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Abstract: Gastroesophageal reflux disease (GERD) is a common esophageal disorder characterized
by troublesome symptoms associated with increased esophageal acid exposure. The cornerstones
of therapy in this regard include treatment with acid-suppressive agents, lifestyle modifications,
and dietary therapy, although the latter has not been well defined. As concerns regarding long-
term proton pump inhibitor (PPI) use continue to be explored, patients and healthcare providers
are becoming increasingly interested in the role of diet in disease management. However, dietary
interventions lack evidence of the synthesis effect of functional foods. The following is a review of
dietary therapy for GERD, emphasizing food components’ impact on GERD pathophysiology and
management. Although the sequential dietary elimination of food groups is a common practice, the
literature supports broader intervention, including reduced overall sugar intake, increased dietary
fiber, and changes in overall eating practices. While the primary concern of food companies is to
provide safe products, the caloric, nutritional, and functional composition of foods is also generating
interest in the food industry due to consumers’ concerns.

Keywords: esophageal disorder; lifestyle modifications; food industry; long-term PPI; processing
technology; dietary treatment

1. Introduction

Gastroesophageal reflux disease (GERD) is a prevalent condition characterized by
troublesome symptoms and esophageal inflammation caused by the reflux of stomach
contents [1,2]. Common symptoms include burning chest pain, regurgitation, and difficulty
swallowing, while extraesophageal manifestations such as coughing and hoarseness can
also occur [3-5]. Unhealthy dietary patterns high in fat, sugar, salt, and cholesterol con-
tribute to the increasing incidence of chronic diseases like GERD within the aging global
population. In Asia, particularly in Japan, there has been a rapid rise in GERD cases, which
are often aggravated by high-fat meals [6]. The complications of GERD include esophagitis,
hemorrhage, stricture, Barrett’s esophagus, and adenocarcinoma [7]. GERD is a significant
health and social issue that negatively impacts quality of life [8-10].

GERD symptoms can be influenced by multiple risk factors [6,11]. Additionally,
specific types of food and beverages, such as fast food, tea, oily food, and carbonated drinks,
have been associated with an increased prevalence of GERD. Certain conditions like hiatal
hernias, pregnancy, lifestyle choices, and certain medications can also trigger acid reflux and
increase the risk of developing GERD [12]. Epidemiological studies have revealed several
potential risk factors for GERD, including excess adiposity, diabetes, alcohol consumption,
and coffee and caffeine consumption [12]. Sociodemographic factors such as age, marital
status, and employment status have also been associated with GERD [13].

The treatment options for managing the symptoms of GERD encompass pharmaceuti-
cal, surgical, dietary, and lifestyle interventions. The primary approach in treating GERD
involves using proton pump inhibitors (PPIs) to reduce acid secretion and reflux. However,
previous studies have indicated that a notable proportion of patients (20-30%) continue to
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experience persistent symptoms despite receiving standard treatment with PPIs. Further-
more, approximately 47.8% of individuals who initially achieved complete resolution of
GERD symptoms experienced symptom recurrence after discontinuing PPI therapy. It is
worth noting that the long-term use of PPIs has also been associated with an increased risk
of foodborne infections. Additional treatment options include acid-suppressive therapy
and implementing lifestyle modifications [6].

Exploring non-pharmacological options can lead to better treatment strategies for
GERD due to the potential side effects associated with drug therapy [6]. Functional foods
refer to food types that provide additional health benefits beyond their basic nutritional
function. In the context of GERD patients, functional foods can serve two main purposes,
namely, relieving GERD symptoms and improving the digestive process. This treatment
method involves modifying one’s diet, which includes reducing one’s consumption of fatty
foods and avoiding overeating or eating late at night. Additionally, functional foods are
incorporated into this treatment regimen [14]. The emerging technologies in functional
foods are paving the way for innovative approaches to enhancing food ingredients” nu-
tritional value, bioavailability, and functionality. These technologies are revolutionizing
the development of functional food products that provide specific health benefits beyond
basic nutrition. The findings of this study have the potential to provide valuable evidence
for optimizing diet modifications and developing functional foods specifically tailored for
patients with GERD [15].

This review aims to analyze the preventive and curative aspects of GERD, with a
specific focus on functional foods and their potential in preventing and alleviating GERD
symptoms. The review explores various treatment approaches for GERD, considering
factors such as anti-inflammatory properties, reductions in acid reflux, the promotion
of tissue repair, and the restoration of the esophageal sphincter function. Furthermore,
integrating technology into the development of functional foods holds promise with respect
to enhancing their effectiveness in treating GERD, thus enabling a personalized approach
that caters to individual needs.

