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Purpose: Occasional meal-related bloating, gassiness, and discomfort can affect the quality of life of healthy individuals without 
a diagnosis of gastrointestinal conditions. This study explored the efficacy and tolerability of a digestive enzyme and herbal dietary 
supplement in alleviating these symptoms.
Subjects and Methods: Adults aged 18–45 years (n = 25) with daily post-meal bloating but no pre-existing condition were enrolled. 
After obtaining informed consent, the fasted participants were randomized to consume either placebo or test product and consume 
a test meal. Waist circumference was measured at baseline and at 30- and 90-minutes post meal. Participants rated the severity of 
bloating, distension, gas, and indigestion on a 4-point scale. Following a 1-week washout, the participants repeated the procedure using 
the alternate product.
Results: Participants (n = 20) experienced 58% less abdominal distension at 30 minutes (0.93 cm vs 1.50 cm, P = 0.04) and 68% less 
at 90 minutes with the test product compared to the placebo (0.94 cm vs 2.12 cm, P = 0.007). Overall, 80% of participants reduced 
distension with the test product. No significant differences were noted between questions assessing momentary bloating, distended 
stomach, gas, or indigestion. There was a trend to agree that the test product was effective for overall feelings of bloating, stomach 
discomfort and distension, and indigestion, with 65% of participants reporting less stomach discomfort and 55% reporting feeling less 
gassy than normal with the test product. No product-related adverse events or discomfort were reported.
Conclusion: Digestive enzymes and herbal dietary supplements effectively reduced post-meal abdominal distension in healthy 
subjects, without adverse effects.
Keywords: digestive enzymes, clinical trial, bloating, gas-related symptoms

Introduction
Gastrointestinal symptoms, such as gas, discomfort, bloating, and distention, are not only ailments in individuals 
diagnosed with functional gastrointestinal diseases or syndromes (ie, irritable bowel syndrome). Bloating and abdominal 
distension in particular are widely reported, ranging from 16%,1 14%,2 and 8.9% to 19% (distension and bloating, 
respectively)3 in samples representative of the general US population.

The etiology of these GI complaints is complicated, with multiple contributing factors that have not been fully 
elucidated. Some report bloating and distension with flatulence or burping, some not. While no unified pathophysiologic 
mechanism can be applied to all subjects, some etiologies include increased intraluminal content (from excess gas, air, 
water, fecal material), alterations in gut microbiota, abnormal gastrointestinal motility, diet or food intolerance, pelvic 
floor dysfunction, underlying pathologies, visceral hypersensitivity or a paradoxical abdominophrenic response called 
abdominophrenic dyssnergia, which is characterized by diaphragm contractions and descent and relaxation of anterior 
abdominal wall muscles, leading to abdominal distension, in contrast to the normal response to increased intraluminal 
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gas.4–7 Studies of subjects presenting with bloating have documented both increased intestinal gas accumulation and 
abnormal gas transit, with some patients feeling bloated with actual distension, while others have no distension.8

It has been reported that 50% of subjects who reported bloating (but no IBD diagnosis) had a reduction in their daily 
activities.1 The widespread prevalence and impact on quality of life may have contributed to the expansion of dietary 
supplement products marketed to reduce bloating. The digestive health market, which includes digestive enzymes, 
probiotics, herbs, and others, for the United States alone has been estimated to be as high as $99 billion in 2023.9

For meal-related GI distress, various individual and blends of digestive enzymes have shown efficacy in reducing 
intestinal gas produced by fermentation of undigested food. For example, the enzyme alpha-galactosidase acts by 
breaking down nonabsorbable oligosaccharides in the gastrointestinal tract and is effective in reducing breath hydrogen 
and preventing gas formation in the colon.10,11 It has been shown to be an effective and well-tolerated treatment for 
gas-related symptoms in pediatric patients taking consistently,12 healthy adults with a single meal of beans,11 and 
adults with IBS who took with a low FODMAP but high galactooligosaccharide diet.13 Gluten-digesting enzymes, 
including peptidase and proteases, reduced symptoms including bloating and discomfort in a sample of individuals 
with nonceliac gluten sensitivity.14 When taken before a fatty meal, lipase supplementation reduced feelings of 
stomach fullness.15

This study aimed to evaluate the effectiveness and tolerability of a dietary supplement containing a blend of 18 
digestive enzymes and three herbal ingredients to relieve meal-related distension and bloating in healthy adults.

