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ABSTRACT 

Many nations are facing rising healthcare costs. 

The field of functional food science (FFS) has 

been introduced to combat this. Functional 

foods are foods with added bioactive 

compounds which provide a clinically proven 

health benefit. However, FFS and food science 

(FS) are often viewed as one and the same. To 

progress in development and research in the 

field of FFS, the two must be viewed as 

separate. Currently, the FDA has not issued or 

accepted a formal definition for functional 

foods. In contrast, the FDA accepts and actively 

uses FS. This makes it difficult to regulate 

functional foods and weakens public trust. 

The FDA currently has a health claim authorization system in place, but it still fails to properly regulate 

functional foods. Other countries, such as Japan, have regulatory systems set in place specifically for functional 

foods. This increases public trust, as there is a strict process that a product has to go through before it is authorized 
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for consumption. Countries such as Japan could serve as a model for a functional foods regulatory system in the 

United States. The Functional Food Center (FFC) has proposed a 15-step system similar to Japan’s to authorize 

functional foods in the U.S. Due to a lack of governmental recognition, there is a large educational gap in 

secondary schools and higher educational institutions when it comes to FS and FFS. Courses and lessons regarding 

FS are more available to students than courses and lessons concerning FFS. In addition, the field of FFS faces the 

challenge of separating its work from the field of FS. Because FFS is concerned with creating functional food 

products (FFPs) that have a clinically proven health benefits, the scientific research in this field must meet rigorous 

standards to ensure that the FFP in question has substantial evidence for the health claim. It is important not only 

to acknowledge the distinction between these two fields, but also to understand the benefit this will have on the 

well-being of the general population. With FFS as an established field, research can be funded accordingly, and 

new functional foods can be developed that can prevent or lessen the symptoms of disease. Through regular 

analysis and measurements of specific biomarkers, FFPs can work alongside western medicine to combat disease 

and dysfunction. Finally, it is important that a major area of difference is the emphasis on quantity when it comes 

to FFS. Specific quantities must be outlined and followed in order for FFPs to function as they are intended. 
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INTRODUCTION 

Food is a central component in every person’s life. 

Not only does it contribute to overall health, but it 

also has generated multiple booming industries. 

Among these industries are two important branches 

of science: FS and FFS. Oftentimes, the two are 

viewed as indistinguishable; however, they must be 

viewed as separate in order to progress in research 

and development. FS is defined as “the study of 

physical, microbial, and chemical makeup of food 

with applications to develop safe, nutritious, and 

sustainable foods and innovative packaging” [1].  It 

has many subsections that focus on different areas in 

the food and food production industries, including 

but not limited to: quality control, which focuses on 

preventing food-borne illnesses; sensory evaluation, 

which studies how the consumers’ senses affect their 

perception of food; food engineering, which involves 

the industrial mechanisms used to produce food 

products; food microbiology, which studies the 

microorganisms that inhabit food and how they affect 

the consumer; and foodomics, which focuses on 

nutrition and health.  

      Figure 1. shows the different subsections of food 

science. These subsections help to provide the 

scientific knowledge to solve the problems that 

appear in the food and food production systems. FS 

has many different goals, such as food security, 

sustainable farming, and food preservation. Food 

scientists work in all aspects of these systems. They 

do things like help to develop improved foods, 

research ways to preserve food better, and produce 

safe packaging for foods on the market. Food can be 

defined as an “adequate diet that avoids deficiency” 

[2].

http://creativecommons.org/licenses/by/4.0
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Figure 1. Subsections of FS 

Contrarily, FFS is a branch of science that focuses on 

the nutritive side of foods to be fighters of disease 

and dysfunction. Functional foods are defined by the 

Functional Food Center (FFC) as “natural or processed 

foods that contain biologically-active compounds; 

which, in defined, effective, non-toxic amounts, 

provide a clinically proven and documented health 

benefit utilizing specific biomarkers, to promote 

optimal health and reduce the risk of chronic/viral 

diseases and manage their symptoms'' [2]. Functional 

food products (FFPs) are created with two goals. The 

first goal is to reduce the risk of pathologic processes. 

The second goal is to improve metabolic and 

physiologic processes. 

Figure 2. Goals of FFPs [3]. 

     Figure 2. shows the different goals of FFPs. FFPs 

are not meant to replace western medicine; rather, 

they are meant to be used alongside western 

medicine. The FFC has proposed a strict 15-step 

process to produce an FFP. As FFS is interconnected 

to many other branches of science, current research 
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helps to lay the groundwork. Currently in the United 

States, functional foods are not officially accepted nor 

defined by any governmental body, such as the Food 

and Drug Administration (FDA). On the other end of 

the spectrum, FS is recognized and actively used by 

governmental bodies to regulate the United States’ 

food supply. Other countries, such as Japan, have 

highly developed and regulated systems set in place 

for the production of FFPs. It is essential that FFPs be 

defined by a governmental body in the U.S. so that 

they may be properly regulated. This would allow 

them to be safely dispersed and would help to gain 

the public’s trust. Additionally, FFS is not taught at 

nearly the same rate that FS is in secondary schools 

and higher educational institutions. Public trust 

should come from governmental regulation that is 

concerned first and foremost with evaluating 

scientific evidence regarding FFP claims. Rigorous 

criteria used to evaluate scientific evidence will 

ensure that FFPs released to the public are indeed 

effective and can contribute to a life with improved 

health and decreased risk of illness. However, the 

rigorous evaluation that FFS research must face 

presents the field with challenges not found in the 

field of FS. Because FS deals with food products that 

provide a clinically documented health benefit, it 

must face the challenge of providing substantial 

evidence to support an FFP claim in order for the FFP 

in question to be approved by rules and regulations. 

A notable challenge in FFS research is achieving 

consistency of results among all published scientific 

studies of a bioactive compound on health. Each 

study must be appropriately designed to allow for any 

results to be biologically relevant to the bioactive 

compound of interest. Additionally, it must allow for 

proper statistical analysis to demonstrate significant 

effects of the bioactive compound on health. Another 

scientific challenge of FFS is designing studies that are 

capable of accounting for the numerous interactions 

between bioactive compounds and other compounds 

present in the food matrix. Because food is rarely ever 

composed of a single compound, the consumption of 

food products leads to potential interactions 

between compounds that require attention from a 

scientific perspective. A third challenge that 

distinguishes the field of FFS from FS relates to the 

use of valid biomarkers in the research and 

development of FFPs. Biomarkers provide an 

opportunity to quantify the effects that a bioactive 

compound has on health and is therefore a crucial 

component to any study regarding the development 

of an FFP. However, some health outcomes and 

diseases do not have biomarkers that are generally 

agreed upon. Other health outcomes and diseases 

have biomarkers that potentially respond in 

contradictory manners when exposed to the same 

intervention. These challenges separate the field 

from FS. 