2. GERD Overview
2.1. Pathophysiology of GERD

GERD occurs when the contents of the stomach reflux into the esophagus, causing
bothersome symptoms and potential long-term complications. Typical GERD symptoms
include heartburn and acid regurgitation, while atypical manifestations encompass noncar-
diac chest pain, coughing, and laryngitis [16]. Mechanistically, GERD and its associated
complications arise when the esophageal mucosa is abnormally exposed to refluxed stom-
ach contents. GERD can arise due to a weakened gastroesophageal barrier, the ineffective
clearance of refluxed fluid, or changes in the composition of the refluxed fluid. Repeated
exposure to these factors leads to alterations in the integrity of the esophageal lining and
the cellular makeup of the tissue [17,18].

The pathogenesis of GERD involves various mechanisms, such as motor dysfunctions,
hiatal hernias, and impaired mucosal resistance (Figure 1) [19]. The following factors may
contribute to the development of GERD.

1. Lower esophageal sphincter dysfunction

The lower esophageal sphincter (LES) prevents stomach contents from refluxing into
the esophagus. It contracts between meals and relaxes during swallowing or transient LES
relaxations (TLESRs). People with GERD experience symptoms when the LES relaxes more
frequently. LES tone is influenced by neural, hormonal, and dietary factors [6]. TLESRs
are triggered by gastric distention from food or air intake, which is influenced by dietary
factors and medications. Frequent TLESRs unrelated to swallowing can lead to the reflux
of stomach contents into the esophagus due to the higher intragastric pressure than LES
pressure in individuals with GERD symptoms [6,18,20,21].



Nutrients 2023, 15, 3583

30f17

LES pressure ¥

Impaired Altered gastric
esophageal capacity
peristalsis /\ /\
Impaired Gastric @
esophageal Emptying
mucosal Acid-related bl Mechanical-
symptoms Gastric basal 0 related
Esophageal pressure symptoms
Tissue
Sensitivity
_\ Altered gastric
accommodation
Hiatal
hernia

TLESRs pressure ¢

Figure 1. Pathophysiological mechanisms involved in development of upper gastrointestinal (GI)
symptoms [19].

2. Enhanced proximal postprandial gastric acid pocket (PPAGP)

Below the LES lies the PPGAP, where, after a meal, highly acidic stomach contents can
accumulate if they do not mix well with the consumed food. In individuals with GERD,
the PPGAP is larger, more acidic, and persists longer than in those without GERD. For
individuals with a hiatal hernia, the PPGAP can push upwards through the LES, leading to
GERD symptoms. Understanding the PPGAP helps explain why some people experience
reflux symptoms after eating [22-24].

3. Delayed gastric emptying

In approximately 26% of GERD patients, delayed gastric emptying prolongs the
retention of acidic food in the stomach, thereby increasing reflux risk. Delayed emptying
raises stomach pressure, relaxing the LES and allowing acid into the esophagus, thus
contributing to GERD symptoms [17,25]. Peristalsis helps minimize reflux duration by
propelling contents upwards, while factors like large food boluses or increased viscosity
can slow down contractions. Increased intra-abdominal pressure or food retention inhibits
reflux. Refluxed stomach fluid contains irritants like gastric acid, digestive enzymes, and
bile salts that can potentially harm the esophageal mucosa. Changes in dietary intake can
alter the secretion of these components, and undigested food particles may also contribute
to reflux, with varying effects on the underlying mucosa [6,26].

4. Impaired esophageal peristalsis

About 21% of GERD patients are afflicted with impaired esophageal peristalsis, which
normally helps clear stomach acid from the esophagus. This reduced clearance of refluxed
acid causes the esophageal tissues to be exposed to acidic gastric contents for longer dura-
tions, leading to increased damage and more severe GERD symptoms [27,28]. Alongside
esophageal peristalsis, the neutralization of gastric acid by salivary bicarbonate plays
a protective role in the esophagus. Nevertheless, when peristalsis is impaired, the sali-
vary bicarbonate may not be sufficient to counteract the damaging effects of the refluxed
acid [29].

5. Impaired esophageal mucosal defense against the gastric refluxate

The esophageal mucosa is a protective barrier against the substances encountered
during GERD. This barrier comprises various structural and functional components that
defend against the refluxate, including acidic gastric fluid (hydrochloric acid and pepsin)
and alkaline duodenal fluid (bile salts and pancreatic enzymes). Prolonged exposure to
the refluxate can breach this defensive barrier, resulting in mucosal damage. In addition
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to refluxate, drugs can also contribute to esophageal wall damage by directly affecting
the esophageal mucosa, creating an acidic or alkaline environment exerting caustic effects.
Drug-induced esophagitis can manifest as self-limiting inflammation, but if it persists, it
can lead to complications such as severe ulceration, strictures, and, rarely, perforation. It is
important to note that GERD can further worsen drug-induced esophagitis, exacerbating
the associated symptoms and complications [30,31].

