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The aim of this study was to investigate the efficacy and safety of steamed ginger extract (GGEQ3) for mild
to moderate functional dyspepsia (FD) in a 12-week randomized, double-blind, placebo-controlled clini-
cal trial. A total of 80 subjects who met the inclusion criteria without meeting the exclusion criteria were
randomly assigned to a GGEO3 group (n = 40, 480 mg day™* as GGEO3) or a placebo group (n = 40).
Efficacy and safety evaluations were conducted before intervention and at 12 weeks after intervention.
The GGEO3 group showed significantly improved gastrointestinal symptom rating scale (GSRS) total score
and sub-scores (abdominal pain, constipation, indigestion, and reflux) compared to the placebo group (p
< 0.001 for all). Moreover, the 36-Item Short Form Survey (SF-36) sub-scales (general health, health
change, pain, physical functioning, role limitations due to physical health, and social functioning) were
significantly improved in the GGEO3 group compared to those in the placebo group (p = 0.002, p =
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0.016, p = 0.006, p = 0.001, p < 0.001, and p = 0.023, respectively). Safety evaluations (adverse events,
complete blood count, blood chemistry, and urinalysis) revealed that GGEO3 was safe without causing
clinically meaningful changes. Therefore, GGEO3 has the potential to be used as a health functional food
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rsc.li/food-function for improving gastric health.

1. Introduction

Functional dyspepsia (FD) is one of the most common func-
tional gastrointestinal disorders (FGIDs) affecting the gastro-
duodenal region of the gastrointestinal (GI) tract without
identifiable structural lesions.” Epidemiological studies have
indicated that 10-30% of the global population suffers from
FD.? Factors such as dietary habits, sociocultural differences,
psychological issues, and GI infections can affect dyspeptic
symptoms, resulting in differences in the distribution of preva-
lence.? Symptom-based diagnostic criteria for FD currently use
the Rome IV criteria (fourth edition), developed by a group of
experts in functional gastrointestinal disorders.* According to
the Rome IV criteria, FD is diagnosed if a complex of symp-
toms (postprandial fullness, early satiation, epigastric pain,
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and epigastric burning) is present for the last 3 months with
the symptom onset for at least 6 months before diagnosis
without any evidence of organic, systemic, or metabolic
disease that would explain symptoms on routine
investigations.*®

Risk factors for the onset of FD include being a female,
smoking, Helicobacter pylori (H. pylori) infection, acute gastro-
intestinal inflammation, the use of non-steroidal anti-inflam-
matory drugs, and mental disorders.® Although FD does not
affect survival, FD symptoms can be very troublesome and
difficult to treat. They usually have a natural history of recur-
rence and remission. FD is believed to pose a serious burden
to individuals and society. It can affect diet (quantity and
quality of food) and quality of life, reduce productivity, cause
emotional disorders and somatization, and lead to high
medical costs.”"°

Considering the high prevalence of FD with a high disease
burden and a large number of potential patients having FD
and gastritis, effective symptomatic and therapeutic interven-
tions are needed." However, standard management of FD has
not yet been established, and satisfactory pharmacotherapy is
also unavailable."* The most commonly used medications
include H. pylori inhibitors, acid suppressants, proton pump
inhibitors, antidepressants, antacids, and prokinetics."*™®
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However, these treatments are often very complicated by their
limited responses, high costs, and side effects.'”'® Given the
current limitations of pharmacotherapy, there is growing inter-
est in natural products and their bioactive derivatives as
alternative strategies for managing FD. Functional foods
derived from natural compounds offer potential therapeutic
benefits, particularly in nutritional interventions aimed at
improving digestive health and promoting gastric mucosal
protection.

Ginger (Zingiber officinale) is one of the world’s best known
spices. It has been used as a spice for over 2000 years.'*°
Traditionally, ginger has been used to treat a wide range of ail-
ments including gastrointestinal disorders (such as stomach-
aches, abdominal spasm, nausea, and vomiting), arthritis, and
motion sickness.*** Ginger and its active components exhibit
various biological activities, such as antioxidant,>*>® anti-
inflammatory,””** and anticancer® properties.

The heating process by steaming can affect the chemical
profile of natural products, leading to changes in bioactiv-
ities.>® Recently, the steaming process has been applied to
enhance the functionality of ginger.’” Steamed ginger extract
(GGE03) has been reported to have lower toxicity, increased
1-dehydro-6-gingerdione (GD) content, and higher efficacy
than ginger extract (GE).*®*° In previous studies, steamed
ginger extract has shown effects of improving gastric health
through anti-inflammatory and antioxidant activities,** anti-
osteoarthritis activity,"* anti-obesity effects,*>™*° anti-diabetic
activity,*® and anticancer effects.?”

