 5 95 

Detector PDA (320 nm) 

Flow rate 0.5 mL/min 

Injection volume 20 mL 

 
Table 3. HPLC conditions for the analysis of reduced glutathione. 

Instrument Shimadzu HPLC 

Column YMC Triart C18 column (250 × 4.6 mm, 5 mm) 

Column Temp. 30˚C 

Mobile phase Time (min) A: 0.1% TFA, water B: 0.1% TFA, ACN 

(Isocratic mode) 0 5 95 

 15 5 95 

Detector PDA (214 nm) 

Flow rate 0.8 mL/min 

Injection volume 20 mL 

2.4. Preparation of Anti-Hangover Pills and Tablets 

Anti-hangover pills and tablets were produced by the Natural Way Co., Ltd. 
(Pocheon, Korea) and CNS Pharm Korea Co., Ltd. (Eumseong, Korea) compa-
nies, respectively. The pills were prepared by mixing BRB-F (20% of total 
weight) and GEYE (13.3% of total weight) with an excipient. The mixture was 
used to prepare the pills with the aid of a pill-making machine and then dried in 
a dryer. The tablets were prepared by mixing BRB-F (28.8% of total weight) and 
GEYE (19.2% of total weight) with excipients, the mixture was granulated, and 
then tableted using a tablet press. 

2.5. Alcohol and Acetaldehyde Scavenging Assay In Vivo 

Animal experiments using rats were carried out according to the method de-
scribed by Lee, et al. [14] and Yang, et al. [15]. Pathogen-free male SD rats, 7 
weeks old, were purchased from DBL Co. Ltd. (Eumseong, Korea). The rats were 
housed in a stainless-steel cage under a 12 h light/dark cycle with a temperature 
range of 23˚C ± 3˚C and relative humidity of 50% ± 10%. Rats were fed the pel-
letized normal commercial chow diet (Cat. No. 5L79, Orient Bio., Seongnam, 
Korea) and tap water ad libitum for 1 week after arrival for acclimation. Accli-
matized rats were arbitrarily divided into the following five groups (for deter-
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mination of dosage, n = 10) or three groups (for experiment of prototype, n = 
10), avoiding any intergroup difference in body weight. Rats were orally admi-
nistered samples for each concentration in 0.5% CMC after fasting for 18 hours, 
and 40% ethanol was orally administered at a concentration of 3 g/kg 30 minutes 
after sample administration. After 0 hour, 30 minutes, 1 hour, 3 hours, and 5 
hours, blood was collected from the tail vein, and after 8 hours rats were sacri-
ficed, and blood was collected by heart puncture. The collected blood was left on 
ice for 30 minutes and centrifuged at 2000 × g for 30 minutes to separate the se-
rum. The amount of alcohol and acetaldehyde in the serum was measured ac-
cording to the manufacturer`s instruction using an alcohol assay kit (Cell Bi-
olabs, Inc. San Diego, CA) and acetaldehyde assay kit (BioAssay Systems, Hay-
ward, CA). All experimental procedures were carried out in accordance with the 
guidelines of the Institutional Animal Care and Use Committee at Chuncheon 
Bioindustry Foundation (CBF IACUC No. 2020-002). 

2.6. Mouse Behavior Test 

Animal experiments using mice were carried out according to the method de-
scribed by Karadayian, et al. [16]. Pathogen-free male ICR mice, 6 weeks old, 
were purchased from DBL Co. Ltd. (Eumseong, Korea). The mice were housed 
in a stainless-steel cage under a 12 h light/dark cycle with a temperature range of 
23˚C ± 3˚C and relative humidity of 50% ± 10%. Mice were fed the pelletized 
normal commercial chow diet (Cat. No. 5L79, Orient Bio.) and tap water ad li-
bitum for 1 week after arrival for acclimation. Motor control and balance were 
tested using accelerating Rota-rod (B.S Technolab Inc. Seoul. Korea). Animals 
were acclimated to the Rota-rod twice a day for 2 days before the experiment 
and the running time and the falling frequency was measured before 40% alco-
hol administration at a concentration of 3 g/kg and after 0.5 h, 1 h, 3 h, 5 h, and 
8 h, respectively. Running time was evaluated by measuring the time the mouse 
exercised without falling at 4 rpm, and the falling frequency was evaluated by 
measuring the number of times the mouse fell while exercising at 4 rpm for 30 
minutes. Limb strength and balance were evaluated through a wire test. Mice 
were adapted to a wire (55 cm wide, 2 mm thick metallic wire) 2 days before the 
experiment. The mice were then hung on the wire after alcohol administration. 
The latency time and falling frequency was then measured at 0.5 h, 1 h, 3 h, 5 h, 
8 h, respectively. Latency time was evaluated by measuring the time taken until 
the mouse first fell off the wire, and the falling frequency was evaluated by mea-
suring the number of times the mouse fell from the wire for 5 minutes. 