6. Hiatal hernia

A hiatal hernia is often observed in association with GERD and can exist without
causing symptoms. However, it plays a crucial role in the development of GERD by
interfering with the function of the LES. Research by Patti et al. found that patients with
confirmed GERD, regardless of whether they had presented a small hiatal hernia, exhibited
similar abnormalities in LES function and acid clearance. However, patients with large
hiatal hernias had shorter and weaker LESs, leading to increased reflux episodes. Moreover,
the study noted that patients with large hiatal hernias experienced more severe esophagitis.
Another study by Ott et al. revealed that 94% of patients with reflux esophagitis had hiatal
hernias, highlighting the strong association between the two conditions [32,33].

7. Esophageal Tissue Sensitivity

Individuals with GERD may have heightened sensitivity in their esophageal tissues
to even small amounts of acid, resulting in symptoms such as heartburn, chest pain, and
regurgitation. Gastric acid increases sensitivity to reflux, enhancing the perception of reflux
symptoms. Acid-induced hypersensitivity is more significant in the proximal esophagus
due to acid’s damaging effects on the mucosa, impairing barriers and exposing mucosal
nerves to toxic refluxate [34].

2.2. Complexity of GERD

The complexity of this disease and the multiplicity of its clinical manifestations hinder
the development of a singular diagnostic test [35]. Several factors influence the association
between diabetes and acid reflux. Firstly, diabetic neuropathy, i.e., nerve damage caused
by diabetes, can increase the likelihood of experiencing acid reflux. Additionally, certain
medications used for acid reflux treatment, like PPIs, have been linked to a higher risk of
developing type 2 diabetes [36-38]. Conversely, having type 2 diabetes can also raise one’s
likelihood of experiencing acid reflux due to the damage high blood sugar levels inflict on
the gastrointestinal tract. Patients with DM are at a greater risk of GERD than those who do
not have DM [39]. Obesity, a significant risk factor for both conditions, further strengthens
their connection [12].

GERD is common among people with asthma and can worsen and trigger asthma
attacks. Treating GERD improves the respiratory symptoms of asthma patients [40]. Possi-
ble GERD-asthma symptoms include reflux-related respiratory issues, worsened asthma
after meals or lying down, nocturnal asthma, and poor responses to bronchodilators [41].
GERD increases the risk of contracting respiratory infections, including pneumonia, due to
refluxate aspiration into the lungs and impaired lung defense mechanisms [42].

Barrett’s esophagus is a condition where the normal lining of the esophagus is replaced
by different tissue. It can lead to esophageal adenocarcinoma, a type of cancer, in 3-5% of
patients [43]. Barrett’s esophagus develops from progenitor cells at the esophagogastric
junction as part of a wound-healing process, replacing damaged squamous epithelium
caused by GERD [44].

The oral and maxillofacial manifestations of GERD consist of dental erosion, xe-
rostomia, mucositis, aphthous-like ulcerations, a persistent sour taste, burning mouth,
hyperesthesia, bruxism, and temporomandibular disorder [45]. GERD can cause dental
problems by exposing tooth enamel to stomach acid, leading to erosion and increased vul-
nerability to tooth decay [46,47]. GERD can result in tooth sensitivity, enamel erosion, and
changes in tooth appearance. Acid reflux can also irritate the gums, causing inflammation,
tenderness, and an increased risk of gum disease [48].
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GERD disrupts sleep due to nighttime heartburn and regurgitation. Managing GERD
through lifestyle changes and medical treatments improves sleep. GERD can cause dyspha-
gia, chronic cough, and sinusitis [2]. Treating GERD and sleep apnea is crucial. Esophagitis
associated with GERD requires comprehensive evaluation beyond acid reflux alone [49].

2.3. Dietary Factors Pertaining to GERD

The literature on dietary intervention in relation to GERD varies, but some common
recommendations can guide patient care [6]. Diet plays a significant role in gastrointestinal
health, with certain foods worsening GERD symptoms [6]. High-fat meals, alcohol, choco-
late, and carbonated beverages can reduce esophageal sphincter pressure and increase acid
exposure [6,50]. Consuming a healthy diet with high fruit and whole grain content, like
the Mediterranean diet, may improve GERD symptoms. Improving dietary habits can be
a cost-effective strategy with which to reduce the occurrence of GERD instead of relying
solely on medication [50].