Materials and Methods
Design
This was a single-center, double-blind, randomized, placebo-controlled, crossover clinical study conducted in an 
ambulatory setting between July and December 2022.

This study was approved by the Argus IRB and was registered at Clinicaltrials.gov (NCT05520411) and conducted in 
accordance with the principle of the Declaration of Helsinki.

Subjects
Eligible participants were recruited from Citruslab’s proprietary app-based network of volunteers residing in the Los 
Angeles metro area who responded to an advertisement for the study on the app. The study subjects were male or females 
aged 18–45 years with self-reported bloating or abdominal distension at least once per day after a meal. Exclusion criteria 
included those who were pregnant or breastfeeding, currently taking any prescribed medication to treat gut diseases, fluid 
balance, and currently suffering from any preexisting conditions including diagnosis of IBS, chronic constipation, 
gastroesophageal reflux disease (GERD), Crohn’s disease, ulcerative colitis, celiac disease, liver disease, kidney disease, 
heart failure, and lactose allergy or intolerance. Additional exclusion was for behavioral or health habits that may lead to 
or exacerbate bloating, including exclusion of current smokers, those with any food allergies, wearers of dentures, use of 
an antibiotic in the previous 3 months, taking an iron supplement of >65 mg in the last week, and any condition that 
would prevent them from consuming the test products or test meal.

Participants completed a baseline prescreen survey, and 25 subjects were recruited and consented, with 5 lost to 
follow-up between visits 1 and 2 (Figure 1).

Intervention
Participants visited the study site on two separate occasions in a fasted state and were randomized via computerized 
randomization to receive either placebo or test supplement at the first visit. Surveys and waist circumference were 
measured at baseline and 30 and 90 minutes after consuming the test meal. The participants were instructed to consume 
the test product or placebo immediately before consuming the test meal. Both participants and staff implementing the 
intervention were blinded to patient allocation.

The test meal consisted of two slices of a large cheese pizza from a local restaurant.
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The test product consisted of a commercially available dietary supplement containing a proprietary blend of 18 
digestive enzymes (a blend of proteases, lactase, lipase, amylases, cellulases) and herbs (ginger root, fennel seed, 
peppermint leaf). The placebo was a similar-looking capsule of maltodextrin starch.

Assessment
Waist circumference was performed by a trained laboratory staff member and measured with a measuring tape flat against 
the skin at the level of the umbilicus parallel to the ground around the subject. The subjects were asked to breathe 
normally, and measurements were taken at exhalation. The measurements were repeated twice, and the average value in 
centimeters was reported. Difference scores were calculated with positive values indicating a decrease in waist 
circumference from baseline to the measurement point and negative values indicating an increase in waist circumference.

Survey questionnaires asked participants to rate the momentary severity of bloating, distended stomach, gas, and 
indigestion on a 4-point scale (severe, moderate, mild, or absent). At the 90-minute time point, the participants also rated 
their agreement with statements using a Likert-type scale.

Following a washout period of at least 1 week, participants returned and completed the study procedures with the 
product they had not yet used (either test product or placebo) (see Figure 1).

Both subjects and investigators administering the procedures were blinded to the study allocation.

Statistical Methods
Descriptive statistics, including mean and standard deviation for continuous and categorical variables, were summarized. 
Analyses were completed for the intent-to-treat sample. Independent sample t-tests were used to examine differences in scores 
between the placebo and test product groups. Data were examined for normality distribution with a visual inspection of 

Figure 1 CONSORT Flow Diagram.
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histograms and Shapiro-Wilk test. To normalize the abdominal distension measures (the primary outcome variable), difference 
scores were created for comparisons across the groups. Paired sample t-tests were conducted to examine the differences in the 
scores calculated at the same time points during the two visits. The survey responses were assessed using dependent-sample 
t-tests on paired samples. Statistical significance was set at 0.05, and JASP software version 0.16.2 was used for all analyses. 
Power calculation was not conducted given the pilot nature of this trial to identify short-term effects and effects size.

Results
Twenty participants completed both visits. Five participants dropped out due to scheduling conflicts to attend the follow- 
up visit. One participant outlier was removed from the waist circumference analysis because the difference scores were 
greater than four standard deviations of what would be expected.

