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In the interplay of the gut microbiota and endogenous ethanol production, the production of ethanol through the

endogenous fermentation of carbohydrates is an inevitable result. “Alcohol-producing” processes may be succinctly

abstracted to ethanol’s constant formation from acetaldehyde in the human body through various metabolic processes. In

such cases where it is not introduced from the environment, it is called “endogenous ethanol”.
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1. Introduction

Bioreactors are devices or systems maintaining a biologically active environment in which a chemical process that

involves organisms or biochemically active substances is carried out . Even though there is enough evidence to support

the concept of auto-brewery syndrome (ABS; sometimes referred to as gut fermentation syndrome, endogenous ethanol

fermentation, or drunkenness disease), parties in the legal process do not employ this strategy frequently . In the

interplay of the gut microbiota and endogenous ethanol production, the production of ethanol through the endogenous

fermentation of carbohydrates is an inevitable result . Even though ABS would seem to be a rarely diagnosed

condition, legal experts should be aware that it exists and that it could require a different legal treatment. Greater attention

should be paid to this entity after a report of the production of alcohol in a rather atypical part of the digestive system, i.e.,

the oral cavity .

Unexplained intoxication symptoms—such as disorientation, dizziness, and ataxia—are common presentations of ABS.

Clearly, alcohol consumption must be excluded.

“Alcohol-producing” processes may be succinctly abstracted to ethanol’s constant formation from acetaldehyde in the

human body through various metabolic processes . In such cases where it is not introduced from the environment, it is

called “endogenous ethanol” .

Alcohol metabolism is influenced by the host’s state of energy, nutrition, and hormones, but it essentially basically involves

three simple steps. In the first step, ethanol is oxidized to the product acetaldehyde. Afterward, acetaldehyde is oxidized to

acetate; generally speaking, much of the acetaldehyde produced from the oxidation of alcohol is oxidized in the liver to

acetate (circulating levels of acetaldehyde are low under normal conditions). In peripheral tissues, this is activated by a

key Acetyl CoA. Two key enzymes are included in these steps (Figure 1), namely, alcohol dehydrogenase (ADH) and

aldehyde dehydrogenase (ALDH), which, in healthy individuals, are involved in the breakdown of ethanol and

acetaldehyde into harmless acetate. Acetyl CoA is also the key metabolite produced from all major nutrients, i.e.,

carbohydrates, fat, and excess protein .
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Figure 1. Alcohol metabolism in the human body comprises three crucial steps: after alcohol is metabolized by by ADH

into a toxic acetaldehyde, it is then oxidized to acetic acid and acetyl-CoA. Acetyl-CoA is free to enter directly into the citric

acid cycle. However, under alcoholic conditions, the citric acid cycle is stalled by the oversupply of NADH derived from

ethanol oxidation.

Accordingly, the resulting carbon atoms from alcohol are the same products produced from the oxidation of

carbohydrates, fat, and protein. Dietary recommendations for adult humans advise that carbohydrates make up 45% to

65% of total daily calories . This quota is easy to accomplish since the molecules are found in a wide array of food

products. However, there are carbohydrates available to organisms besides those in food .
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2. Blood Ethanol Levels

Blood ethanol levels in healthy individuals may vary between 0 and 0.7 mmol/L, and in patients with diabetes or cirrhosis,

even higher levels are observed . The first reliable (chromatographic) article published on the

concentrations of endogenously produced ethanol was that written by Lester from 1962. He established that the “normal”

blood alcohol concentration (BAC) of humans, without exogenous intake, ranges from 0.0 to 0.071 µg/dL . These

concentrations result from the permanent production of acetaldehyde. The human body constantly forms ethanol

acetaldehyde through various metabolic processes . Later reports have claimed to find body fluids with abnormally high

concentrations of ethanol in apparently healthy individuals; however, these reports happen to suffer from methodological

deficiencies, a complete lack of appropriate control trials, or the use of overly comprehensive methods of analysis. The

majority of the searched literature consisted of case reports or case series. Even case reports may be used to develop or

write a systematic review. A special protocol for systematic reviews that use reports or studies of cases/case series was

consulted . This protocol is especially useful in disciplines like forensic medicine, where case reports/studies are a

common practice.

For instance, besides Lester’s finding of endogenous ethanol production , more recent researchers, such as Al-Awadhi

et al., provided some new perspectives on ABS and established that endogenous ethanol production could occur at 0.04

mg/dL . Yet another large-sample study from Saudi Arabia yielded blood ethanol concentrations so modest that they

were far too low to have any forensic significance .

With reliable means, e.g., gas chromatography (GC), it was determined that the concentrations of endogenous ethanol in

the peripheral venous blood of healthy individuals, as well as those afflicted by specific metabolic conditions (diabetes,

hepatitis, and cirrhosis), hardly surpassed 0.08 mg/dL .

What about all those other cases? Forensics and legal professionals often settle cases with any plausible drunk-driving

defense strategy ; however, a consensus stating that this metabolic disturbance is rare should be reached .

Yeast, certain mold fungi species, and several bacterial strains are capable of producing lactic acid and ethanol when in

anaerobic conditions (in particular, Candida albicans and Saccharomyces cerevisiae can anaerobically convert

carbohydrates into endogenous ethanol and carbon dioxide) . They employ the Entner–Doudoroff pathway (typically

prokaryotic heterofermentation) . The fermentation process begins via Embden–Meyerhof’s glycolysis, which is

typical for eukaryotes . Moreover, resulting from additional reactions involving the Ehrlich pathway, higher alcohols are

produced . Unfortunately, blood ethanol concentration is considered fundamental evidence in cases of driving under

the influence of alcohol, regardless of its origin .

The gut fermentation of carbohydrates in the human body, acting as a bioreactor, in amounts sufficient to produce the

effects of intoxication is relatively rare , but the gut microbiota is present even in the more subtle form of an

endogenous brew . In this biological process, which is called alcoholic fermentation, sugars are converted into

energy for cells, with ethanol and carbon dioxide produced as by-products . The average person passes about 0.5 L of

gas a day, which is a by-product of fermentation; this value is far from enough to produce an intoxicating effect. As a rough

estimate, increasing this value from 0.00 to 1.0 g/kg in two hours would require a person to pass approximately 20 L of

gas during a given period . Alcoholic beverages and ethanol fuel employ this very process .

Thus, it is reasonable to conclude that the microbiota has a range of hand-in-glove microorganisms that have learned to

exist with us . Interestingly, organisms known to ferment sugar and generate copious amounts of gas, particularly bacilli

and Gram-negative cocci, were found in samples from an autopsy of a boy from Africa who died after the perforation of

the back of the wall of the abdominal cavity due to extreme gas distention .
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