GERD management entails a comprehensive approach involving optimizing meal
sizes, timing, and macronutrient composition. Prioritizing the reduction in meal size,
the consumption of simple sugars, and late-night eating helps to mitigate GERD symp-
toms [6,51]. Caution should be exercised with high-calorie, large-volume, and high-fat
meals, as these dietary factors have been linked to exacerbating esophageal reflux [52].
Adopting a slow eating pattern also represents a potential lifestyle modification that may
help alleviate GERD symptoms [53]. Scientific evidence supports the notion that fat does
not significantly impact esophageal sensitivity to acid [54].

Furthermore, establishing regular eating patterns is crucial to effective GERD man-
agement [15,55]. Esophageal acid exposure (EAE) may be more severe after consuming
a high-calorie diet than a low-calorie diet with the same fat content. However, patient
classification variations and test meal component differences have led to discrepancies
between studies [15]. Calorie density plays a role in determining the severity of esophageal
acid exposure during GERD after a meal. At the same time, the percentage of fat content in
one’s diet significantly impacts the frequency of reflux symptoms [56]. Moreover, a positive
relationship exists between high-calorie foods and non-erosive reflux disease (NERD) [57].

Fox et al. found causal links between higher BMI, type 2 diabetes, and an increased
risk of GERD. These factors play significant roles in GERD development [12]. GERD is
extremely common, and even modest weight gain has been associated with higher symp-
tom burden and objective evidence of reflux observed via endoscopy and physiological
measurements [52].

GERD management entails the avoidance of trigger foods like spicy food, citrus fruits,
tomatoes, onions, garlic, chocolate, mint, caffeinated beverages, alcohol, and carbonated
drinks [50], prioritizing the consumption of lean proteins and emphasizing the intake of
whole grains and fiber-rich foods like oatmeal and brown rice instead [6,58]. In one study,
individuals with the highest intake of fruits and vegetables demonstrated a 33% lower
risk of developing GERD [59]. Additionally, it is recommended that one opts for low-fat
dairy products and restricts their consumption of high-fat foods, oils, and fried foods.
Adopting a dietary pattern that includes smaller, more frequent meals may help mitigate
stomach pressure, while ensuring proper hydration between meals is crucial for effectively
managing GERD [60].

The intake of functional foods is very beneficial; for instance, in reference to cal-
cium (dietary calcium intake of 700-1000 mg per day or supplementary calcium intake of
1000 mg per day significantly increases the risk of cardiovascular disease and coronary
heart disease [61]), acquiring calcium from dietary sources is generally considered safe
and beneficial. Calcium-rich foods include dairy products, leafy green vegetables, forti-
fied plant-based milk alternatives, and certain fish. It is recommended that individuals
meet their calcium requirements through a balanced diet rather than relying solely on
supplements [62].



Nutrients 2023, 15, 3583

60of 17

In the study conducted by Ozenoglu et al., it was found that diets rich in vegetables,
fiber, antioxidants, and caffeine did not exhibit a significant association with an increased
risk of dysphagia, which is a symptom commonly associated with GERD [50,63]. GERD
is strongly associated with dietary and lifestyle patterns [64]. It positively correlates with
alcohol consumption, higher stress levels, education, inadequate sleep, sedentary and
physically demanding jobs, nighttime work, lack of exercise, and increased abdominal
pressure (e.g., obesity or pregnancy) [57].

2.4. Management Treatment of GERD

The Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) has es-
tablished evidence-based guidelines for managing GERD patients (Figure 2). Nevertheless,
additional studies with a low risk for bias are required to further enhance and refine these
guidelines [65].

Patients with
extraesophageal
reflux symptoms

With typical GERD sx Without typical GERD sx

7 1

X N Consider evaluation of non- | non-GI disorder
Twice dalty PP Gl disorder by ENT (Ear, found Management
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regimen (medication ————p on-therapy 3| antireflux surgery
and lifestyle) reflux testing in select patients

Figure 2. Algorithm for the evaluation of suspected GERD [65]. Reprinted from Clinical Gastroenterol-
ogy and Hepatology, 21, Chen et al, AGA Clinical Practice Update on the Diagnosis and Management
of Extraesophageal Gastroesophageal Reflux Disease: Expert Review, 1414-1421, Copyright (2023),
with permission from Elsevier. * Look for evidence of GERD-related injury or complications and
rule out alternative esophageal diseases; ** Consider endoscopy and reflux monitoring to support
long-term use of PPI.