This review explores the similarities and 

differences between FS and FFS in the United States 

and the vision of the Functional Food Center in the 

scientific development of FFPs. Furthermore, it 

highlights the relevance to the public and the effect 

that functional foods have on the body by including 

examples of functional foods that are recommended 

for consumption. 

Functional Food Science vs. Food Science and the 

FDA: One major difference seen between FS and FFS 

is that the FDA officially recognizes FS while it has not 

officially recognized FFS. An excerpt from the FDA’s 

website says that “the FDA is a science-based public 

health and regulatory agency responsible for ensuring 

the safety and proper labeling of foods (including 

dietary supplements) in the U.S. marketplace” [4]. In 

order to enforce their laws and regulations, they test 

for harmful chemicals in foods, ensure that food 

packaging is safe, and test for allergens and 

pathogens among other things. In other words, the 
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FDA uses FS and its methods to ensure the safety of 

the US’s food supply. 

Figure 3. FDA’s view on FS vs. FFS. 

        Figure 3. shows the different views that the FDA 

has on FS vs. FFS. The FDA has neither accepted nor 

issued an official definition for functional foods or 

FFS. This is vital because in order for FFS to progress 

in research and development, it needs to be 

recognized by a governmental organization like the 

FDA. The FDA has also stated that they have no 

“regulations on the claims for ordinary foodstuffs” 

[5]. As functional foods are often delivered to the 

public through “ordinary foodstuffs”, this means that 

functional foods are not regulated. While the FDA has 

acknowledged certain health claims on food 

products, they have failed to recognize FFPs as their 

own category. It is essential that FFPs for the US 

marketplace be regulated through the US 

government in order to safely disperse them and gain 

the public’s trust.  

FDA’s Health Claim Authorization System: One way 

that the FDA currently regulates food is with the 

health claim authorization system. A health claim is 

defined as a statement that characterizes the 

relationship between a substance and a disease. 

These health claims are then evaluated and 

occasionally authorized by the FDA. In addition, 

health claims can mention a specific disease/health 

condition. The health claim must go through a system 

to be authorized, beginning with a petition sent to the 

FDA. The claims are then prioritized based on the 

strength of evidence, whether the claim has 

previously been reviewed for safety by the FDA, and 

the impact of the petition on the public. The FDA then 

collects scientific evidence and data to assess their 

quality. Additionally, if the petition has not stated 

dosage recommendation, then the FDA is responsible 

for determining the proper daily intake of the 

substance. If the FDA deems the evidence to meet 

significant scientific agreement, they will authorize 

the health claim. An example of an authorized health 

claim is “adequate calcium and vitamin D as part of a 

healthful diet, along with physical activity, may 

reduce the risk of osteoporosis in later life” [6]. If all 

evidence is credible but does not meet their high 

standards, they issue a “qualified health claim” with a 

letter of enforcement discretion which specifies what 

terminology the manufacturer is allowed to put on 
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their product. In other words, the manufacturer can 

still put a health claim on their product if they have a 

letter of enforcement discretion, but they have to 

emphasize that this is a qualified health claim and 

include a disclaimer to prevent misleading the public. 

An example of a qualified health claim is “scientific 

evidence suggests, but does not prove, that whole 

grains (three servings or 48 grams per day), as part of 

a low saturated fat, low cholesterol diet, may reduce 

the risk of diabetes mellitus type 2” [6]. If the FDA 

deems the evidence weak, they will not allow the 

manufacturer to include any claim, including 

qualifying language. An example of an authorized 

health claim in the U.S. is the connection between 

dietary lipids and cancer. There is strong scientific 

agreement that a high amount of dietary lipids can 

increase the risk of cancer. Therefore, manufacturers 

may make a health claim that foods low in dietary fats 

may reduce the risk of some types of cancer. 

However, the health claim authorization system is not 

foolproof. As previously stated, while the FDA 

acknowledges certain health claims on food products, 

they still do not classify them as a functional food. 

This means that it is difficult to regulate these 

products. An example of this can be seen with the 

health claim that soy protein can reduce the risk of 

coronary heart disease. The FDA is seeking to revoke 

this health claim as there have been many recent 

studies that contradict it [7]. The lack of a formal 

definition or regulation of FFPs in the U.S. restricts 

future research and development. Manufacturers still 

need to meet various requirements in order to add a 

health claim, but they have looser restrictions than 

other countries who recognize and regulate FFPs. 

Figure 4. shows different FDA approved health claims 

and their linked conditions. 

Figure 4. Example of FDA approved health claims and their linked condition [8]. 

Japan’s FOSHU System: For example, in Japan, 

functional foods have to go through a rigorous 

process in order to be authorized for public 

consumption. First, the manufacturer has to submit 
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an application to the Consumers Affair Agency. If it 

meets their standards, the application is passed for 

evaluation to the Consumers Commission, Food 

Safety Commission, and Ministry of Health, Labor, 

and Welfare. If the application passes the standards 

for these three parties, it is forwarded to the National 

Institute of Biomedical Innovation, Health, and 

Nutrition or another registered testing organization 

so they can validate the analytical process outlined in 

the product’s application. Finally, it is sent back to the 

Consumers Affair Agency for the final FOSHU 

approval. They have strict regulations in place for 

what can and cannot be included on the FFP. For 

example, no FFP may mention a specific disease name 

or health condition because the intention of these 

products is not to cure a disease, but to maintain 

and/or improve overall health. FOSHU products most 

commonly have health claims relating to improving 

gastro-intestinal health by using probiotics [9]. Figure 

5. shows the process that a product must go through

in order to receive FOSHU approval in Japan. 

Figure 5. Japan’s system to authorize a FOSHU product [8,10]. 

         Additionally, there are five subcategories of 

FOSHU. The first is the regular FOSHU.  Products 

under this category have an applicable active 

ingredient and go through a full evaluation process. 

The second is a standardized FOSHU. These products 

can only contain active ingredients for which there is 

adequate scientific evidence proving their efficacy 

and they must adhere to the daily dosage 

predetermined by the government. An example of 

this is Fibersol-2, an ingestible detrin as dietary fiber. 