GGEO03 is processed to enhance bioactive compounds,
including GD, which may provide superior gastric protection
to raw ginger. According to a previous study,’® GGE03 has gas-
troprotective effects by improving mucosal defensive factors
[mucosal prostaglandin E, (PGE,) synthesis and total nitric
oxide] and gastric antioxidation capability. It also exhibits anti-
inflammatory properties against ethanol/HCl-induced gastric
mucosal injury in a rat model.*® In addition, GGE03 shows
anti-inflammatory effects through nuclear factor-kB (NF-kB)
inhibition in H. pylori-infected gastric epithelial cells.*®

GGEO03 has been proven to be effective in protecting the
gastric mucosa and improving gastric health in preclinical
studies.*®*° However, there have been no such studies on
humans. With the rising scientific interest in functional foods
for gastric health, well designed and controlled clinical trials
are necessary to evaluate the efficacy and safety of GGE03 in
human subjects. Thus, its efficacy needs to be confirmed in
clinical trials. Therefore, we conducted a 12-week, randomized,
double-blind, and placebo-controlled multi-center clinical trial
to evaluate the effectiveness and safety of GGE03 in improving
gastric health for those with mild to moderate FD.

2. Materials and methods
2.1. Study design

A 12-week, randomized, double-blind, and placebo-controlled
multi-center clinical trial was conducted to evaluate the effec-
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tiveness and safety of GGE0O3 in improving gastric health. This
study was conducted at Santosh Hospital (Bangalore, India)
and Vagus Super Specialty Hospital (Bangalore, India) from
June 2020 to November 2020.

The study protocol (Protocol No: FT15-9H1) and informed
consent form were reviewed and approved by the Institutional
Ethics Committees of Santosh Hospital (date of approval:
March 19, 2020) and Vagus Super Specialty Hospital (date of
approval: July 10, 2020). This study was registered with the
Clinical Trials Registry India (CTRI) on April 03, 2020 (CTRI
number: CTRI/2020/04/024448). It was performed in accord-
ance with the Declaration of Helsinki. The trial was conducted
in agreement with the International Conference on
Harmonization (ICH) guidelines on Good Clinical Practice
(GCP). This trial was conducted according to Consolidated
Standards of Reporting Trials (CONSORT) guidelines for ran-
domized clinical trials. All subjects participated in this study
after signing an informed consent form.

A screening visit (visit 1) to select subjects based on the
inclusion/exclusion criteria was conducted within two weeks.
After baseline assessment, 80 study subjects were randomly
assigned at a 1:1 ratio to a GGE03 group (n = 40) or a placebo
group (n = 40) according to a randomization list generated by a
computer. The block randomization technique was used for
equal allocation of subjects in each treatment arm. The block
size was 4, which was 2 x the number of treatment arms. The
randomization list was computer generated using CRAN R soft-
ware version 3.6.3. During the study period, all research inves-
tigators and subjects remained double-blinded from the ran-
domization code. Subjects performed a total of five visits (visit
1: week —2; visit 2: week 0; visit 3: week 4; visit 4: week 8; and
visit 5: week 12) during the 12-week study period. Baseline
data were measured at visit 2 (week 0).

2.2 Study participants

A total of 80 subjects with mild to moderate FD participated in
this clinical trial. Inclusion criteria were as follows: (1) male
and female over 19 to 60 years of age; (2) subjects diagnosed
with FD (Rome IV criteria) who did not require immediate
medication due to upper abdominal discomfort or persistent/
recurrent pain; (3) subjects who agreed to the written consent
of the applicant and who could cooperate with the necessary
visits and related tests and surveys for the study process.
Exclusion criteria were as follows: (1) subjects who were aller-
gic to natural products and drug ingredients; (2) subjects who
had undergone endoscopic examination of stomach: Los
Angeles (LA)-Grade A reflux esophagitis, gastric ulcer diagno-
sis, and acute gastritis requiring treatment; (3) subjects who
had undergone past gastric acid suppression surgery or
stomach and esophagus surgery except for closure of the ulcer
or over sewing surgery; (4) subjects who needed to take
steroids, bestero-inflammatory drugs, aspirin, or other drugs
that could cause ulcers every day (but low-dose aspirin for
cardiovascular disease); (5) subjects who were diagnosed with
malignant tumors within five years; (6) subjects who con-
sumed alcoholic beverages more than 4 times a week; (7) sub-
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jects with severe liver dysfunction (>2.5 times normal upper
limit of alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and gamma-glutamyl transferase (GGT)) or
serious liver dysfunction; (8) subjects with chronic kidney
disease or severe renal disease including kidney dysfunction
(>2 times normal upper limit of creatinine at screening visit);
(9) subjects with unregulated diabetes or cerebrovascular
disease and subjects who had been diagnosed within
3 months of the disease requiring surgery; (10) subjects who
were diagnosed within three months of the following diseases:
Zollinger-Ellison syndrome, primary esophageal motility dis-
order esophageal stricture, malignant disease of the gingival
ulcer or upper GI tract, pancreatitis, absorption disorder,
severe cardiovascular disease or pulmonary disease; (11) sub-
jects who had undergone endoscopy within two weeks or
before the first visit and subjects who consumed GI drugs
such as proton pump inhibitors (PPIs), H2 receptor antagonist,
gastroesophageal reflux disease (GERD) treatment, or proki-
netics; (12) subjects who continued to take the following
drugs: diazepam, hydantoin derivative, warfarin, anticholiner-
gic, prostaglandin analog, antineoplastic agent and more than
165 mg of salicylate, steroid, non-steroidal aromatase inhibi-
tors (NSAIs), osteoporosis treatment; (13) pregnant, nursing
women or those who had a plan to become pregnant within
3 months; (14) subjects who had participated in other clinical
trial within the 4 weeks; (15) subjects who are judged to be
unable to comply with the requirements of the test.

