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ABSTRACT

International Journal of Exercise Science 14(2): 222-229, 2021. The purpose of this study was to
investigate the influence of acetic acid (apple cider vinegar; ACV) supplementation on resting and exercise energy
expenditure and substrate utilization. Using a randomized, double blind, crossover design, 16 healthy subjects were
supplemented for 4 d with either ACV (30-ml/d) mixed in 1 L of a non-nutritive lemon-flavored drink or a placebo
(PLA). They were then assessed via indirect calorimetry for resting energy expenditure (REE) and substrate
utilization. This was immediately followed by the assessment of steady state cycling exercise energy expenditure
at40 W (EEE-40) and 80 W (EEE-80) and substrate utilization. Results: Neither REE nor resting substrate utilization
were significantly different between groups (p = .05). During cycling exercise at both 40W and 80W, there were no
significant differences observed between groups for energy expenditure (EEE-40: ACV 4.13 + 0.79, PLA 4.37 £ 0.61
kcal/min; EEE-80: ACV 6.09 £ 0.87, PLA 6.26 + 0.72 kcal /min) or substrate utilization (40W carbohydrate: ACV 0.72
+0.19, PLA 0.76 £ 0.16; fat: ACV 0.15 £ 0.07, PLA 0.16 + 0.06 g/ min), (80W carbohydrate: ACV 1.28 +0.32, PLA 1.34
+ 0.35; fat: ACV 0.14 + 0.10, PLA 0.14 + 0.10 g/min) (p 2 .05). Conclusions: Recent findings suggest that chronic
acetic acid supplementation is associated with significant reductions in body weight and body fat; however, the
findings of the present study suggest that a semi-acute (4 d) acetic acid supplementation does not impact resting or
exercise energy expenditure or substrate utilization.

INTRODUCTION

Vinegar’s origin is largely shrouded in mystery. Legend states that a courtier in Babylonia (5,000
BC) “discovered” wine, from forgotten grape juice, leading to the eventual discovery of both
vinegar and its food preserving capabilities (7). Ancient civilizations used vinegar for a variety
of purposes, with Hippocrates using it to treat wounds, fever, and sores (2). Early U.S.
practitioners used it to treat poison ivy, croup, stomachache, high fever, and edema (2).

With the increasing popularity of at-home medicine, researchers have recently begun to
investigate some of the purported health benefits of vinegar (4). Most notably, improved
cardiovascular function (12, 18) and glycemic control (1, 8, 13). Additionally, vinegar has been



Int | Exerc Sci 14(2): 222-229, 2021

shown to increase fatty acid oxidation, interrupt lipogenesis, increase energy expenditure, and
reduce body mass and fat mass (10, 6, 21).

Investigation into vinegar’s role in weight loss has been primarily limited to animal models (6,
10, 21) and the mechanisms by which it stimulates weight loss are still unclear. Proposed
mechanisms include an interruption of glucose stimulated lipogenesis (21), an increase in
thermogenesis and fatty acid oxidation (10), and an increase in energy expenditure and
alterations in substrate utilization (6). In the only two reported human trials, vinegar was shown
to reduce both body mass and fat mass (9, 11). While the mechanisms by which vinegar may
stimulate weight loss in humans are unclear, two notions have been posited. 1) it stimulates an
increase in satiety (3, 15), and 2) it increases energy expenditure and substrate oxidation (6).

While there are several animal studies suggesting a positive effect of vinegar supplementation
on energy balance and weight management (6, 10, 21), there is a paucity of investigations of its
effects in humans (11). Therefore, the purpose of this study was to investigate the effect of semi-
acute vinegar supplementation on resting and exercise energy expenditure, as well as substrate
utilization at rest and during steady state exercise. It was hypothesized that a 3-day
administration of vinegar would stimulate changes in resting and exercise metabolism and
substrate utilization.

METHODS

This research was approved by the Institutional Review Board for the use of Human Subjects
in Research (IRB-03379-2016) and was carried out fully in accordance to the ethical standards
of the International Journal of Exercise Science (14). Inclusion criteria were non-smoking
individuals over the age of 18, free of any metabolic altering medical conditions, and not
consuming any nutritional/ mineral supplements during the previous 30-d. Participants were
required to maintain their normal physical activity levels through the duration of the study.
For each laboratory testing session, subjects were requested to be at least 4-h post prandial,
having refrained from exercise within the previous 12-h, and also having abstained from
caffeine and alcohol for at least 24-h prior.

Each participant arrived in the laboratory on three separate occasions, with a minimum of 2-d
between visits. The first visit was a familiarization trial. The second and third visits were
experimental trials, one being a treatment trial and the other being a placebo trial. These
experimental and placebo trials were administered using a randomized, double blind,
crossover design.