This helps regulate GI function and blood glucose 

levels [11]. The third is the risk-reduction FOSHU. So 

far in Japan, there are only two proven risk reduction 

compounds: calcium with osteoporosis and folate 

with neural tube defects. These products also go 

through a full evaluation process. The fourth is the 

reauthorized FOSHU, which pertains to products 

already approved for FOSHU but with changes to the 

name or flavor. Finally, there are qualified FOSHU 

products. These products contain active ingredients 

that may have an unknown mechanism and must 

include labeling that states that evidence has not 

necessarily been established and it could possibly 

exert the health benefit. Additionally, qualified 

FOSHU products have a special “Qualified Food for 

Specialized Health Uses'' label on them. Clearly, Japan 
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has a meticulous system set in place for the 

authorization of an FFP. Additionally, research shows 

that products with FOSHU labels have positively 

influenced consumer’s purchasing behavior [12]. This 

demonstrates that consumers in Japan trust the 

government’s research and their endorsed labeling of 

FOSHU products. 

FFC’s Vision for the Research and Development of 

Functional Foods in the U.S.: As previously stated, 

there is no system set in place to regulate functional 

foods in the U.S. as no governmental body has 

officially accepted or defined functional foods. 

Different organizations hold different definitions for 

FFPs. This causes FFPs to be misrepresented and leads 

to public confusion. The FFC has published multiple 

reviews calling for the improvement of FFPs in the US 

and consistently vocalizes the need for a new system 

to be implemented. Ideally, the government and FDA 

would work alongside the FFC as they have spent 

years of research and hard work to help develop a 

proper definition and proposed system to create an 

FFP. Japan’s FOSHU system would serve as a model, 

and when combined with the FDA’s health claim 

authorization system, would result in a well-

grounded framework for future functional food 

development. 

FFC’s Proposed Fifteen Step System to Authorize an 

FFP: Both FS and FFS work to promote optimal health 

for their consumers. However, FS focuses on goals 

such as preservation, food security, packaging, and 

sustainability. Food scientists work to develop new 

and better food products, improve the taste of the 

products for the consumer, and improve processing 

techniques among other things. On the other hand, 

FFS aims to prevent and diminish the effects of 

chronic/viral diseases. They do this by creating an FFP 

that either reduces the risk of pathological processes 

or improves the metabolic and physiologic processes. 

As previously mentioned, other countries, such 

as Japan, have formed FFP regulatory systems for 

public trust and safety. The FFC has proposed a strict 

15-step system in order to authorize a functional food

for the market in the U.S. In step one, a specific goal 

is established. An example goal would be to alleviate 

certain symptoms of a chronic disease. Previous 

studies are used in order to provide more insight into 

the goal of the FFP. In step two, extensive research is 

done in order to determine what bioactive compound 

should be used in order to achieve the goal of the FFP. 

Bioactive compounds are primary and secondary 

metabolites of nutritive and non-nutritive natural 

components generating health benefits by preventing 

or managing chronic disease or its symptoms [13]. In 

step three, a dosage of the bioactive compound is 

established. This is important because too little or too 

much of the bioactive compound can nullify the goal. 

In step four, a biological pathway for the bioactive 

compound is determined and in step five, a biomarker 

is chosen. This provides researchers with a 

measurable variable. This is vital because without a 

measurable variable, testing cannot be done, and the 

product cannot be released to the market. In step six, 

an appropriate food vehicle for the bioactive 

compound is chosen. In step seven, in vitro and in vivo 

animal testing is done. This helps to formulate the 

safest and most effective dosage. In step eight, 

clinical human trials are performed. This helps to fine-

tune the dosage for human consumption by 

employing the biomarker. In step nine, a label is 

created for the FFP. The purpose of this is to properly 

inform the consumer of things like the dosage 

recommendations, shelf life, and the most effective 

way to consume the product. In step ten, the FFP is 

marketed to the public. This helps educate them 

about the benefits of the product. In step eleven, 

epidemiological studies are performed. An 

epidemiological study is a study that measures the 

risk of a disease in an exposed population vs. in an 

unexposed population.  This step is crucial because it 
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helps to gain the public’s trust.  However, this step is 

also a very difficult step as it requires a long period of 

time and a large subject pool. The FFC is considering 

issuing different grades of FFPs, such as grade A, 

grade B, etc. Because of this, epidemiological studies 

are preferred, but not 100% necessary.  In step 

twelve, the data from the epidemiological study is 

sent to government agencies and third-party 

organizations for approval. In step thirteen, the FFP is 

released to the market and in step fourteen, 

aftermarket research is performed. This aids in 

monitoring any potential gap between the previous 

controlled studies and how the FFP affects consumers 

once it is available on the market. Similar to 

epidemiological studies, aftermarket research is 

preferred, but not 100% necessary.  Finally, in the 

fifteenth step, the FFP is officially established. As you 

can see, the proposed steps to establish an FFP are 

very extensive. This is necessary in order to create a 

safe and trustworthy product for the public to 

consume, as well as gain FDA approval. Figure 6. 

shows the 15-step proposed process an FFP must go 

through in order to be authorized in the US. 

Figure 6. The FFC’s proposed system to authorize an FFP [2]. 
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METHODOLOGY 

FFS separates itself from other scientific fields of 

study based on its methodological practices. FFS is 

reliant on substantial evidence and bioactive 

compounds in order to consider food products 

“functional food products”. Evidence is evaluated 

through a detailed 15-step process, which in itself 

provides insight on the complexity of the science and 

its determining factors. The foods are analyzed 

through multiple studies including in vivo studies, in 

vitro studies, clinical trials and epidemiological 

studies. It is important to note that each study aims 

to measure different properties of the potential FFP. 

With that being said, the variability in data within the 

studies requires scientists to complete multiple types 

of studies to get all of the necessary data. Having a 

wide variety of data gives enough substantial 

evidence to determine if it qualifies as an FFP. 

Substantial evidence, measuring the products with 

specific bioactive compounds and biomarkers, and 

taking the product through a 15-step process of 

evaluation is exactly what differentiates FFS from 

other fields. The attention to detail and processing is 

imperative to ensure accuracy through and through, 

which is what FFS hopes to continue in its future 

endeavors.  