2.3 Study products and interventions

The study products used in this study were provided by SD
Biotechnologies (Seoul, Republic of Korea). GGE03 was pre-
pared as described previously.*®*° Briefly, ginger was washed
three times with distilled water, dried at 50 °C for 30 h, and
then steamed at 2-2.5 kgf cm™2 and 97 °C for 2 h. GGE03 was
obtained by extracting steamed ginger with 15-fold 70%
ethanol (v/v) for 15 hours at 85 °C and 1.5 kg cm™? followed by
passing through a 60-mesh filter and concentrating at
—650 mmHg and 55 °C. GGE03 was spray-dried to obtain a
powder and stored at —20 °C until use. The GD content in
GGE03 was standardized to 1.15 mg g™

All subjects were randomly assigned to a group adminis-
tered with GGE03 (480 mg day ' as GGE03) or a placebo group
(0 mg day™' as GGEO03). Subjects took 1600 mg per day (2
tablets per day with morning meal intake) for 12 weeks.
Placebo products were manufactured with ingredients that did
not affect effectiveness. The placebo was composed of inactive
ingredients such as microcrystalline cellulose, calcium carbox-
ymethyl cellulose, and cocoa color. GGE03 and placebo pro-
ducts had the same appearance, weight, and properties.

2.4 Efficacy outcome measures

Primary outcomes were the gastrointestinal symptom rating
scale (GSRS) and the 36-Item Short Form Survey (SF-36) ques-
tionnaire. Secondary outcomes were superoxide dismutase
(SOD), malondialdehyde (MDA), and mucin 1.

7318 | Food Funct., 2025, 16, 7316-7329

View Article Online

Food & Function

The GSRS is a self-reported gastrointestinal symptom scale
with a total of 15 symptom items combined. The questionnaire
is divided into five sub-scores: abdominal pain (abdominal
pain, nausea, and hunger pains), reflux (acid regurgitations,
heartburn), indigestion (borborygmus, abdominal distension,
eructation, and increased flatus), diarrhea (diarrhea, loose
stools, and urgent need for defecation), and constipation (con-
stipation, hard stools, and feeling of incomplete evacuation).””
We measured the total score and individual scores of the
GSRS. The scale was used to assess symptom severity using a
seven-grade Likert scale, ranging from 1 (no discomfort at all)
to 7 (very severe discomfort).’® The reliability and validity of
the GSRS have been well documented,*®*® with higher scores
indicating worse symptoms.”® GSRS was completed before
initiation of this study and at 12 weeks post-intervention.

For evaluating health-related quality of life (HRQoL), the
SF-36 questionnaire was used. SF-36 is a widely used general
health profile questionnaire with 36 question items of eight
scales:*"** physical functioning (10 questions), role limitations
due to physical health (4 questions), role limitations due to
emotional problems (3 questions), pain (2 questions), general
health (5 questions), energy or fatigue/vitality (4 questions),
social functioning (2 questions), emotional well-being (5 ques-
tions), and a single question on changes in the state of
health.>® The higher the score, the better the quality of life.
There is considerable evidence supporting the reliability and
construct validity of SF-36.>* The questionnaire was completed
before interventions and at 12 weeks post-intervention.

Blood biomarkers such as SOD, MDA, and mucin 1 related
to gastric health were measured before intervention and at 12
weeks after intervention.

2.5 Safety outcome measures

Safety outcomes included adverse events (AEs), complete blood
count (CBC), blood chemistry, and urinalysis. AEs were moni-
tored continuously throughout the study period. CBC analysis
included white blood cells (WBCs), red blood cells (RBCs),
hemoglobin, hematocrit, platelets, neutrophils, lymphocytes,
monocytes, eosinophils, and basophils. Blood chemistry analysis
included AST, ALT, GGT, alkaline phosphatase (ALP), total biliru-
bin, total protein, albumin, total cholesterol, triglyceride, high-
density lipoprotein (HDL)-C, low-density lipoprotein (LDL)-C,
blood urea nitrogen (BUN), creatinine, uric acid, and glucose.
Urinalysis included pH and specific gravity. CBC analysis, blood
chemistry analysis, and urinalysis were performed before and
after intervention with a 12-hour fast. Vital signs including systo-
lic blood pressure (SBP), diastolic blood pressure (DBP), pulse,
and temperature were measured at each visit.

2.6 Statistical analysis

The sample size was calculated based on previous studies with
similar designs.*® It was calculated based on the change in the
GSRS score before and after intervention in the test and
placebo groups. GSRS and SF-36 were considered co-primary
endpoints to assess symptom severity and quality of life,
respectively. According to the ICH E9 guidelines,>® multiplicity
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adjustment is not required when co-primary endpoints are
jointly necessary to demonstrate efficacy and are interpreted
together. The sample size was determined based on the GSRS,
which has been shown to be more sensitive to change in func-
tional dyspepsia.’’**°® Based on a two-sided test for this cal-
culation with a power of 80% and a significance level of 5%,
the sample size for each group was determined by allowing a
dropout rate of 20%. Based on the calculation, a total of 80
subjects (40 subjects per group) were needed. Therefore, 80
subjects were enrolled for a 1:1 randomization to the GGE03
and placebo groups.