2.7. Statistical Analysis 

Results are expressed as the mean ± SD of three independent experiments. Sig-
nificant differences between means were determined by the one-way ANOVA 
test followed by Duncan’s multiple range test using the Statistical Analysis Soft-
ware package SAS (Cary, NC, USA). p < 0.05 is regarded as significant. 
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3. Results 
3.1. Alcohol and Acetaldehyde Scavenging-Like Activity by  

Different Ratios of BRB-F and GEYE 

To confirm the scavenging-like activity of BRB-F and GEYE against alcohol and 
acetaldehyde, scavenging-like activity was measured using alcohol and acetalde-
hyde assay kits and methods described in the literature [17] [18] [19]. The re-
sults in Table 4 show that the scavenging-like activity against alcohol and ace-
taldehyde by BRB-F alone was very low. Although the GEYE treatment did in-
crease the scavenging-like activity, the increase for the combination of BRB-F 
and GEYE with a ratio of 3:2 was significantly greater: 4.74-fold for acetaldehyde 
scavenging and 4.75-fold for alcohol scavenging. 

3.2. Blood Alcohol and Acetaldehyde Scavenging Activity Induced  
by the BRB-F and GEYE Mixture 

The effect of the mixture of BRB-F and GEYE on alcohol and acetaldehyde me-
tabolism in the body was confirmed using a rat hangover animal model. Alcohol 
was administered 30 minutes after the administration of the BRB-F and GEYE 
complex. The measured blood alcohol and acetaldehyde concentrations con-
firmed that concentration-dependent decreases in alcohol and acetaldehyde 
concentrations were observed at all administered doses shown in Figure 1(A) 
and Figure 2(A) and Figure 1(B) and Figure 2(B). The data show that, based 
on calculated areas under the curve (AUC), administration of the BRB-F and 
GEYE mixtures at 50, 100, and 200 mg/kg resulted in 10.7%, 19.3%, and 30.9% 
dose-dependent inhibitory effects, respectively. The corresponding calculation 
for acetaldehyde (Figure 1(B), and Figure 2(B)) also shows dose-dependent in-
hibitory effects of 7.9%, 16.9%, and 23.2%, respectively. These observations in-
dicate the combination is effective in reducing the blood levels of the two com-
pounds that are associated with producing hangovers in rats. 
 
Table 4. In vitro alcohol and acetaldehyde scavenging activity for different ratios of 
BRB-F and GEYE. 

Sample (10 mg/mL) 
Alcohol scavenging-like activity 

(%) 
Acetaldehyde scavenging-like activity 

(%) 

BRB-F only 13.9 ± 1.2e 7.23 ± 0.52e 

GEYE only 42.5 ± 3.8d 14.9 ± 1.2d 

BRB-F 1: GEYE 1 57.2 ± 2.0c 37.1 ± 3.2a 

BRB-F 2: GEYE 1 62.2 ± 5.7bc 25.9 ± 1.6b 

BRB-F 1: GEYE 2 73.5 ± 5.0a 16.8 ± 2.8cd 

BRB-F 3: GEYE 2 68.3 ± 4.3a 34.3 ± 2.5a 

BRB-F 2: GEYE 3 70.1 ± 3.5b 19.6 ± 1.5c 

Data are expressed as the mean ± SD of triplicate experiments. Values sharing a common letter are not sig-
nificantly different at p < 0.05. 
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Figure 1. Rat blood alcohol scavenging activity of 3:2 mixture of BRB-F and GEYE. 
Changes in blood alcohol concentration (A) and blood alcohol concentration AUC (B) 
over time after alcohol administration. *p < 0.05 for means (n = 10) of each treatment 
versus the ethyl alcohol only control for each time; bars sharing a common letter are not 
significantly different at p < 0.05. 

 

 

Figure 2. Blood acetaldehyde scavenging activity according to the dosage of BRB-F and 
GEYE mixture. Changes in blood acetaldehyde concentration (A) and blood acetaldehyde 
concentration AUC (B) over time after alcohol administration. *p < 0.05 for means of 
each treatment with ethyl alcohol as the control for each time; bars sharing a common 
letter are not significantly different at p < 0.05. 