Protocol

Upon arrival in the laboratory, subjects completed an informed consent, Physical Activity
Readiness Questionnaire (19) and a health history questionnaire, and were then assessed for
measures of body mass, height, and body composition (Discovery DXA System, Marlborough,
MA). They then underwent a familiarization trial during which resting energy expenditure
(REE) was estimated via open-circuit indirect calorimetry (Vmax Encore Metabolic Cart; Yorba
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Linda, CA). Flow volume and gas calibrations were performed prior to each testing session
according to the manufacturer’s instructions. Subjects were asked to assume a supine position
and a Plexiglas ventilated hood was placed over their head. Expired gases were assessed for 30-
min during which the flow rate was monitored to insure a FECO; between 0.75-0.85%. The REE
was determined from 5-min of steady state respiratory gas measurements assessed during
minutes 20-30.

Upon completion of the REE assessment, the metabolic cart was immediately recalibrated to
facilitate exercise testing and the subject was fitted with a facemask and mass flow sensor. The
subject then performed 20-min of continuous exercise on a cycle ergometer (Monark 874 E,
Vansbro, Sweden) with the first 10-min performed at 40-Watts and the last 10-min performed at
80-Watts. Heart rate was monitored via telemetry (Polar electro Inc., Lake success, NY) and
recorded during the final 2-min of each workload. Expired gas volumes and fractional
concentrations of Oz and COz were analyzed and used in the assessment of energy expenditure
and substrate utilization. Energy expenditure was calculated as [3.94(VO.) + 1.1(VCOy)] (20)
with resting data expressed as kcal/d and exercise data expressed as kcal/min. Substrate
oxidation rates were calculated for fat as [1.695(VO2) - 1.701(VCOz)] and carbohydrate as
[4.585(VCOy) - 3.226(VOy)] with resting data expressed as g/d and exercise data expressed as
g/min (16).

Subsequent to completion of the familiarization trial, treatment and placebo trials were
administered in a randomized, double blind fashion and the solutions were prepared by an
individual not involved in data collection or having any participant interaction. For each of the
trials, subjects were provided six drink bottles, each containing 500 ml of either the treatment or
placebo solution. Subjects were instructed to drink the contents of one bottle in the morning and
one bottle in the evening for three consecutive days. On the fourth day, they arrived in the
laboratory and were instructed to consume an additional 500 ml of the respective solution. 1-h
post consumption they were then assessed for REE and exercise energy expenditure (EEE) in
the same fashion as described in the familiarization trial. Following a minimum of 2-d, subjects
then completed the alternate trial condition.

The treatment and placebo solutions both consisted of a flavored, low-calorie drink mix (Crystal
Light Lemonade, Kraft Foods, Chicago, Illinois). This was mixed at 150% of the manufacturer’s
recommended concentration to provide a strong lemonade flavor and to increase tartness and
sweetness in an attempt to disguise the vinegar taste. The treatment solution also contained an
addition of 30-ml of apple cider vinegar (Double Shot - Apple Cider Vinegar with the Mother;
Vermont Village, Village Cannery of Vermont, New Hampshire) in each liter of solution. While
not directly assessed, informal debriefing of several subjects indicated that the drinks were
indistinguishable from one another.
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Statistical Analysis

A 3 x 9 Factorial Analysis of Variance was used to assess for differences between the three trials
(familiarization, treatment, placebo) for REE (kcal/day), resting substrate utilization (g
carbohydrates (CHO)/day and g fat/day), EEE (kcal/min) and substrate utilization (g
CHO/min and g fat/min) at both 40-Watts and 80-Watts. All data were reported as mean + SD
and statistical significance was set at a < .05.

RESULTS

Demographics (Table 1). A total of 21 participants volunteered to participate in the study and met
the inclusion criteria; however, three were excluded due to noncompliance with
supplementation or attendance, and there was corruption of the data for two additional subjects,
leaving a final participant pool of n = 16 (5 males, 11 females). There were no adverse events
reported during the course of the study.

Table 1. Subject demographics. Values are expressed as mean + SD.

Body weight (kg) 722+122
Height (cm) 168.7 +10.8
Age (y1) 22+2
Body fat (%) 23.6+55

Resting energy expenditure (REE) and substrate utilization (Table 2). REE was not significantly
different between groups (p = .05). Effect sizes calculated as Cohens d (placebo vs. treatment)
REE: .06, Fat: .08, Carbohydrate: .15. There were also no significant differences in resting
substrate utilization between treatments.

Table 2. Resting energy expenditure and substrate utilization. Values are expressed as mean + SD.

Familiarization Placebo Vinegar
Resting energy expenditure (kcal/d) 1629 £ 209 1654 £ 235 1669 + 264
Substrate utilization (g/d)
Fat 114.8 +44.1 121.5+36.8 118.4 +36.7
Carbohydrate 155.0 +147.7 135.2+75.7 146.4 + 65.8

Exercise Energy Expenditure (EEE) and substrate utilization (Figure 1). EEE was not significantly
different between groups at cycling power outputs of either 40W or 80W (Table 3). Effect sizes
calculated as Cohens d (placebo vs. treatment) 40W: .34, 80W: .21. Likewise, there were no
significant between group differences in either fat or carbohydrate utilization at cycling power
outputs of 40W or 80W.
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Figure 1. Substrate utilization for Familiarization, Placebo and Treatments trials at cycling power outputs of 40-
Watts and 80-Watts, respectively. There were no significant differences noted between trials for carbohydrate or
fat utilization at either cycling intensity (p > .05).