All statistical analyses were performed using R 4.0.2 (R
Foundation, Vienna, Austria). Continuous variables are pre-
sented as mean =+ standard deviation (SD) and categorical vari-
ables are presented as number (percentage). Data analysis for
efficacy was performed using the full analysis set (FAS). The
FAS was defined as having data of efficacy evaluation collected
more than once after administration of the trial product.
Analysis for safety was performed using the safety set. The
safety set was defined as those being randomly assigned to
this clinical trial who took trial products at least once.
Statistical analysis was performed on data according to proto-
col criteria. Comparison between groups was performed using
an independent ¢-test for changes in values between before
and after 12 weeks of intervention. Within each group, the
comparison between before and 12 weeks after intake was ana-
lyzed using a paired t-test. Differences were considered statisti-
cally significant when p-values were less than 0.05.

3. Results

3.1. Subject characteristics

To select eligible participants, 81 volunteers were screened. Of
these, one participant was excluded due to withdrawal of
consent, resulting in 80 subjects who were randomized into
GGEO03 and placebo groups (n = 40 each). Fig. 1 presents a flow-
chart of the subjects’ progression through this study.
Demographic characteristics of each group are summarized in
Table 1. They were generally comparable across groups.

3.2 Efficacy outcomes

Efficacy evaluation biomarkers were measured before interven-
tion and at 12 weeks after intervention.

The results of the GSRS analysis are shown in Table 2 and
Fig. 2. In the GGEO03 group, the GSRS total score significantly
decreased by 15.8 + 19.8 after 12 weeks of intake compared to
that at the baseline (p < 0.001). On the other hand, in the
placebo group, the score decreased by 1.8 + 12.2, showing no
statistically significant change. When the change in GSRS total
score was compared between groups, there was a statistically
significant difference (p < 0.001). As a result of analyzing sub-
scores of the GSRS, abdominal pain and indigestion scores sig-
nificantly decreased by 5.0 + 4.4 and 6.1 + 5.8, respectively, in
the GGE03 group (both p < 0.001), and by 1.2 + 3.2 and 1.8 =+
4.4, respectively, in the placebo group (p = 0.018 and p = 0.012,
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respectively). There was a statistically significant decrease
between the two groups (both p < 0.001). Constipation score
significantly decreased by 1.5 + 4.4 in the GGEO03 group (p =
0.036), while it significantly increased by 1.4 + 2.9 in the
placebo group (p = 0.004), showing a statistically significant
difference between the two groups (p < 0.001). Reflux score sig-
nificantly decreased by 2.8 + 3.2 in the GGEO03 group (p <
0.001), but decreased by 0.6 + 2.1 in the placebo group without
reaching statistical significance, showing a statistically signifi-
cant decrease between the two groups (p < 0.001).

Analysis results of SF-36 are shown in Table 3 and Fig. 3.
Compared to those before intake, changes in the general
health, health change, and pain scales of the SF-36 after 12
weeks of intake significantly increased by 20.5 + 18.7, 31.9 +
39.2, and 30.8 + 36.9, respectively, in the GGE03 group (all p <
0.001), and by 8.5 + 15.0, 11.9 + 33.5, and 10.2 + 27.1, respect-
ively in the placebo group (p < 0.001, p = 0.031, and p = 0.022,
respectively). This resulted in statistically significant differ-
ences between the two groups (p = 0.002, p = 0.016, and p =
0.006, respectively). The physical functioning scale signifi-
cantly increased by 9.2 + 24.1 in the GGEO03 group (p = 0.020),
but significantly decreased by 6.5 + 16.9 in the placebo group
(p = 0.020), showing a statistically significant difference
between the two groups (p = 0.001). Role limitations due to
physical health and social functioning scales significantly
increased by 44.4 + 43.3 and 19.7 + 32.6, respectively, in the
GGEO03 group (both p < 0.001), whereas they increased by 6.9 +
21.9 and 5.0 + 23.0, respectively, in the placebo group without
reaching statistical significance, showing statistically signifi-
cant difference between the two groups (p < 0.001 and p =
0.023, respectively). Blood biomarkers (SOD, MDA, and mucin
1) showed no statistically significant difference between the
two groups (data not shown).

3.3. Safety outcomes

The safety evaluation of GGE03 was analyzed in the safety set.
During the clinical study period, a total of 15 subjects (6 in the
GGEO03 group and 9 in the placebo group) reported AEs. In the
GGEO03 group, adverse events included one case each of consti-
pation, diarrhea, headache, and nausea, and two cases of
fever. In the placebo group, adverse events included one case
of body pain, one of headache, two of nausea, two of fever,
and three cases of the cold. However, there was no significant
difference in the incidence of AEs between the two groups.
When AEs were evaluated by the investigator, they were found
to be not related to the treatment received by subjects. In
addition, AEs were mild or moderate. Medications were pro-
vided to treat AEs and all AEs were resolved. There were no
serious AEs (SAEs).