GERD management encompasses various diagnostic approaches, including medical
history consideration, physical examination, upper endoscopy, pH monitoring, esophageal
manometry, and the barium swallow test. These diagnostic tools help assess the severity of
GERD and inform treatment decisions [66].

Lifestyle modification is an important aspect of managing GERD. Avoiding reflux-
triggering foods and drinks and eating smaller, more frequent meals can help reduce the
chance of reflux. Guidelines suggest that individuals avoid lying down immediately after
eating and elevate their heads off their beds by 6-8 inches while sleeping. Maintaining
a healthy weight through regular exercise and a balanced diet is also recommended for
GERD management [67,68].



Nutrients 2023, 15, 3583

7 of 17

Medication plays an important role in managing GERD. The pharmacological targets in
this regard have included, firstly, gastric acid neutralization (antacids); secondly, gastric acid
secretion reduction (H2 receptor antagonists or PPIs); thirdly, the installation of a physical
barrier against refluxate (alginates); fourthly, improved gastric emptying and upper gut
motility (prokinetics); and, finally, more recently, in adults, anti-depressant drugs [69,70].
Surgical intervention may be required in severe cases of insufficient medications and
lifestyle changes. The most common surgical procedure for GERD is fundoplication, in
which the upper part of the stomach is wrapped around the lower esophagus to strengthen
the LES and prevent reflux [35]. Surgical treatment is considered a last resort for managing
GERD. It is recommended when optimal medical therapy fails, long-term dependence on
medication is necessary, the degree of nonadherence to medical therapy is significant, or
life-threatening complications occur [71-73]. Laparoscopic approaches have become more
common and offer similar reflux control and quality-of-life outcomes when compared to
open surgeries [74,75]. Robotically assisted laparoscopic surgery for anti-reflux and hiatal
hernia procedures is becoming more widespread [76].

Attending regular check-ups with healthcare professionals is important for the effec-
tive management of GERD. These appointments allow for the monitoring of symptom:s,
the evaluation of treatment effectiveness, and the assessment of any complications or
progression of the condition.

3. Functional Food
3.1. Concept of Functional Food

Functional foods are becoming increasingly popular due to the rising cases of chronic
diseases and people’s growing interest in healthier eating [5,77]. These foods are attracting
attention because they may offer health benefits and meet the demand for better food
choices. Functional foods promise to lower the risk of chronic diseases and enhance overall
physical and mental well-being [5]. While the exact definition of a functional food is under
debate, this concept drives research and innovation in developing safer and nutrient-rich
options that contribute to ensuring better health and disease prevention. The European
Food Safety Authority defines functional foods as foods that transcend basic nutrition and
positively impact certain bodily functions, promote health and well-being, and/or reduce
the risk of disease [78].

Functional foods can help improve quality of life and reduce the risk of serious illness
or delay its onset [79]. Functional foods are natural foods with added health-promoting
ingredients or that have been modified to enhance their benefits [80]. They can be natural or
processed, and their positive effects should be considered in terms of the amounts typically
eaten as food [78].

Functional foods can be categorized based on composition and purpose (Kamerow
2004). The types of functional foods organized in reference to the above qualities include
the following:

1.  Conventional foods containing natural bioactive substances that naturally contain
beneficial compounds, such as oat beta-glucan, fruits, and vegetables rich in lycopene
and lutein.

2. Foods modified via enrichment with bioactive substances: These foods are regular
foods fortified or enriched with specific bioactive components, such as margarine with
added phytosterols, calcium-fortified orange juice, or folic-acid-rich pomegranates.

3. Foods intended for medicinal use, which are specialized formulae that resemble foods
but are designed to be consumed as medicine via and according to a prescription,
such as special formulas for children with medical conditions.

4.  Special dietary needs foods, which are formulated for specific requirements (gluten-
free, lactose-free, and infant food).

Companies must comply with specific requirements and understand complex regu-
lations and consumers’ demands [81]. Before endorsing the marketing of the suggested
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functional foods, more high-quality evidence is required in several key areas, which are
indicated below:

1.  The identification of appropriate active ingredients: This entails a comprehensive
investigation into the suitable active ingredients or combinations thereof, particu-
larly when dealing with groups of related substances or the diverse bacteria used in
probiotics.

2. The determination of optimal concentrations: Rigorous research is essential to as-
certain the optimal concentrations for the active ingredients present in functional
foods.

3. A concrete demonstration of health benefits: The claims should be attributed to
functional foods. A rigorous and thorough demonstration of the purported health
benefits must be executed through well-designed research.