Participants experienced 58% less abdominal distension as assessed by the waist circumference measure 30 minutes 
after taking the test product with a meal compared to the placebo (0.93 cm vs 1.50 cm difference) and 68% less than 90 
minutes after taking the test product with a meal compared to the placebo (0.94 cm vs 2.12 cm difference) with a meal. 
The difference was greater at 90 minutes with a statistically significant difference at both 30 minutes post-meal (P = 0.04) 
and 90 minutes post-meal (P = 0.007 (see Table 1). Overall, 80% of the participants had less distension with the test 
product than with placebo.

No significant differences were noted between the mean Likert-type responses to momentary bloating, distended 
stomach, gas, and indigestion. However, there was a trend for less severe bloating and indigestion at both 30- and 90- 
minutes post meal for the test product compared to the placebo (see Table 2).

Overall, participants reported that they preferred to continue taking the test product versus the placebo (P = 0.04) and felt 
that it helped them digest better (P = 0.07). There was a trend to strongly agree that the test product was effective for overall 

Table 1 Difference Score Results from Waist Circumference 
Measures

Difference Score from  
Baseline to 30 Minutes

Difference Score from  
Baseline to 90 Minutes

Test Product −0.63 (1.57) −0.67 (1.92)

Placebo −1.50 (0.94) −2.12 (1.55)

T-Test 

P value

0.040 0.007

The means and standard deviations (in parentheses) of the difference scores are 
displayed in table above. The difference in scores was calculated by subtracting the 
measurement at the time post-meal from the baseline measurement (negative numbers 
represent a larger circumference after the meal than at baseline).

Table 2 Means and Standard Deviations of Common Gastrointestinal Issues After the Test Meal

Test Product Placebo

30 Minutes Post Meal 90 Minutes Post Meal 30 Minutes Post Meal 90 Minutes Post Meal

Bloating 2.45 (0.69) 2.05 (0.69) 2.50 (0.69) 2.15 (0.88)

Distended Stomach 2.30 (0.87) 2.20 (0.89) 2.35 (0.81) 2.10 (0.85)

Gas 1.70 (0.80) 1.45 (0.83) 1.40 (0.68) 1.60 (0.82)

Indigestion 1.40 (0.68) 1.40 (0.68) 1.50 (0.61) 1.50 (0.69)

The means and standard deviations of the variables are included in each cell. The response options for participants were absent (1), mild (2), moderate (3), 
or severe (4).
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feelings of bloat, stomach discomfort, distension, and indigestion, with 65% of participants reporting less stomach discomfort 
than normal with the test product and 55% reporting feeling less gassy than normal with the test product (see Table 3).

No adverse events or discomfort associated with the product were reported by participants.

Discussion
This study evaluated the effects of a test product and a placebo administered with a test meal on abdominal distension and 
subjective assessments of related symptoms. Overall, the test product was effective at reducing the severity of abdominal 
distension compared to the placebo. Specifically, participants experienced significantly less distension at 30 minutes, with 
the test product condition (−0.63 cm) performing better than the placebo condition (−1.50 cm), with continued effectiveness 
at 90 minutes after taking the test product (−0.67 cm) compared to the placebo (−2.12 cm). These findings were statistically 
significant and revealed noteworthy changes in reduced distension when the test product was used.

When asked to rate the severity of their bloating, distention, gas, and indigestion at 30 and 90 minutes after their 
meal, participants reported less severe bloating (at 30- and 90-minutes post-meal), less severe distention at 30 minutes 
post-meal, less gas at 90 minutes post-meal, and less indigestion (at 30- and 90-minutes post-meal). However, no 
significant differences were found between the test conditions for any self-report measures. As this study examined a test 
product with a single meal occasion, it is possible that extended use would result in a compounded effect and more 
substantial long-term improvement.

Practice guidance for the management of bloating and indigestion includes a variety of agents including antispasmo-
dics, secretagogues, dietary modification, probiotics, prokinetic agents, neuromodulators, biofeedback, and complemen-
tary and alternative approaches.5 As an alternative approach, digestive enzyme supplementation appears to be effective in 
reducing intestinal gas and bloating symptoms via breaking down of various constituents that may be nondigestible with 
supplementation of alpha-galactosidase (and the commercially available product “Beano”) to treat oligosaccharide 
intolerance being well-studied and shown to reduce flatulence10,11 A commercially available multi-enzyme proprietary 
blend (protease, amylase, lipase, cellulase and lactase) Poolzyme® Multi (Giellepi S.p.A., Milan, Italy) was evaluated in 
subjects with functional dyspepsia and shown to improve quality of life and sleep quality, but the authors did not disclose 
any specific benefits to bloating or abdominal distention symptoms.16 The efficacy of a dual layer tablet Combizym 
(Daiichi-Sankyo Europe, Germany) that contains an extract of Aspergillus oryzae with cellulase, protease, amylase and 
pancreatin has been evaluated in several clinical trials, including one with 151 patients that reported after 2 weeks post 
meal three times a day supplementation there was a significant improvement in abdominal distension, belching, and 
abdominal pain.17 Various digestive enzymes are routinely prescribed or recommended as part of the management of 
digestive and malabsorption disorders, including lactose intolerance and pancreatic insufficiency.18 A 2018 systematic 