Results of CBC analysis, blood chemistry analysis, and uri-
nalysis are shown in Table 4. No significant differences
between the two groups were found. All results were within
their normal ranges. There were no clinically meaningful
changes after intervention. Therefore, it was confirmed that
the 12-week intake of GGE03 was safe for humans.
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Assessed for eligibility

(n=81)
Excluded (n=1)
| Withdrew consent (n=1)
Randomized
(n=80)

Allocated to GGEO03 group (n=40)
# Received allocated intervention
(n=40)

[ Allocation

# Received allocated intervention
(n=40)

\4

|] Allocated to Placebo group (n=40)

A\ 4

l |
Completed follow-up (n=40) [ ] Completed follow-up (n=40)
Follow-Up
Lost to follow-up (n=0) Lost to follow-up (n=0)
\ 4 | l
Safety analysis (n=40) [l Safety analysis (n=40)
Analysis ]
Efficacy analysis, FAS (n=40) | Efficacy analysis, FAS (n=40)

Fig. 1 Flow-chart of subjects. The number of study participants enrolled, allocated, followed, and analyzed is shown using the CONSORT 2010

flow diagram.

4. Discussion

This is the first 12-week randomized, double-blind, placebo-
controlled, multi-center clinical study to evaluate the effec-
tiveness and safety of GGE03 manufactured by extracting
steamed ginger for improving gastric health. In mild to mod-
erate FD, 12-week intake of GGE03 (480 mg day ') signifi-
cantly improved the GSRS total score and sub-scores of
abdominal pain, constipation, indigestion, and reflux com-
pared to the control (intake of placebo). In addition, SF-36
sub-scales of general health, health change, pain, physical
functioning, role limitations due to physical health, and
social functioning were statistically significantly improved
compared to those of the placebo group. This confirmed that

7320 | Food Funct, 2025, 16, 7316-7329

GGEO03 intake could improve gastric health and quality of life
without side effects.

In this randomized clinical trial, GGEO03 significantly
improved gastrointestinal symptoms and quality of life scores
in FD. These findings may be explained by mechanistic
insights provided by previous preclinical studies,*®*?° which
demonstrated that GGEO03 exerts gastroprotective effects
through mechanisms such as antioxidant, anti-inflammatory,
and mucosal defense. In a rat model of ethanol/HCl-induced
gastric injury,>® GGE03 enhanced gastric mucosal defense by
increasing PGE, and nitric oxide (NO) production, which sig-
nificantly reduced the gastric lesion area and mucosal
damage. It also improved antioxidant capacity by increasing
glutathione (GSH) and the activity of antioxidant enzymes

This journal is © The Royal Society of Chemistry 2025
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Table 1 Baseline demographic characteristics of subjects

GGEO03 group (n = 40) Placebo group (1 = 40) Total (n = 80) p-Value®
Sex (M/F) 25/15 27/13 52/28 0.639”
Age (years) 39.7 +10.9 39.1 +11.4 39.4 +11.1 0.794
Height (cm) 167.6 + 8.4 165.4 + 8.6 166.5 + 8.5 0.258
Weight (kg) 62.9+9.5 64.4 + 8.0 63.7 + 8.8 0.460
SBP (mmHg) 117.3 £ 3.3 115.8 +4.1 116.6 £ 3.8 0.065
DBP (mmHg) 76.0 £ 5.6 757 7.0 75.9 £6.3 0.833
Pulse (bpm) 78.0 +11.6 81.5 +10.5 79.7 £ 11.1 0.170
Temperature ( °C) 36.6 + 0.6 36.7 £ 0.5 36.7 £ 0.6 0.426
Alcohol (n, %) 11 (27.5%) 9 (22.5%) 20 (25.0%) 0.797°
Smoking (12, %) 6 (15.0%) 6 (15.0%) 12 (15.0%) 1.000°
GSRS total score 44.5+5.4 43.0 £ 6.9 43.8+6.2 0.317
SF-36 total score 55.7 6.5 56.1+5.9 55.9+6.2 0.774

Values are presented as mean + SD or number (%). “ Analyzed using an independent ¢-test for the change values between the groups (GGEO03 vs.
placebo). ” Analyzed using a chi-square test between the groups (GGEO03 vs. placebo). ¢ Analyzed using Fisher’s exact test between the groups

(GGEO03 vs. placebo).