4. Thorough assessment of safety: Before marketing, a meticulous assessment of the
safety of functional foods is indispensable in order to ensure consumer well-being
and confidence [14].

3.2. Importance and Popularity of Functional Food

Poor lifestyles, including those characterized by unhealthy nutritional habits and a
lack of physical activity, lead to an increase in the development of degenerative diseases and
even death [82]. It has been estimated that 10-30% of the Western population suffers from
degenerative diseases, including GERD [83]. This situation has forced people to prioritize
their health, diet, and well-being. As a result, awareness about the relationship between
food and health is increasing [84]. The demand for functional foods is also increasing, as
these foods offer more health benefits, such as reducing fatigue and boosting immunity, and
enhanced nutrition. Functional foods are important with respect to promoting health and
preventing disease [85]. This growth is driving the rapid growth of the global functional
food market, which is expected to amount to USD 276.68 billion by the end of 2024, with a
CAGR of 9% [86].

With regard to the development of functional foods, there are five determinants of
consumer acceptance of functional foods: product characteristics, sociodemographics, and
psychological, behavioral, and physical factors [87,88]. Various factors, such as lifestyle,
age, sex, personality, income, education, ethnicity, traditions, beliefs, physiological factors,
sensory preferences, marketing, and available information, influence food choices [5,89].
Understanding these factors is important for developing new functional foods in a compet-
itive market. By considering these categories, experts and marketers can make informed
decisions in order to increase the acceptance and adoption of these products.

The FDA regulates all claims associated with food products, including those regarding
product labels, websites, or advertisements. Functional food labels can make four types of
FDA-regulated claims: nutrient content claims, authorized health claims, qualified health
claims, and structure—function claims. Structure-function claims do not require post-market
FDA review, while authorized and qualified health claims have specific requirements and
scientific support. The FDA ensures that these claims provide accurate and comprehensive
information to consumers [90].

3.3. Key Characteristics and Benefits of Functional Food

Functional foods are distinguished by their high nutrient density, offering a concen-
trated amount of essential nutrients per serving. They are packed with vitamins, minerals,
fiber, antioxidants, and other bioactive compounds, allowing individuals to obtain their
nutritional requirements while consuming smaller quantities. People can optimize their
nutrient intake and support their overall health by including functional foods in their
diets [91,92]. Functional foods can be categorized into various types based on their desired
characteristics and benefits:
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1.  Fortified foods: Fortified foods are supplemented with additional nutrients to enhance
their nutritional value, thereby addressing nutrient deficiencies and improving overall
nutrition [93].

2. Enriched foods: Enriched foods are designed to replenish nutrients lost while pro-
cessing certain foods. An example is refined grains, like white flour, where vitamins
and minerals are added to the product to compensate for the nutrients lost during the
refining process [94].

3. Modified foods: Modified foods undergo specific alterations to provide health benefits
beyond basic nutrition. They include products with reduced fat or sugar content,
gluten-free products, or low-sodium options [95].

4. Naturally functional foods: Naturally functional foods are inherently rich in beneficial
compounds and offer health benefits without requiring any modifications. Examples
include fruits, vegetables, whole grains, nuts, and seeds. These foods naturally contain
vitamins, minerals, antioxidants, fiber, and other bioactive compounds that promote
health and well-being.

3.4. Preparation in Functional Food

The search for functional food involves identifying bioactive compounds from var-
ious sources, such as plants, fungi, or animals. Through careful identification, assessing
bioavailability, determining safe doses, and finding relevant biomarkers, we can under-
stand these compounds’ roles in promoting health. This knowledge will formally define
functional foods, reinforcing their significance in improving well-being [96]. Thorough
research, testing, and regulation are required to ensure the efficacy and safety of functional
food products. The growth and innovation of various functional food preparations provide
consumers with more effective and personalized choices that support their health and
well-being.

Emerging technologies offer various approaches to enhancing functional foods, in-
cluding the following;:

1.  Removing harmful components that can induce adverse effects when consumed (e.g.,
allergenic proteins) [97,98].

2. Increasing the concentration of beneficial components in foods [99].

3. Replacing excessive or unhealthy components (usually macronutrients) with compo-
nents with positive effects [100-102].

4. Improving the bioavailability or stability of recognized functional components or
reducing the potential risk of disease [102-104].

5. Improving food processing and drying foods such as fruits can reduce the amount of
vitamin C they retain, but it can also concentrate other nutrients [105-107]

4. Mechanism of Functional Food in GERD Mitigation

Functional foods can play a beneficial role in managing GERD by providing relief
from symptoms and promoting overall digestive health. While they should not replace
conventional medical treatments, incorporating certain functional foods into one’s diet may
help alleviate GERD symptoms.