Table 3 Descriptive Data from the Likert Scale Questions

Test Product Placebo P value

The test product helped me feel less bloated than I normally do after a meal. 3.40 (0.94) 3.15 (1.14) 0.46

I felt less stomach discomfort after the meal than I normally do. 3.65 (0.99) 3.20 (1.15) 0.21

My stomach felt less distended after taking this supplement than it normally does. 3.20 (1.15) 3.15 (1.18) 0.88

I felt less gassy than normal. 3.45 (1.09) 3.50 (1.05) 0.86

I felt less indigestion after the meal than I normally do. 3.45 (0.89) 3.40 (1.05) 0.86

I felt the product helped me digest better. 3.55 (0.89) 3.00 (1.21) 0.07

I would like to continue using the product 3.80 (1.01) 3.30 (1.34) 0.04

Notes: The means and standard deviations of the questions divided by the test group. The response options were 1 (strongly disagree), 2 (disagree), 
3 (neither agree nor disagree), 4 (agree), and 5 (strongly agree). The P value column represents the P value from the dependent t-test conducted on 
values in the same row. 
Abbreviations: GI, gastrointestinal; IBS, Irritable Bowel Syndrome; GERD, Gastroesophageal reflux disease; FODMAP, fermentable oligosaccharides, 
disaccharides, monosaccharides, and polyols.
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review explored enzyme therapy treatment in “patients who may benefit from enzyme therapy”, including “those with 
meal-associated dyspepsia (eg, abdominal distension, belching, abdominal pain, abdominal distention and epigastric 
burning)” and concluded that the data overall support benefits of enzyme therapy for post-prandial complaints including 
bloating and abdominal distension.19

In addition to the blend of digestive enzymes, the herbal ingredients fennel seed, ginger root, and peppermint leaf may 
contribute to the beneficial effects of distension and discomfort.

The efficacy of herbal medicines for the treatment of functional gastrointestinal disorders was subjected to a review 
and meta-analysis by Tan et al in 2020.20 Subgroup analysis revealed that herbal medicines were superior to placebo in 
symptom alleviation for IBS, functional diarrhea, and constipation. In particular, peppermint oil has been shown to 
provide beneficial physiological effects, including normalization of GI motility, reduced hypersensitivity, reduced 
inflammation, and suppression of excess gastric secretions).21

The results show that the test production inclusion of a blend of digestive enzymes that break down all macronutrients 
(and lactose), as well as the herbal blend, may be an effective aid for reducing distention and mild improvement in GI 
symptoms. The comprehensive nature of the supplement likely contributed to its effects. It is possible that a longer 
duration of evaluation after the test meal would result in a more pronounced effect on the severity ratings and distension. 
There are limited studies on the effect of dietary supplements on improving bothersome GI symptoms in healthy subjects 
who suffer from occasional distress without a clinical diagnosis. The within-subject design is a strength that removes 
possible intra-individual variations that may occur. While it may be considered a limitation, the single-use design of the 
study does highlight potential benefits to single use in subjects who experience occasional distress without longer term 
supplementation. There may be cumulative benefits when used for longer duration or the effects may differ depending on 
the variability of normal food intake. Self-diagnosis of functional gastrointestinal distress is also a limitation given the 
subjective nature of the inclusion criteria. Future studies on the test product should evaluate any extended or cumulative 
effects using a larger sample size, as well as invitro digestion analyses to understand the extent of nutrient breakdown by 
the enzymes.

Conclusion
A dietary supplement including a blend of digestive enzymes and herbal ingredients was effective and well tolerated 
when provided with a meal, in reducing post-meal abdominal distension compared to a placebo. While not statistically 
significant, there was a trend to provide mild benefit to other gas-related symptoms better than a placebo in healthy adults 
suffering from occasional bloating and discomfort after meals.
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