3.3. γ-Oryzanol and Reduced Glutathione Analysis of Tablet and  
Pill Formulations 

Samples were analyzed for γ-oryzanol and reduced glutathione using the HPLC 
conditions shown in Table 2 and Table 3. Representative chromatograms are 
shown in Figure 3. The samples included BRB-F, GEYE, BRB-F and GEYE in a 
ratio of 3:2 in a mixed powder made before the formulation of pills and tablets, 
which were also analyzed. The results show that the mixture contained 101% 
and 100% of added γ-oryzanol and reduced glutathione, respectively. Surpri-
singly, the content of γ-oryzanol and reduced glutathione in the pills was only 
62% and 43.3%, respectively, of the quantities added before the pills were made, 
thus showing significant losses during pill production. This was not the case for 
the tablets, which have 101% content of both γ-oryzanol and reduced gluta-
thione that corresponds to the original amounts added to the BRB-F powder. 
These results show that the concentrations of the two compounds decreased 
during the manufacture of the pills but not the tablets. We therefore used the 
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tablets for the in vivo studies. 

3.4. Blood Alcohol and Acetaldehyde Scavenging Activity of the  
Tablets 

We investigated the effect of administering the tablets on the blood alcohol and 
acetaldehyde concentrations at a dosage of 208 mg/kg (containing 100 mg/kg of 
BRB-F and GEYE mixture). The results show that both blood alcohol and ace-
taldehyde concentrations decreased significantly compared to the control group 
(Figure 4(A), Figure 5(A)). The calculated values using AUC confirmed that 
alcohol and acetaldehyde levels decreased by 38.3% and 36.9%, respectively 
(Figure 4(B), Figure 5(B)). These findings indicate that the use of tablets con-
taining the developed anti-hangover products might be a convenient way to test 
their efficacy in human trials.  

 

 

Figure 3. HPLC chromatograms for γ-oryzanol analysis: 15.63 ppm γ-oryzanol standard (A), BRB-F only (B), BRB-F and 
GEYE mixture powder before formulation (C), pill type formulation (D) and tablet type formulation (E). Chromatograms for 
reduced glutathione analysis: 250 ppm reduced glutathione standard (F), GEYE only (G) BRB-F and GEYE mixture powder 
before formulation (H), pill type formulation (I), and tablet type formulation (J). 
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Figure 4. Blood alcohol scavenging activity of anti-hangover tablets. Changes in blood 
alcohol concentration (A) and blood alcohol concentration AUC (B) over time after al-
cohol administration. *p < 0.05 for means of each treatment versus ethyl alcohol as the 
control for each time period. Bar graphs sharing a common letter are not significantly 
different at p < 0.05. 

 

 

Figure 5. Blood acetaldehyde scavenging activity of anti-hangover tablets. Changes in 
blood acetaldehyde concentration (A) and blood acetaldehyde concentration AUC (B) 
over time after alcohol administration. *p < 0.05 for means of each treatment versus ethyl 
alcohol as the control for each time periods. Bars sharing a common letter are not signif-
icantly different at p < 0.05. 

3.5. Anti-Hangover Tablets Relieve Alcohol-Induced Behavioral  
Disorder in Mice 

To confirm the described in vivo anti-hangover effects in rats, we evaluated the 
effect of the orally administered tablets in mice. The tablets were administered 
30 minutes before alcohol administration at a concentration of 208 mg/kg (con-
taining 100 mg/kg of the BRB-F and GEYE mixture). The effect on the behavior 
of the treated mice and controls without the tablets was evaluated using the 
known Rota-rod test and wire behavior tests. The results using the Rota-rod test 
in Figure 6 show an increase in exercise duration and a decrease in the falling 
frequency compared the ethanol control group without the tablets. With the 
wire test, the results show that the time it took for the first drop increased and 
the falling frequency decreased (Figure 7) compared to the ethanol control 
group. Taken together, the two results suggest that the tablets have an inhibitory 
effect on the alcohol-induced psychomotor alteration in the mice. The psycho-
motor data seem to reinforce the anti-hangover effect of the therapeutic tablets. 
This aspect also merits confirmation in clinical studies with human patients.  
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Figure 6. The time-dependent effect of improving hangover behavior by the anti-hangover 
tablets using in the Rota-rod behavior test (A). This figure shows the time the mice spent 
exercising without dropping at 4 rpm. Figure (B) shows the falling frequency of the mice 
during exercise for 30 minutes at 4 rpm. *p < 0.05 for means (n = 10 of each treatment 
compared to ethyl alcohol control group of mice for each time period. 

 

 

Figure 7. (A) The effect of the anti-hangover tablets on improving hangover behavior 
using the wire test and the time it took for the first falling. (B) The falling frequency of the 
mice while hanging for 5 minutes. *p < 0.05 for means of each treatment compared to the 
ethanol control group. 