Functional Food Science vs. Food Science in 

Education: Another notable difference between FFS 

and FS is found in the curriculum available in 

secondary schools and higher educational 

institutions. It is common for FS to be taught in a 

classroom setting. For example, students at Carl 

Schurz High School in Chicago are being taught FS 

through a FS Lab. The students are educated on 

growing fresh food, nutrition, food engineering, and 

sustainability [14]. Many high schools have either 

specific classes designed to teach FS, or specialized 

units in science and health classes. Additionally, many 

universities have FS classes, FS minors, and FS majors 

available to their students. According to the U.S. 

News and World Report, sixty-three universities in 

the United States offer a FS Major and that number is 

steadily increasing each year [15].  In contrast, FFS 

courses and lessons are not taught at nearly the same 

rate as FS. The FFC as of May of 2021 has 8 published 

textbooks available to secondary schools and higher 

educational institutions. Their textbooks range from 

introductory level books, such as Functional Food 

Textbook Volume 1: Introduction to Functional Food 

Science (Third Edition), to specialized areas such as 

Functional Food Textbook Volume 3: Functional Foods 

and Cancer. It is also notable that these materials are 

readily accessible.  

         One reason that FS is more well known is that FS 

officially dates back to almost a hundred years ago. FS 

has always been used throughout history. It is what 

led to the practices that helped our ancestors farm 

and domesticate farm animals. Eventually, this led 

people to develop preservation methods and 

eventually evolved into the FS we know today. The 

Institute of Food Technologists (IFT) is an 

international society of professionals who collaborate 

to further develop FS. It was created in 1939 and 

helped popularize the field. FFS, on the other hand, is 

still relatively new, even internationally. The first time 

the term “functional food” was even used was in the 

early ‘80s in Japan. Japan developed this system in 

order to help combat the rising healthcare costs the 

country faced. Because there is only a small number 

of countries who officially produce and regulate 

functional foods, there are very few who teach FFS in 

their school systems. A study was performed in Japan 

by the International Journal of Clinical Pharmacy to 

investigate pharmacists’ knowledge on functional 

foods. The results showed a lack of knowledge and 

training on the topic [16]. Japan has one of the most 

developed regulatory systems for FFPs and even they 

struggle to educate medical professionals on this field 
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of science. While there has been an increase in the 

advancement of FFS into secondary and higher 

educational institutions, it is clear that there is 

progress to be made. 

Scientific and Methodological Challenges in 

Functional Food Science: A challenge that 

distinguishes the field of FFS from FS is that FFS relies 

on substantiated evidence for the effects of a 

bioactive compound on health. Substantiated 

evidence comes from consistent results between 

multiple types of studies investigating a bioactive 

compound such as in vitro studies, in vivo studies, 

clinical intervention studies, and epidemiological 

studies. The challenge here is having a collective body 

of evidence that has results that are consistent with 

one another and indicate that the bioactive 

component of a functional food has the claimed 

effect on health. One type of study alone cannot be 

sufficient to support the health claim of a functional 

food’s bioactive component because each type of 

previously mentioned study yields valuable, yet 

limited information on the effects of a bioactive 

component on health. In vitro studies allow research 

to determine appropriate amounts of a bioactive 

compound to administer without putting the life of 

any living being at risk. In vivo studies in laboratory 

animals allow research to further refine the amount 

of the bioactive compound to be administered to 

minimize any potential adverse health effects in 

human trials. Trials on humans, especially 

randomized, double-blinded, placebo-controlled 

studies, provide the foundation for the body of 

evidence to support any claim of an FFP and bioactive 

compound. Yet these studies would not be possible 

to carry out without preliminary trials in vitro and in 

vivo in animals because these preliminary studies are 

necessary to ensure that all human intervention trials 

are conducted in an ethical manner that does not 

endanger the lives of human subjects. Figure 7. shows 

the different studies that contribute to collecting 

substantiated evidence.

Figure 7. Studies that contribute to substantiated evidence 

The process of conducting a human intervention trial 

that meets the rigorous standards of substantiated 

scientific evidence under the Process for the 

Assessment of Scientific Support for Claims on Food 

(PASSCLAIM) presents another challenge in the field 

of FFS that is not present in FS. Some PASSCLAIM 

criteria that may prove challenging for research on 

FFS include designing a study that accounts for the 

effect the food matrix and dietary context have on the 

bioactive component and its functions, ensuring 

subjects have high compliance with the intake of the 

food component being studied, and using biomarkers 



Functional Foods in Health and Disease 2021; 11(9): 408-430   FFHD   Page 419 of 430 

that are biologically and methodologically valid to 

conduct quantitative analysis of the effect of 

bioactive components on health [17]. The criteria 

regarding valid biomarkers is especially important to 

the field of FFS and will be further elaborated on as a 

challenge that makes FFS distinct from FS later in this 

section. 

The challenge for FFS to meet the criteria of 

designing a human intervention study that accounts 

for the influence of the food matrix and dietary 

context on the effects of the bioactive compound can 

be observed in previous human intervention studies 

that delivered unexpected results. Beta-carotene has 

been extensively studied and was found to have a 

possible association with the reduction in the risk of 

lung cancer in epidemiological studies. However, a 

randomized, double-blinded, placebo-controlled 

human intervention study using a beta-carotene 

supplement as an experimental treatment resulted in 

an increased risk in the incidence of lung cancer for 

those who took the beta-carotene supplement [18]. 

This study is a valuable example in showing the 

necessity that an FFS study be designed to account for 

the food matrix that is associated with the intake of 

any bioactive compound. The epidemiological 

findings found that beta-carotene intake in the form 

of fruits and vegetables had a risk reduction effect on 

lung cancer, but a supplement containing isolated 

beta-carotene had the opposite effect. The behavior 

of a bioactive compound could differ drastically 

depending on the form it is consumed in; intake of a 

bioactive compound in pill form may have a different 

effect than in liquid or solid food form. When food is 

consumed, there are multiple interactions occurring 

between the chemicals present in the food matrix and 

FFS must account for these interactions in order to 

develop an effective FFP. 

Phytochemicals are a notable subset of 

bioactive compounds that pose a challenge to FFS 

research with regards to accounting for the multiple 

interactions with the food matrix because many of 

these compounds are found in plants that contain a 

vast array of phytochemicals that work in concert 

with the other nutrients and non-nutrients present in 

the source. Therefore, it is difficult to identify and 

isolate the most influential bioactive compounds in 

plants for the purpose of sound, hypothesis-based 

scientific research. An additional challenge that FFS 

research faces due to phytochemicals is that 

environmental conditions will affect the 

phytochemical profile of a growing plant [19]. 