4.1. Reducing Acid Production

Functional foods can be valuable additions to the diets of individuals with GERD.
These foods can help manage GERD symptoms and reduce the frequency and severity of
acid reflux episodes. Firstly, incorporating fiber-rich foods such as whole grains, fruits, veg-
etables, and legumes can aid in promoting healthy digestion and preventing constipation,
the obverse of which can contribute to GERD symptoms [108].

Popular writings have suggested that certain foods impact stomach acidity and relieve
heartburn symptoms, although the scientific research supporting these claims is often
limited. However, some evidence suggests the potential benefits of specific foods for
managing acid reflux and heartburn. Aloe vera has traditionally been used due to its
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soothing effects on the digestive system, and consuming small amounts of pure aloe vera
juice before meals may reduce acid reflux symptoms. Aloe vera contains enzymes that can
help break down sugars and fats and help maintain the smooth functioning of the digestive
system [109]. Yogurt, when not too sour, is beneficial for acid reflux due to its probiotics,
which aid in normalizing bowel function. Additionally, yogurt provides protein and helps
soothe stomach discomfort, often providing a cooling sensation [110]. Low-fat yogurt is
particularly effective in maintaining intestinal barrier integrity compared to nonfat yogurt
when exposed to pro-inflammatory cytokines [111]. Additionally, low-fat or lean protein
sources like skinless poultry, fish, and tofu can help minimize symptoms, as high-fat foods
can relax the LES and trigger acid reflux. Oats are high in fiber, which helps regulate
digestion and reduce the risk of acid reflux [112]. Oatmeal is often well-tolerated and can
exert a soothing effect on the stomach lining.

Bananas are considered low-acidity foods and may help neutralize stomach acid [113].
Bananas are alkaline and rich in pectin, a soluble fiber that helps keep food flowing
adequately through the digestive tract, thus preventing food stasis in the stomach for
prolonged periods, which helps limit acid production and reduces the likelihood of acid
reflux. A fiber-enriched diet helps to control symptoms [114] and improves esophageal
motility in patients with NERD [108]. Fresh bananas effectively generate a protective
coating on the esophageal mucous lining, strengthening the mucosal defenses against reflux.
Almonds, a good source of healthy fats, can neutralize stomach acid and be consumed as a
snack or added to meals. Green leafy vegetables such as spinach, broccoli, kale, asparagus,
and Brussels sprouts are naturally low in fat and sugar. Ginger has been traditionally
used because of its anti-inflammatory properties, which may help inhibit gastric acid
production [115,116]. The prokinetic activity of ginger has been confirmed in in vitro and
in vivo tests [117]. Additionally, licorice root contains compounds that can inhibit an
enzyme called H+/K+ ATPase, which is involved in acid secretion.

These foods may help reduce stomach acid secretions due to their alkaline nature. A
combination of various natural active ingredients (hyaluronic acid, Altea, Malva, apple,
aloe vera, L-tryptophan, calcium gluconate, sodium bicarbonate, and Musa paradisiaca)
have shown promise as alternative or complementary treatments for patients with NERD.
These formulations have demonstrated the ability to significantly reduce the frequency and
intensity of symptoms, as assessed using the reflux disease questionnaire (RDQ) [118].

4.2. Soothing and Protecting the Esophagus

Some functional foods possess soothing properties that can help alleviate irritation
and protect the delicate lining of the esophagus from stomach acid. For example, marsh-
mallow root and slippery elm contain mucilage, which can form a gel-like coating on the
esophageal lining. This coating acts as a barrier against acid, reducing discomfort and
inflammation. In one study, a fiber-rich diet led to notable improvements in NERD patients,
including increased minimal LES (lower esophageal sphincter) resting pressure, reduced
gastroesophageal reflux, and decreased weekly heartburn frequency [108].

4.3. Enhancing Digestive Function

Functional foods that support healthy digestion can indirectly alleviate GERD symp-
toms. Probiotics, such as those found in yoghurt and fermented foods, promote a healthy
balance of gut bacteria, thereby promoting a healthy gut environment and aiding diges-
tion. [119,120]. Probiotics have been found to offer benefits in cases of small-scale intestinal
bacterial overgrowth by affecting immunity and intestinal motility under different con-
ditions [120]. Probiotic-rich foods like yoghurt, kefir, sauerkraut, or kimchi may help
maintain a balanced gut microbiome, improve digestion [121,122], and benefit individuals
with GERD. This can help improve overall digestive function and reduce the occurrence of
acid reflux [123].