Table 2 Changes in GSRS before and after 12 weeks of intake

GGEO03 group (n = 40)

Placebo group (n = 40)

Baseline 12 weeks Change value  p-Value® Baseline 12 weeks Change value  p-Value®  p-Value”
Total Score 44.5 £ 5.4 28.7 £19.2 —15.8 £19.8 <0.001*** 43.0 £6.9 41.3 £13.9 -1.8+12.2 0.363 <0.001***
Abdominal pain 10.8 + 1.5 5.8+3.7 —=5.0+4.4 <0.001*** 10.5+1.5 9.2+3.4 -1.2+3.2 0.018* <0.001***
Constipation 6.9+3.1 5.4 +3.7 -1.5+4.4 0.036* 6.2 £3.1 7.6 £2.8 1.4+29 0.004** <0.001***
Diarrhea 6.1 £3.2 5.9+4.2 —0.2+£5.0 0.778 6.3 £3.1 6.7 2.8 0.4 £2.9 0.325 0.461
Indigestion 14.1 +£1.5 8.0+5.2 —6.1+5.8 <0.001*** 14.0 + 2.6 12.2 +4.7 -1.8+4.4 0.012* <0.001***
Reflux 6.5+ 1.6 3.7+2.6 —2.8+3.2 <0.001*** 6.1+1.8 5.5+£2.2 —-0.6 £2.1 0.111 <0.001***

Values are presented as mean + SD. “ Analyzed using a paired #test between the baseline and 12 weeks within each group (weeks 0 vs. 12).
b Analyzed using an independent t-test for the change values between the groups (GGE03 vs. placebo). *p < 0.05, **p < 0.01, and ***p < 0.001.

such as SOD and catalase (CAT), while reducing MDA levels, a
marker of lipid peroxidation. Furthermore, it exhibited anti-
inflammatory effects by suppressing myeloperoxidase (MPO)
activity, inhibiting NF-«xB activation, and downregulating the
expression of pro-inflammatory cytokines, including interleu-
kin-1p (IL-1p) and tumor necrosis factor-a (TNF-a). Moreover,
in an H. pylori infected gastric epithelial cell model,** GGE03
suppressed the growth of H. pylori and attenuated gastric
inflammation by downregulating the expression of pro-inflam-
matory cytokines (IL-§, TNF-a, and IL-6), inducible NOS
(iNOS), and interferon-y (IFN-y), inhibiting NF-«xB activation,
and reducing nitric oxide and MPO activity. Taken together,
these preclinical findings provide mechanistic support for the
observed clinical benefits of GGE03 in FD and highlight its
potential as a promising functional ingredient for gastric
health.

FD is a chronic and relapsing disease. Its treatment is
difficult due to its multifactorial etiology. A combination of
drugs is required to correct its underlying pathology.*>” The
overall symptom relief rate of treatments used for FD (H. pylori
eradication, antacids, prokinetics, and antidepressants) is
only 50%,”®°° with 15-20% having persistent symptoms
and 30-35% experiencing a change in symptoms.®*®
Therefore, health functional foods that exhibit multiple

This journal is © The Royal Society of Chemistry 2025

mechanisms of action might be more effective and helpful
than drugs that act through only one mechanism.®® Ginger
contains various bioactive phytochemicals, including phenol
compounds (mainly gingerols, shogaols, and paradols) and
terpene compounds (B-bisabolene, a-curcumene, zingiberene,
a-farnesene, B-sesquiphellandrene, and so on).*"** In particu-
lar, the steaming process enhances the formation of GD,
increasing its content by over threefold compared to raw
ginger extract.’” GD has been reported to downregulate pro-
inflammatory signaling pathways, particularly NF-kB-related
gene expression, and exhibits strong antioxidant activity.®>®®
Additionally, thermal processing facilitates the conversion of
gingerols into shogaols, particularly 6-shogaol, which is recog-
nized for its anti-inflammatory properties, including suppres-
sion of COX-2 and iNOS expression, leading to reduced nitric
oxide production and inhibition of cytokines such as TNF-a
and IL-6.>”%" Overall, these mechanisms suggest that the
steaming process enhances the bioactivity of ginger by increas-
ing the levels of various active compounds, including GD and
6-shogaol, thereby supporting the therapeutic potential of
GGEO03 as an effective complementary intervention for the
management of FD.

The GSRS is one of the most established and responsive
disease-specific instruments with five symptom clusters
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Table 3 Changes in SF-36 before and after 12 weeks of intake

GGEO03 group (n = 40)

Placebo group (n = 40)

Baseline 12 weeks Change value p-vValue®  Baseline 12 weeks Change value p-Value”  p-Value’
Total score 55.7 £ 6.5 64.4 +11.6 8.6 +12.5 <0.001***  56.1 +5.9 61.4+18.9 5.3+17.2 0.058 0.323
Emotional well-being 60.2 + 6.3 56.9 £3.9 -3.3+6.5 0.003**  62.2+4.3 59.4+5.9 —2.8+5.6 0.003** 0.714
Energy or fatigue 58.0 + 8.4 52.0 £5.5 —6.0 £11.0 0.001**  59.9 +6.0 57.6 £ 9.5 —2.2+9.2 0.130 0.103
General health 37.0+£5.4 57.5+17.7 20.5+18.7 <0.001***  36.1 + 3.7 44.6 £15.5 8.5 +£15.0 <0.001*** 0.002**
Health change 38.1+13.9 70.0+43.2 31.9+39.2 <0.001*** 41.9+14.3 53.8+33.3 11.9+33.5 0.031* 0.016*
Pain 43.8 £8.3 74.6 £36.2 30.8+36.9 <0.001***  44.6 + 8.7 54.8+26.3 10.2+27.1 0.022* 0.006**
Physical functioning 70.8 £10.3 80.0 £26.6 9.2 +24.1 0.020% 72.1+9.5 656+17.1 -6.5+16.9 0.020* 0.001**
Role limitations due to  75.8 +28.2 76.7 + 31.3 0.8 + 38.8 0.893 67.5+34.2 70.8%33.1 3.3+31.8 0.512 0.754
emotional problems
Role limitations due to  31.2 +29.8 75.6 £35.1 44.4+43.3 <0.001***  33.8+29.7 40.6+33.3 6.9 +£21.9 0.054 <0.001***
physical health
Social functioning 49.7 £12.8 69.4 +34.5 19.7+32.6 <0.001***  51.2 +8.9 56.2 +23.2 5.0 £23.0 0.176 0.023*