Therefore, FFS is challenged with finding a consistent 

source for phytochemicals for scientific research. If 

research is conducted with plants of varying 

phytochemical profiles, results may be inconsistent 

due to the different levels of certain phytochemicals 

present in each plant studied and the different levels 

of interactions between the phytochemicals and 

other compounds present in a specific plant sample. 

Any inconsistencies in research that arise from an 

inconsistent plant source for phytochemicals will 

hamper the progress of developing FFP support with 

substantiated evidence. 

An additional interaction to consider is between 

bioactive compounds with potential health benefits 

and food processing methods. Although a bioactive 

compound in its natural state may provide health 

benefits, everyday food processing actions such as 

applying heat or adding liquid may nullify those 

healthful properties. For example, isothiocyanates 

that are found in cruciferous vegetables and released 

by chewing have been shown to protect against 

tumor growth [20-21]. 2-phenylethyl isothiocyanate 

has been recommended in particular to decrease the 

risk of lung cancer from smoking [20]. However, 

cooking significantly reduces the uptake of 

isothiocyanates from cruciferous vegetables because 
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the myrosinase enzyme that aids in isothiocyanate 

absorption is denatured by heat [22-23] 

Another scientific challenge that distinguishes 

FFS is determining the mechanism that explains an 

FFP’s beneficial effect on human health. Finding the 

mechanism associated with an FFP is reflected in step 

four of the Functional Food Center’s Proposed System 

to Authorize an FFP [2]. A notable example of this 

challenge is that scientific research has found a 

beneficial effect of soy isoflavones on the risk of 

Cardiovascular Disease. However, the mechanism for 

this effect has not yet been fully elucidated [24]. 

Additionally, insufficient research has been done to 

determine the possible negative consequences to 

health that soy proteins may bring due to recent 

research reporting adverse effects of soy protein on 

lipoprotein(a) and brachial artery flow-mediated 

dilation [25].  

Even when the mechanism of how a bioactive 

component in a potential FFP is understood, there 

still may be challenges in implementing that bioactive 

compound in a manner that is beneficial to human 

health. Phytoestrogens appear to increase the levels 

of hormone-binding globulin in the body, which then 

acts to reduce levels of circulating estrogen and 

increases the duration of the menstrual cycle by 

inhibiting gonadotropin output. These factors 

combined, less estrogen and a longer menstrual 

cycle, mean that there is lower exposure to estrogen 

over the course of a life [26-29]. This is notable 

because less exposure to estrogen over the course of 

a lifetime is associated with decreased breast cancer 

risk [28]. However, scientific evidence has also found 

that supplementing with phytoestrogens may lead to 

adverse health effects as well. When phytoestrogens 

were supplemented in soy protein form, subjects had 

significantly more breast lobular epithelium 

proliferation [30]. Estrogen from soy protein 

supplements also leads to an increased amount of 

hyperplastic cells in aspirated breast fluid from 

subjects [31]. A study by Allred et al. [32] suggests 

caution when proceeding to use phytoestrogens as a 

supplement because this study found that soy-

containing diets led to the growth of estrogen 

dependent tumors in mice. Since scientific research 

has found that phytoestrogens are involved in a 

biological mechanism that decreases the risk of 

breast cancer and that phytoestrogens may lead to an 

increased risk of cancer, FFS cannot easily proceed 

with using phytoestrogens as a potential bioactive 

component in an FFP.  

Another example of a challenge in FFS is the use 

of organosulfur compounds as a bioactive compound 

in FFPs. Diallyl disulfide and diallyl sulfide in garlic 

have been found to have anti-carcinogenic effects 

[33-34]. The mechanism for this effect may be from 

these bioactive compounds promoting glutathione S-

transferase activity in the liver, where the transferase 

enzyme binds to and detoxifies carcinogens [34]. 

However, in a study by Fukushima [34] diallyl sulfide 

promoted liver carcinogenesis, the opposite of the 

expected inhibition of carcinogenesis. This is another 

example of how FFS is challenged with conflicting 

scientific information regarding a bioactive 

compound’s effect on health. If an FFP were to 

feature organosulfur compounds such as diallyl 

sulfide, further research must be done to better 

understand this compound’s effects on human 

health. Similarly, monoterpenes, which are found in 

the essential oils of fruits like citrus fruits, mint, and 

herbs, have been found to cause complete regression 

of mammary carcinomas in a supermajority of rats 

[35-38]. However, one study found that the 

monoterpene perillyl alcohol actually had tumor 

promoting effects [39].  

Biomarkers in Functional Food Science: Research in 

FFS relies on the use of biomarkers because they 
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provide a means for quantitatively assessing the 

effects a bioactive compound has on health. 

However, certain challenges exist regarding the use of 

biomarkers in scientific research. Archived biological 

specimens are a rich source for discovering potential 

new biomarkers, but the challenge is that there is no 

standard for the storage and processing of these 

specimens [40]. The lack of standardization may 

introduce a source of variability that could impede 

biomarker discovery because potential confounding 

variables could obscure any relationships between a 

candidate biomarker and the value it helps track.  

Technological challenges in biomarker discovery 

also present a challenge to the FFS field that is not 

present in the FS field. Advanced technology such as 

quantitative nuclear magnetic resonance 

spectroscopy (NMR) and liquid chromatography- 

mass spectrometry (LC-MS) are useful tools but have 

certain limitations. Quantitative NMR methods allow 

for the identification of new biomarkers with little 

sample processing necessary. However, this method 

is not very sensitive to metabolites in small 

concentrations, so it can only identify the most 

prevalent metabolites in a given biological sample. 

LC-MS affords better sensitivity to small amounts of 

metabolites but requires more extensive workup to 

process a sample. This workup can be quite expensive 

when isotopically labeled standards and multipoint 

calibration curves are used [40]. The challenges 

presented by the technology involved in the discovery 

of biomarkers can be viewed as hurdles that 

biomarker research and FFS research must overcome 

in order to develop usable biomarkers and FFPs that 

are supported by scientific evidence. 

Biomarker validation is another notable 

challenge that is present in the biomarker discovery 

process and by extension, present in FFS. Similar to 

how FFS research must undergo rigorous evaluation 

to substantiate any claims on an FFP’s effect on 

health, biomarkers must also undergo rigorous 

evaluation to be considered suitable for research 

purposes. No validation process is universally 

accepted, but all good processes use a systematic 

approach to validate biomarkers. An exemplary 

validation process would be the 8-step process by 

Dragsted et al. that deals with “biomarker plausibility, 

dose response, time response, robustness, reliability, 

stability, analytical performance, and reproducibility” 

[41]. These 8 steps are intended to ensure that 

biomarkers used in research will help produce results 

that are accurate and meaningful to the scientific 

community. However, these criteria that ensure high 

quality biomarkers also contribute to the slow pace at 

which valid new biomarkers are discovered. Since 

research cannot afford to sacrifice quality for speed, 

the slow pace of new biomarker discovery must be 

taken as a limitation present in biomarker research 

and FFS research that depends on biomarkers. 