Fiber-rich foods, like whole grains, fruits, and vegetables, aid in proper bowel move-
ments and prevent constipation [124], which can contribute to GERD symptoms [58,125]
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Papaya contains enzymes such as papain that aid digestion and help break down
proteins [126,127]. Eating ripe papaya or drinking papaya juice can support healthy
digestion [127] and reduce symptoms of GERD [116].

4.4. Alleviating Inflammation

Chronic inflammation in the gastrointestinal tract can worsen GERD symptoms [116].
Some functional foods possess anti-inflammatory properties that can help reduce inflam-
mation and provide relief. Turmeric contains curcumin, a compound with potent anti-
inflammatory effects [128,129]. Consuming turmeric or curcumin supplements may help
reduce inflammation in the esophagus and stomach lining [130]. Foods rich in omega-3
fatty acids, such as fatty fish (e.g., salmon) or flaxseeds, can also help reduce inflamma-
tion [131]. Omega 3 anti-inflammatory effects are triggered through the activation of their
receptor, free fatty acid receptor 4 (FFAR4) [132]. In particular, FFAR3 and FFAR4 may have
diagnostic and therapeutic 500 potential in relation to GERD [133].

Chamonmile tea has calming properties and can help reduce inflammation [133]. It
may relieve GERD symptoms when consumed after meals or before bedtime. Chamomile
(Matricaria chamomilla L.) has been a highly popular family herb since antiquity; it is
generally used to relieve nervous excitability and digestive disorders, stomach cramping,
dyspepsia, and flatulence [117]. Ginger has natural anti-inflammatory properties [134] and
can help soothe the gastrointestinal tract [121]. It may reduce the frequency and severity of
heartburn episodes [116]. Ginger can be consumed as ginger tea, added to smoothies, or
used in cooking. The anti-inflammatory and analgesic effects of ginger essential oil validate
the traditional uses of ginger root in treating inflammatory diseases of gastrointestinal
tracts [122,134,135]. One study found that Black Garlic (BG) supplementation increased
catalase levels and tended to increase superoxide dismutase levels in the esophagus. The
effects of BG were better than those of raw garlic, suggesting that BG treatment may
alleviate esophagitis by regulating NF-kB-mediated inflammation [136].

5. Perspective

Technological advances are important with regard to advancing functional foods,
as they synergistically facilitate their development. Moreover, exploring functional com-
pounds’ dosage, safety, stability, delivery systems, and price remains important for the
further expansion of the functional food market [137].

Advertisements for supplemental product marketing are the most dominant source
of information on functional food. Trust in the mass media and peer recommendations
remarkably govern purchase intentions for these products [138]. It is important to note
that the effects of “superfoods” (a term commonly used in marketing) require scientific
proof [139]. Governments should incentivize companies dedicated to functional food
research, and health claims should be supported by in vitro, animal, and clinical trials.
Collaboration between food scientists and professionals from other fields is important
in order to gain a comprehensive understanding of the impact of functional foods on
human metabolism [137]. Public health education activities organized through digital
health communication media are also important for increasing the understanding of the
consumer community [140].

The current study also identified many modifiable risk factors that can greatly influ-
ence the development of GERD disease [11]. Obesity is a known risk factor for GERD,
as excess weight can exert pressure on the stomach and promote acid reflux [141,142].
Functional foods that support healthy weight management can be beneficial in managing
symptoms [143,144].

More randomized controlled trials and clinical and epidemiological studies are needed
to investigate the possible mechanisms behind functional foods’ effects on GERD in terms
of prevention and treatment [145]. Public policy and educational approaches regarding
lifestyle changes in relation to functional food consumption are required to further enhance
the benefits for GERD treatment. Well-designed randomized controlled trials are needed fur-
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ther to study the effects of dietary therapy on GERD management as non-pharmacological
options continue to gain popularity.

6. Conclusions

In conclusion, consumers in the 21st century must face increasing risks related to envi-
ronmental pollution, stress, social challenges, and health problems. Functional products
have the potential to help improve physical and mental health, leading to higher quality of
life. Functional foods can help improve GERD symptoms by reducing acid reflux episodes,
protecting the esophagus, enhancing digestive function, and alleviating inflammation.
Personalizing diets based on symptoms and focusing on factors like meal size, timing,
and macronutrient composition are more effective than elimination diets. Exploring non-
pharmacological options can lead to better treatment strategies for GERD. Further research
is needed through well-designed trials to better understand dietary therapy’s effects on
GERD management.
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