The cycling power outputs employed in this study, 40-Watts and 80-Watts, were chosen to
elicit light and moderate intensity efforts, respectively. The cycling power output of 40-Watts
elicited a heart rate of 105 + 15 b/ min which equated to 53 + 7% of age predicted maximal
heart rate (APMHR) (220-age). The cycling power output of 80-Watts elicited a heart rate of
135 £ 17 b/min which equated to 67 + 8% of APMHR.

DISCUSSION

The administration of acetic acid, the main component of vinegar, to mice was reported by
Kondo et al. (10) to suppress fat deposition and weight gain, while at the same time maintaining
skeletal muscle mass. Hattori et al. (6) supported these findings when they reported that acetic
acid administration significantly increased energy expenditure and suppressed fat
accumulation. While these reports were derived from animal work, it immediately drew interest
in the potential use of vinegar in weight management in humans. Two human studies furthered
this interest when it was reported that vinegar supplementation was associated with significant
loss of both body mass and fat mass (9, 11). In light of these findings, the purpose of the present
study was to investigate if semi-acute vinegar supplementation would have any impact on REE
or steady state EEE, as well as substrate utilization both at rest and during exercise. In contrast
with these previous studies, our findings indicate that vinegar supplementation does not
increase energy expenditure or substrate utilization at rest or during light or moderate intensity
exercise.

There are several factors, at least in part, that may provide insight into the contrasting findings
reported in the present study. The first factor to be considered is the choice of an acute or chronic
vinegar administration period. The protocol of Hattori et al. (6) was an acute administration, via
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gastric tube, of a 1.5% acetic acid solution to laboratory mice. This protocol demonstrated an
increase in energy expenditure and fat oxidation 1 h after administration. Kondo et al. (11) chose
a chronic protocol consisting of 12 weeks of either a low dose (15 ml/d) or a high dose (30 ml/d)
vinegar consumption delivered in a 0.5 L of solution. Their findings revealed a progressive and
significant reduction in body mass, BMI, and body fat mass after 4-, 8-, and 12-weeks,
respectively. Interestingly, four weeks after discontinuing the vinegar administration, all of
these measures had returned to the pre-treatment values. Khezri et al. (9) also chose to
investigate a chronic vinegar supplementation using the same quantity as Kondo et al. (11);
however, in this instance, rather than subjects consuming the vinegar diluted in solution,
subjects consumed 15-ml of vinegar with a salad at both lunch and dinner (30-ml daily). Similar
to the findings of Kondo et al. (11), the vinegar treatment was associated with significant changes
in body mass, BMI, and visceral adiposity.

The experimental design of the present study was a compromise of these previous studies in
that a “semi-acute” administration was chosen. In this, each day the subjects consumed the same
total volume of vinegar (30 ml/d) as Kherzi et al. (9) and Kondo et al. (11) with 15-ml of vinegar
consumed in 0.5-L of solution two times per day. Subjects arrived in the laboratory and
consumed a final 15-ml of vinegar in 0.5-L of solution. 1-h later they underwent assessment for
indirect calorimetry which is similar in timing to the administration and assessment chosen by
Hattori et al (6). Despite our experimental protocol attempting to maximize the variables
previously associated with significant findings, our results did not support these earlier studies.

The mechanism by which acetic acid/vinegar impacts body mass and composition has yet to be
tully elucidated; however, there are generally two schools of thought: 1) It enhances energy
expenditure, suppresses carbohydrate utilization, and enhances fat oxidation (10, 21), or 2) It
reduces hunger and hence, energy intake (2, 9, 15, 17). This study was designed to specifically
investigate vinegar’s influence on energy expenditure and substrate utilization. While animal
work has demonstrated vinegar to significantly impact these parameters (6, 10, 20), the fact that
no statistically significant differences were revealed in our study suggests that, at least in
humans, if vinegar is to have an impact on weight management and body composition, the
research focus needs to be directed toward chronic supplementation and its effect on satiety and
energy intake.

This study carried several limitations. First, there was no direct assessment of the effectiveness
of the treatment masking protocol. However, during informal debriefing of subjects there were
no reports of being able to distinguish between the treatment or placebo. Second, no direct
assessments were taken of reported side effects during the treatment or placebo protocols. Past
literature has reported the unpalatable nature of vinegar as a possible explanation for weight
loss (3). However, considering some groups have controlled for energy intake, this notion is
unlikely (11).

To the author’s knowledge this is the first study to investigate the effect of vinegar
supplementation on resting and exercise energy expenditure and substrate utilization in
humans. While previous vinegar supplementation studies have demonstrated body and fat
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mass loss, the present findings suggest this is not due to acute changes in metabolic rate or
substrate utilization. Future vinegar supplementation research should be directed toward
investigating the impact of chronic supplementation, specifically its effects on energy
metabolism, and also its impact on satiety.
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