Values are presented as mean + SD. “ Analyzed using a paired #test between the baseline and 12 weeks within each group (weeks 0 vs. 12).
b Analyzed using an independent ¢-test for the change values between the groups (GGE03 vs. placebo). *p < 0.05, **p < 0.01, and ***p < 0.001.

depicting reflux, abdominal pain, indigestion, diarrhea, and
constipation."® It has been widely used in FD studies.®®*® In
this study, the GSRS total score and sub-scores of abdominal
pain, constipation, indigestion, and reflux were significantly
improved at 12 weeks after taking GGE03 compared to those
before taking GGEO03. In addition, the improvement in the
GGEO03 group was larger than that in the placebo group,
showing a statistically significant difference between the two
groups. These results indicate that GGE03 has broad-spectrum

7322 | Food Funct, 2025, 16, 7316-7329

efficacy in addressing multiple gastrointestinal symptoms
associated with FD. In previous preclinical studies,*®”° GGE03
significantly protected the gastric mucosa from damage by
improving mucosal defense factors (NO and PGE2) and
increasing antioxidant and anti-inflammatory actions, leading
to an improvement in gastric health due to gastric mucosal
protection. Therefore, GGE03 might play a crucial role in
improving gastric health, indicating its potential as a thera-
peutic agent for subjects with FD. Similar clinical

This journal is © The Royal Society of Chemistry 2025
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studies'***® with an RCT design have been conducted to

evaluate the efficacy of plant extracts in FD subjects. In clinical
studies in which GCWB104 (Flos Lonicera extract),"® Cudrania
tricuspidata extract,’® and fermented gold kiwi'' were con-
sumed for 8 weeks, the GSRS total score significantly improved
after consumption, showing similar results to this study.
However, the degree of improvement in the GSRS total score
was significantly greater for GGE03, confirming the superiority
of GGEO03 in improving gastric health. Such a positive effect of
GGEO03 in improving gastric health might be due to the unique
manufacturing process and sufficient intake period of GGE03.

Because FD subjects show significant impairment in
HRQoL, measurement and improvement of HRQoL in FD are
important.”® SF-36 is a widely used and validated measure of
generic HRQoL in gastroenterology.”"”> In this study, we
found that GGEO3 intake improved SF-36 sub-scales (general
health, health change, pain, physical functioning, role limit-
ations due to physical health, and social functioning) of sub-
jects with FD, thereby improving their health-related quality of
life. This was an opportunity to confirm the extended effect of
GGEO03 in improving upper abdominal symptoms related to
the stomach through preclinical trials.*®**° In a clinical study
in which ginger powder (1.2 g d™') was consumed for 14
days,” symptoms of indigestion were found to be improved,
although quality of life did not change. This improvement is
particularly notable when compared to a similar clinical study
with analogous designs. Therefore, GGE03 can be considered
an effective functional ingredient for restoring quality of life
impaired by FD.

This journal is © The Royal Society of Chemistry 2025

In preclinical studies,*®*° GGE03 showed antioxidant
effects by improving MDA, CAT activity, GSH, and SOD and
anti-inflammatory effects by improving MPO, NF-«xB, and pro-
inflammatory cytokines (including IL-1f, IL-6, IL-8, and TNF-
a). However, in the present study, blood biomarkers (SOD,
MDA, and mucin 1) of FD subjects showed no significant
changes following the consumption of GGE03. This might be
because this study was conducted at the borderline level that
did not require drug treatment in FD subjects, making it
difficult to obtain significant results from blood biomarkers.
Similar findings have been reported in the clinical trial,”*
where most laboratory parameters in FD patients remained
within normal ranges. Additionally, in a clinical study”® with
an RCT design on the effect of Nigella sativa in patients with
H. pylori infection and FD, biochemical markers IL-8, high-
sensitivity C-reactive protein (hs-CRP), and MDA showed no
significant changes. However, it is possible that GGE03 con-
tributes to FD improvement through other mechanisms. This
warrants further investigation.