4. Discussion 
4.1. Related Studies 

Here, we will briefly mention several reported studies of the anti-hangover ef-
fects of some food-based and other natural products. An investigation by Lee, 
Song, Kim, Joo, Park, Jeon, Shin, Park, Lee, Ly, Kim, Lee and Kim [14] of the ef-
fects of a preparation of combined glutathione-enriched yeast (GEY) and rice 
embryo/soybean (RES) extracts (20:1), GEY/RES, on experimentally induced 
ethanol hangover in male Sprague-Dawley rats found that GEY/RES reduced the 
blood concentrations of alcohol and acetaldehyde by modulating alco-
hol-metabolizing enzymes and by exhibiting antioxidant activity, suggesting that 
it might be a promising candidate for improving an alcoholic hangover. Bajpai, 
et al. [20] reported that heat-treated cucumber juice detoxified alcohol in expe-
rimental rats. A human study by Mammen, et al. [21] found that clove bud po-
lyphenols alleviated changes in inflammation and oxidative stress biomarkers 
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associated with binge drinking. Two reviews describe the use of natural products 
to prevent hangovers [22] [23]. The authors of the second review concluded that 
the available evidence suggests that several products are capable of significantly 
improving some, but not all, of the symptoms related to alcohol hangover and 
that further research is necessary to develop clinically effective hangover treat-
ments.  

4.2. Mechanistic Aspects 

Acetaldehyde is a toxic byproduct of alcohol metabolism found in the blood fol-
lowing alcohol consumption. Adverse effects associated with nonenzymatic co-
valent protein binding by acetaldehyde are most likely associated with the mod-
ification of structural and functional proteins and DNA [24] [25]. Although we 
do not know the exact mechanism that governs the anti-hangover effect of the 
new food product, the beneficial effects most likely occur by alleviating systemic 
inflammatory reactions caused by alcohol consumption, stimulation of the im-
mune system [26] [27], and by facilitating glutathione activity by reducing oxi-
dized glutathione (GSSG) to the antioxidative reduced form (GSH). GSH is a 
cysteine-containing tripeptide that can react rapidly with acetaldehyde in plasma 
and tissues alleviating adverse hangover effects as described below for L-cysteine. 

Modeling and analytical studies by Lewis, et al. [28] suggest that a protonated 
Schiff base structure generated from acetaldehyde in vivo may be central to pa-
thophysiological outcomes because it determines the structure of the stable co-
valent adduct formed. Also noteworthy are reports that the SH-containing ami-
no acid L-cysteine alleviates the alcohol-related hangover symptoms of nausea, 
headache, stress and anxiety in humans [29]. We reported on the beneficial ef-
fects of L-cysteine in preventing food browning in fresh and dehydrated potatoes 
and in apples [30] [31], the reduction of adverse effects of acrylamide in frog 
embryos [32] [33], the inhibition of formation of the unnatural amino acid lysi-
noalanine in proteins [34] as well as on the antibiotic effects of cinnamaldehyde [35]. 
The effects of L-cysteine are most likely the result of more rapid competitive nuc-
leophilic addition reactions of its SH groups with the aldehyde groups of acetalde-
hyde and the conjugated double bond of acrylamide and dehydroalanine that react 
to form analogous alkylation products. Because the pKa value of NAC and conse-
quently its nucleophilic reactivity of the ionized SH group of N-acetyl-L-cysteine 
(HSCH2CH(NHCOCH3)COOH, NAC) is greater than that of L-cysteine [36], it 
would be of interest to determine if NAC [37] and GSH in which cysteine is part 
of a tripeptide [38] might exhibit greater anti-hangover activity than L-cysteine 
in rodents and humans. 

5. Conclusion 

This investigation has shown that a food-based product prepared by mixing bi-
oprocessed black rice bran containing the bioactive compound γ-oryzanol and a 
glutathione-containing yeast extract inhibited the ethyl alcohol oxidation to ace-
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taldehyde in vitro and in rodents and the behavioral disorders in mice caused by 
alcohol consumption. The combined effects in rats and mice demonstrate sup-
pression of alcohol-induced hangovers by the new food product. The results 
suggest the potential value of the new functional food product to ameliorate 
hangover-related adverse effects in humans. This finding complements our 
above-mentioned studies of several other health benefits of bioprocessed black 
rice bran-containing formulations. Therefore, it is likely that the described new 
functional food, a black rice bran containing product, might, in addition to an-
ti-hangover properties, also have potential for use against a broad range of other 
diseases. Moreover, it also seems that the mechanism of the anti-hangover ef-
fects could be analogous to previously described mechanisms of food browning 
and its prevention, in vivo inhibition of adverse effects of the food processing 
induced toxin acrylamide and the amino acid lysinoalanine, as well antibiotic ef-
fects of cinnamaldehyde. Finally, it would also be useful if clinical trials could 
determine if the black rice bran product might help protect individuals against 
excessive (abusive) alcohol consumption that causes liver cirrhosis and cancer 
[39]. 
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