Another challenge in biomarker discovery is that 

there is simply insufficient data on the fate of 

chemical compounds after ingestion. Some 

compounds are metabolically inert and remain 

identical in composition to the compound found in 

the food. Others undergo metabolic transformations 

and become very different from their original, pre-

ingested form. A further complication comes from 

variation of host genetics and microbiome because 

this variation may lead to differing fates for the same 

ingested compound. Regarding host genetics, 

metabolome wide association studies have found 

that thousands of SNPs and metabolites covary. For 

the microbiome, a notable example is the conversion 

of soy isoflavone daidzein to equol in only a subset of 

people who possess a microbiome with the 

composition necessary to bring about this conversion 

[40]. These differing fates of ingested compounds 

makes the use of biomarkers challenging because a 

biomarker that is traced well in one individual may 
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not be traced well or be entirely absent in another. As 

a result, scientific research would struggle to reach a 

sound conclusion regarding the claim of an FFP. Yet 

another challenge regarding the fate of biomarkers 

post-ingestion are the various half-lives associated 

with different biomarkers. Some metabolites like 

proline betaine in citrus fruits are quickly absorbed 

and eliminated, leaving a very narrow window to 

sample the marker after ingestion. Other biomarkers, 

such as urolithin from microbial metabolism, takes 

between 30 and 45 hours after ingestion to be 

detected [40]. Excessively short half-lives and 

excessively long latency periods of certain biomarkers 

presents a logistical challenge for biomarker research. 

The study must be designed in such a way that data is 

collected at the appropriate time after subjects ingest 

the bioactive compound via a functional food vehicle. 

A human trial study using fecal water 

cytotoxicity and genotoxicity as biomarkers to study 

the effect of dairy products in the diet on colon cancer 

risk serves as an example of the challenges associated 

with using reliable biomarkers to conduct research. 

Both cytotoxicity and genotoxicity are generally 

accepted risk markers for colon cancer. The study 

found that shifting the subjects from a dairy rich diet 

to a dairy free one brought about a decrease in cell 

survival in a cytotoxicity assay but no significant 

change in genotoxicity from the dietary intervention 

[42]. Only cytotoxicity significantly changed, yet the 

other biomarker genotoxicity did not. This raises the 

question about whether or not the intervention 

actually brought about the hypothesized effect in the 

human subjects; one of the two markers indicated a 

significant change in colon cancer risk, contradicting 

the other biomarker which indicated no significant 

change in risk. The fact that cytotoxicity changed 

significantly but genotoxicity did not as a result of the 

diet intervention implies that additional work must be 

done to ensure that biomarkers are well calibrated to 

track a subject’s risk of a disease with regards to 

dietary intervention. FFS research must be careful to 

choose the proper biomarker to support the FFP’s 

claim. Additionally, research must consider any 

possible discrepancies between changes in relevant 

biomarkers. Possible discrepancies between valid 

biomarkers are another challenge that FFS must deal 

with when developing an FFP because such 

discrepancies would weaken the body of evidence 

necessary to substantiate an FFP claim. 

Relevance to the Public: The necessary distinction 

between FFS and FS has the capacity to directly 

benefit the public. It is vital to make steps towards the 

official recognition of FFS as its own scientific field of 

study. If successful, proper funding and necessary 

resources can be put into place. Functional foods, as 

discovered by FFS, can work in tandem with western 

medicine to assist with the prevention and/or relief of 

various diseases. The FFC plays a central role in the 

establishment of FFS as its own field of study. The FFC 

hopes to continually strengthen the working 

definition of FFS in order for it to be recognized by the 

government and on a global scale. The FFC is directly 

focused on bettering the wellbeing of the general 

public and hopes with this establishment to better 

the lives of those in the United States and globally [1]. 

Functional Foods Preventing and Relieving Effects of 

Disease: Functional foods have the capacity to 

prevent and relieve effects of disease. If functional 

foods are consumed regularly over an extended 

period of time, they can improve your immune 

system, making you better equipped to prevent and 

fight against both viral and chronic diseases. While 

the definition of functional foods is continuously 

adapting, the understanding is that functional foods 

have a clinically proven health benefit as measured by 

specific biomarkers. These foods are meant to 
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promote better health and overall wellbeing, in 

addition to preventing and relieving effects of disease 

through the management of associated symptoms 

[2]. 

Functional foods play a key role when it comes 

to strengthening the immune system. Given the 

scientific advancements made by western medicine, 

including the availability of vaccines, some may 

question the need for functional foods as a 

counterpart to an already effective method for 

prevention and maintenance. The FFC feels strongly 

that functional foods can work alongside modern-day 

medicine. In various situations, functional foods have 

proven to be especially effective. If a vaccine is not yet 

available or not effective, functional foods can bridge 

the gap and decline the rate at which a disease may 

present itself. If a vaccine is not readily available, as 

witnessed with COVID-19, consuming functional 

foods in the meantime will make someone better 

suited to fight off the disease, as the benefits from 

these foods will strengthen the immune system.  

When discussing functional foods, the elderly, in 

particular, can see the greatest benefits from regular 

consumption. While human life expectancy has 

grown, we see the inverse reaction when looking to 

the immune system and its decline with age. As a 

consequence, this puts the older population at 

greater risk of being immunocompromised and 

makes them more susceptible to disease. Even if they 

receive a vaccine, the vaccine may be less effective 

for them, as their weakened immune system requires 

a greater dosage than what is given to the average 

patient. Functional foods can strengthen their ability 

to fight against viral and chronic diseases and also 

help relieve symptoms from already existing 

conditions. With substantial recognition by the 

government, proper funding of FFS can occur, making 

it so these discoveries are announced to the general 

public. More research can occur, leading to the 

potential to discover even more functional foods, 

ultimately bettering the immunity of those who need 

it most [43]. 