Numerous studies®*”®”° have reported the effectiveness of
ginger in improving and treating FD symptoms. Clinical
studies®®”® with an RCT design have reported that ginger can
reduce FD symptoms, including upper abdominal discomfort,
compared to placebo. However, the hot and pungent taste of
ginger makes it difficult to eat, leading to a decrease in its con-
sumption. To solve this problem, various methods of proces-
sing ginger, including steaming, are used. Processing can
reduce the pungent taste, extend the shelf life, increase the
contents of health functional compounds, and improve the
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safety of ginger.®® Steaming, a thermal processing method, has
been shown to alter the phytochemical profile of ginger,
enhancing its bioavailability and biological activity. Steamed
ginger extract is known to have higher GD content than ginger
extract.”” GD is known to have antioxidant and anti-inflamma-
tory activities.®® Therefore, the gastric health improvement
effect of GGE03 might be due to the increase of GD through
the steaming process.

Placebo is important for maintaining blinding. Thus, con-
trolling the placebo effect is critical in RCT clinical trials.®"
According to previous studies, the placebo response rate in FD
subjects ranged from 37.2% to 42.2%.5>% A placebo effect is
thought to be influenced by psychological, neurobiological,
and natural mechanisms.?* In this study, to overcome the
placebo effect, a double-blind method and subject education
at each visit were used to encourage management of expec-
tations, thus reducing the placebo response.® In addition, the
placebo was made of ingredients that did not affect the
efficacy. It was provided in the same appearance and amount.
In this study, the GGE03 group demonstrated a significantly
greater improvement in FD symptoms compared to the
placebo group. While the placebo group exhibited only limited
changes, the GGE03 group showed substantial and meaningful
symptom relief. This highlights the effectiveness of unique
active compounds in GGEO03 in alleviating FD symptoms,
suggesting that GGE03 is a more efficient treatment option
than placebo.

FD is a chronic disease. Thus, treatment should be safe for
long-term use. However, the most common medications for
FD treatment can cause various side effects, such as increased
risks of intestinal infection, small intestinal bacterial over-
growth, iron and vitamin B12 component malabsorption, and
atrophic gastritis.®®®” To evaluate the safety of GGEO3 in this
study, AEs, CBC analysis, blood chemistry analysis, and urina-
lysis were performed. There were no significant differences in
any safety biomarkers between the two groups. All biomarkers
were within their normal ranges, showing no clinically mean-
ingful changes. Therefore, it was confirmed that 12 weeks of
GGEO03 intake was safe in humans. Ginger is “generally recog-
nized as safe” (GRAS) by the US Food and Drug Administration
(FDA). It is a safe ingredient with few reported interactions
between ginger and drugs.”>*®% In a clinical study®' with an
RCT design targeting mild knee osteoarthritis, after GGE03
(480 mg day™") was administered for 12 weeks, safety markers
showed no significant changes, similar to the results of this
study. In addition, a clinical study*” has reported that consum-
ing steamed ginger ethanol extract (200 mg day ') for 12
weeks is safe in obese subjects, consistently confirming the
safety of ginger. Therefore, GGEO03 intake can help reduce drug
dependence and improve symptoms for FD treatment without
side effects.

This study has a few limitations. First, the enrollment and
evaluation of subjects using a self-reported questionnaire
might have resulted in biased study findings.”® These ques-
tionnaires allow one to subjectively evaluate one’s symptoms
or conditions. However, the accuracy of the results might be

This journal is © The Royal Society of Chemistry 2025
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reduced due to issues such as social desirability bias and
recall bias. In addition, subjects may underestimate or overes-
timate their conditions, which may reduce the reliability of
results. To reduce such bias, objective biomarkers should also
be measured in expanded clinical studies.'* Second, the short
study period might be insufficient to assess long-term effects
or persistence due to follow-up observations. FD is considered
a chronic disease. Its symptoms vary widely over a long period
of time.”® In addition, its symptoms may relapse if the inter-
vention is discontinued, making longer follow-up observations
necessary.'’ Thus, expanded clinical studies with longer
follow-up periods are needed. Third, the effect of GGE03 on
H. pylori was not analyzed. It is known that H. pylori eradica-
tion can improve the symptoms of FD.°’ Therefore, future
studies need to analyze the effect of GGE03 on H. pylori.
Moreover, although all participants were diagnosed with FD
according to the Rome IV criteria, baseline data on individual
symptom frequencies were not collected. This absence of
symptom-specific information is a limitation that should be
considered in future studies.

Nevertheless, our study represents the first clinical trial
with an RCT design to evaluate the efficacy and safety of
GGEO03 in FD subjects. This study provides novel clinical evi-
dence demonstrating that GGEO03 significantly improves
gastric health by alleviating FD symptoms and enhancing
quality of life, reinforcing its potential as a health functional
food for gastric health promotion.

5. Conclusions

This is the first 12-week, randomized, double-blind, placebo-
controlled clinical trial conducted to evaluate the efficacy and
safety of GGEO3 for gastric health in FD subjects. The intake of
GGEO03 significantly improved GSRS scores (total and sub-
scores) and SF-36 sub-scales compared to the placebo group,
demonstrating its broad-spectrum efficacy in alleviating mul-
tiple FD-related symptoms. It enhanced gastric health and
quality of life without side effects. Therefore, this study pro-
vides sufficient clinical evidence that GGE03 can be used as a
health functional food for improving gastric health.
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