What it Means for Food to be a Functional Food 

Product: Given the positive correlation between the 

consumption of functional foods and disease 

prevention, it is important to note specific examples 

of functional foods and foods advertised as being 

functional when they are not at all. Most of the time, 

foods claiming to be functional have no evidence. An 

FFP can best be authorized by following the 15-step 

process, as proposed by Functional Food Center. This 

detailed process ensures that the foods are 

scientifically proven to have a specific function. The 

foods must have a recommended dosage, be 

measured using specific biomarkers, and must be 

studied through various trials before being released 

to the public. Even after these foods are marketed, 

scientists will continue to update information about 

these foods with aftermarket research [2]. 

Foods that are often mistaken as functional 

foods include but are not limited to: foods containing 

zinc, foods containing omega-3 fatty acids, and foods 

containing vitamin A. These foods are thought to 

support the immune system and help fight off viral 

diseases [43]. While these foods may positively 

impact the immune system, they cannot be 

considered “functional foods.” Food products like 

these and others of similar nature tend to lack 

scientific evidence. For a food to be considered 

functional, it is best that it follows the 15-step process 
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outlined by the FFC. This ensures the food item is 

effective and has a clear purpose. 

An example of a good candidate for a functional 

food is Fibersol-2. Fibersol-2, as mentioned 

previously, is an unflavored powder or liquid additive 

for foods and drinks. It contains the bioactive 

compound, digestion-resistant maltodextrin and is 

multifunctional. It is believed to have positive effects 

relative to the regulation of healthy glucose levels, 

thought to increase satiety and assist with intestinal 

function, and even presumed to help manage 

metabolic syndrome. It has been analyzed in clinical 

trials and is perceived to be effective in the 

prevention of diseases in this realm. While Fibersol-2 

has been taken through some of the steps in the 15-

step process, it still falls short for some of the criteria 

and needs to be taken through the other steps to 

confirm that this is a finalized FFP [11]. 

It is important to educate the public about what 

makes a food functional. Often, people are misled by 

marketing tactics that provide misinformation on the 

label. Confirmed functional foods have great 

potential for the prevention of disease and the 

reduction of symptoms. If FFS becomes an 

established field of its own, misinformation will be 

retaught correctly. Additionally, customers will be 

able to purchase foods with the satisfaction that what 

they are buying is backed by science. Disease can be 

prevented, symptoms can be managed, and the 

general population’s wellbeing can significantly 

improve. 

Functional Food Science — an Independent Scientific 

Field of Study: It is imperative to recognize FFS as its 

own scientific field of study. The discoveries made by 

these scientists have the capacity to change the way 

we combat disease as we know it. Doing so would 

directly benefit the health of the general population 

and has the capacity to influence the economy 

through greater sale of food items. From the 

perspective of safety, recognition is necessary in 

order to safely carry out all steps of the 

manufacturing process, even after the products are 

put on the shelves [2]. 

The FFC hopes to not only further the scientific 

discoveries made, but also wants to educate the 

public on inaccurate information they have been 

misled to believe all this time. Because the FDA does 

not require approval for supplements being sold, 

there is no way of regulating the process. It is 

important to the FFC that the public understand the 

true definition of functional foods and the effect 

supplements have on a person’s body [1]. All 

information is backed by scientific data and measured 

using specific biomarkers for accuracy. Also, just like 

the definition of FFS, all foods being sold would be 

routinely analyzed for accuracy of data, as science is 

ever-changing. 

 In addition to ensuring all functional foods that 

are being marketed are monitored for accuracy, 

functional foods would be studied alongside others 

that are beneficial towards the same condition or 

disease. Scientists will push for manufacturers to 

design the foods being sold to have a healthy amount 

of these nutrients all together as one product to 

maximize benefits [11]. It is crucial to be transparent 

with the consumer. The public should be educated on 

the scientific data that has brought that specific item 

to the shelves. They should also be informed of the 

benefits that functional food items will have on their 

health. Instead of listing the vitamins or minerals in 

that food, it is even more effective to explain what 
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this means. The benefits it could have on certain 

conditions or diseases should be discussed so the 

consumer is fully aware of what they are getting in 

this product. There should never be the assumption 

that someone understands the effects of a certain 

nutrient and those in FFS should instead be educators 

on each product label [44]. Figure 8. shows the 

outcomes of FDA approval in an organized table 

below. 

Figure 8. Proposed outcomes from the recognition of FFS by the government [44]. (We have used information 

from this source to create this image.) 

Should FFS become an established field and 

differentiated from FS, more functional foods can be 

studied, manufactured, and then given to the public. 

Throughout this entire process, information to the 

public will be provided with full transparency and 

products will be continually monitored even after 

being put on the shelf. Those who purchase these 

products will have a clear understanding of what they 

are buying, in addition to all effects these foods have 

on their health [1]. The FFC has a key role in this 

establishment. To officially be recognized by the 

government and on a global scale, a clear definition 

of FFS must be established. This, in turn, will pave the 

way for proper funding and resources to be 

administered which can further the research being 

done and ultimately have a positive effect on public 

health [1]. 

Quantity in Functional Food Science: One more 

significant difference between FFS and FS is that FFS 

revolves around quantification. Examples of this are: 

the amount of a bioactive compound in an FFP, 

quantification of the effect of bioactive compounds 

by using biomarkers, quantification by using special 

food product labels specifying the amount of a 

bioactive compound, shelf life, how much of the FFP 

should be consumed in order to get the health 

benefit, and what the maximum consumption of the 

FFP is that you can consume at one time. While FS 

also relies on quantification, FFS relies on it to a much 

higher degree. Quantity is vital to FFS because the 

effects of the bioactive compound, and in turn the 

FFP, rely on the specific quantities tested in in vivo 
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trials, in vitro trials, clinical trials, etc. 

       FFS as a whole depends greatly on quantity to 

have its products carry out their intended function. In 

FFS for an FFP to work as it is intended, it must be 

taken in a specific, measurable dose. The function of 

the food item is completely reliant on the amount. 

Too little of the FFP may cause the item to be 

ineffective, while too much of the product may cause 

adverse effects. It is important for the user to follow 

the outlined dosage recommendation to ensure safe 

consumption and see the greatest effects from that 

specific FFP. 

DISCUSSION 

Although they are often mistaken for one another, 

functional food science and food science have many 

differences. Food science is primarily concerned with 

food preservation, food security, sustainability, and 

packaging. On the contrary, functional food science is 

primarily concerned with developing functional food 

products that are substantiated by scientific evidence 

regarding a bioactive compound’s effect on health. 

Currently, the FDA accepts food science while it has 

not recognized functional food science. The FDA uses 

a health claim authorization system to add health 

claims to food products, but this system lacks a formal 

definition for functional foods. Because functional 

foods lack their own official category, it is hard for 

consumers to distinguish normal foods from foods 

with legitimate functionality. Moreover, food science 

is a topic that is actively taught in the U.S. education 

system while there is a lack of education regarding 

functional food science. Other countries, such as 

Japan, have a strict regulatory system that could set a 

precedent for the U.S. The FFC is considering issuing 

different grades of FFPs based on what steps are met 

in the proposed 15-step system to authorize a 

functional food product, such as grade “A”, grade “B”, 

and grade “C”.  For example, a grade “A” functional 

food product would be a functional food product that 

completed all 15 steps of the proposed system. A 

grade “B” functional food product would be a 

functional food product that went through 14 out of 

the 15 steps but did not go through an 

epidemiological study or aftermarket research. A 

grade “C” functional food product would be a 

functional food product that completed 13 out of 15 

steps of the proposed system but did not go through 

an epidemiological study and aftermarket research. 

Other steps, such as clinical trials, are vital to 

understanding a functional food product’s effect, so 

these steps will not be omitted. Epidemiological 

studies and aftermarket research are preferred, but 

not 100% necessary in order to create a safe 

functional food product that can be released to the 

general public. 

           In addition to this, many challenges arise during 

the process of gathering scientific evidence to 

support a functional food product with regards to 

conducting high quality scientific research. One 

significant challenge is achieving a general consensus 

on the effects that a bioactive compound has on 

health. Because there are various types of scientific 

studies, each study may produce different results. 

Another scientific challenge is implementing 

appropriate study design to allow research to 

accurately determine the effects of a bioactive 

compound on health. Functional food science studies 

must take into account the potential interactions a 

bioactive compound will have with its dietary context 

and also use valid biomarkers to quantitatively assess 

the impact of an FFP with a bioactive compound on 

general health and disease. The use of valid 

biomarkers is a challenge in its own sense. Biomarker 

discovery contains its own set of challenges, such as 

dealing with the rigorous standards of developing a 

new valid biomarker. Additional challenges in the 
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biomarker field include insufficient understanding of 

biomarkers with respect to variation among 

individuals, and possible reporting discrepancies in 

health changes among biomarkers. Because the 

implementation of high-quality biomarkers is crucial 

to provide scientific evidence in support of functional 

food products, the challenges present in the field of 

biomarker research extend into the field of functional 

food science.  

Regarding regulation set by the FDA, curricula 

availability, and scientific challenge, these aspects 

help differentiate functional food science from food 

science. By differentiating the two fields of science, 

functional food science can progress in regulation and 

legislation. There are not many other articles 

published thus far that compare functional food 

science with food science, and also discuss the 

relevance to the general public. This work can be used 

to further research about the field and strengthen 

arguments for the future of functional food science. 

The conclusions started within this article present an 

opportunity for greater research to be conducted in 

the future. 

         Looking at the methodology, functional food 

science is unique in its attention to detail and 

extensive process for certifying a functional food 

product. While other sciences rely on evidence, 

functional food science goes a step further and only 

uses evidence considered substantial. In addition, 

certain amounts of bioactive compounds are 

necessary for a food item to be considered a 

functional food product. While following a 15-step 

process for certification, a food item will be evaluated 

in various trials which aim to gather information on 

different qualities of the food. These trials include in 

vivo studies, in vitro studies, clinical trials, and 

epidemiological studies, which all look at different 

elements of the food item. The data from all trials is 

combined and analyzed together instead of just 

relying on one trial. The process intends to rule out 

food items that do not qualify as functional food 

products and helps to gather thorough data. This 

ensures an accurate process that can be utilized to 

evaluate even more functional foods that have yet to 

be discovered. Finally looking at quantification, the 

field of functional food science is dependent on 

specific numbers for functional food products to be 

able to carry out their intended function. Functional 

food science requires specific quantities for safe and 

proper consumption of their food items. All areas of 

the field require attention to numbers. Bioactive 

compounds are measured to deem a product 

functional, the products are studied in specific trials 

that measure amounts and in order for safety 

throughout the process, and the safe amount for shelf 

life and consumption also are requirements for the 

product. Functional food science would be nothing 

without attention to numbers.  

CONCLUSION 

Functional food science has the potential to improve 

the general population's health across the world. The 

Functional Food Center is considering implementing a 

grading system for different levels of functional food 

products. This is similar to Japan’s system. They have 

FOSHU, where, in order to be authorized, products 

have to go through a strict process. They also have a 

Foods with Functions Claims system that allows 

function claims to be added to a product without 

government evaluation, instead only requiring a 

clinical trial or a literature review on the potential 

functional food. If a grading system is implemented 

for functional food products in the US, this could 

make them more widely accessible to the general 

population. 
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It is key to recognize the discrepancies between 

food and functional food products and the 

differences between functional food science and food 

science. Food is meant to provide energy for the body 

and support basic function. However, foods do not 

require regulatory processes or a process for 

certification like functional foods do. Functional foods 

contain biologically active compounds, which in 

defined, effective, non-toxic amounts have a health 

benefit. They are measured by specific biomarkers 

and are meant to improve health by reducing risk of 

disease and helping to manage symptoms.  

Similarly, functional food science is separate 

from food science. Functional food science describes 

the preparation of functional foods where foods are 

used for health purposes. Food science is an entirely 

different concept which pertains to the physical, 

microbial and chemical composition of food. Food 

science is used to identify the nutritional makeup of 

foods and can play a role in sustainability, food safety, 

and food packaging.  

There is also a need for quantification in the field 

of functional food science. For food products to be 

consumed, they must have a specified amount on the 

label for the user to follow. This ensures the product 

will work as it is intended and will be used safely. It is 

important we develop a clear distinction between 

these concepts, as this is a necessary step to 

recognize functional food science as its own official 

field. Articles written in the future should focus on the 

possible classification of functional food products, 

which helps the field of functional food science. This 

can help to more clearly define functional food 

science as a field and can better guide the process of 

distinguishing functional food products. Eventually, 

we can establish a single definition across the U.S. and 

in turn, continue the discovery of more functional 

foods which can benefit the general public. 

Abbreviations: FDA: U.S. Food and Drug 

Administration, FFC: Functional Food Center, FFP: 

functional food product(s), FOSHU: Foods for 

Specified Health Uses, GI: gastrointestinal tract, IFT: 

Institute of Food technologists, FFS: Functional Food 

Science, FS: Food Science 
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