
 

Department of Applied Human Nutrition 

 

 

 

  

 

The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake 

in young males 

 

 

By 

Tongtong Li 

 

 

A Thesis  

Submitted in partial fulfillment of the requirements for the degree of  

Master of Science in Applied Human Nutrition 

 

Supervisor: Dr. Bohdan Luhovyy 

Member(s) of Thesis Committee: Dr. Priya Kathirvel & Dr. Phillip Joy 

 

 

November 2022 

Halifax, Nova Scotia, Canada 

© Tongtong Li 2022 



Thesis  Tongtong Li 

 

Page 2 of 192 

Abstract 

Background & Objectives: Seaweeds, known as sea vegetables, are a rich source of nutrients, including 

minerals, polysaccharides, soluble and insoluble fibers, and trace elements. Seaweeds are traditionally 

consumed in Asian countries; however, their consumption in western countries, including Canada, is 

very limited. The major reasons for limited consumption include their unique taste and flavor, 

unfamiliarity with using seaweeds in traditional foods, unavailability of ready-to-use processed foods 

with seaweeds and lack of information regarding their health benefits. To enhance the development and 

consumption of seaweed products in Canada, there is a need to investigate the sensory acceptability of 

seaweed-containing foods and their link with appetite sensation in consumers. The objective was to 

assess the effect of Chondrus crispus seaweed on sensory characteristics, ad libitum food intake (FI) at 

120min, subjective appetite (SA) and physical comfort over 120min in males (19-35y). Methods: Thirty 

male participants (19-35 y) with Body Mass Index (BMI) of 20.0-24.9kg/m2 completed a randomized 

controlled, single-blinded cross-over. The treatments included the omelettes prepared with (S) or without 

(N) added dried Chondrus crispus (5g, 60ml) and energy-free water control (W). Visual Analogue Scales 

(VAS) were used to assess appetite and physical comfort throughout the study. Results: S resulted in a 

similar pleasantness, taste, texture, flavour, aftertaste and appearance compared to N (P>0.05). Both S 

and N led to reduced FI at 120min compared to W (P<0.05) while FI after S was 115 kcal less compared 

to N (P=0.05). The palatability of pizza at 120min was lower after S than W and N (P<0.05). Both S and 

N led to reduced subjective appetite over 2h compared to W (P<0.0001), and a similar physical comfort 

(P>0.05). Conclusions: In healthy male adults, adding 5g of Chondrus crispus to a meal results in 

acceptable sensory characteristics, high physical comfort, and SA reduction and FI suppression possibly 

due to increased mastication of the food with added seaweed, and a lower sensory acceptance of a 

subsequent meal. 

Keywords: seaweed; red seaweed; Chondrus crispus, Irish moss; Hana Tsunomata; taste; pleasantness; 

meal; acceptance; perception; satiety; food intake; physical comfort 
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Chapter 1: Introduction 

Seaweed, or macroalgae, or sea vegetables are forms of algae that grow in the sea. They are a food source 

for ocean life and range in various colors from red, green to brown. Seaweeds also come in various shapes; 

for instance, they may be shaped in the form of fingers, broad leaves, spheres, or resemble a fruit [1]. 

There are about 221 species of macroalgae: 125 Rhodophyta (Red seaweed), 64 Phaeophyta (Brown 

seaweed) and 32 Chlorophyta (Green seaweed) that have been cultivated and utilized throughout the 

world. Of those, approximately 66% are used in food. The rest are used wildly in the phycocolloid 

industry, traditional medicine, agriculture, animal feed and fertilizers [2,3].  

Aquaculture is the science of cultivating aquatic animals, plants, and related organisms like fish, shellfish, 

seaweed, and microalgae, for human use and consumption; and is the fastest-growing food production 

sector in the world, with an annual increase of 5.8% between 2001 and 2016 [1]. Seaweed is a globally 

valued marine resource; it is estimated that the global seaweed industry has reached a production value 

of more than USD 6 billion annually. In 2005, the world's total seaweed production was about 15 million 

tonnes; by 2015, the total production was around 30 million tonnes [1]. According to the latest data from 

the Food and Agriculture Organization of the United Nations (FAO), in 2018, the world's total seaweed 

production was around 33 million tonnes [4]. Commercial harvesting occurs in approximately 35 

countries throughout various climates and regions. Global seaweed production continues to grow with 

the largest producers of cultured species, including China, Indonesia, and the Philippines. In addition, 

the largest producers of wild-harvested species include Chile, China, and Norway [1,5]. Domestically, 

Canada occupies a special place among the world producers of seaweeds. There are numerous marine 

plants off the east coast of Canada, but those of economic significance include the rockweed 

(Ascophyllum), Irish moss (Chondrus crispus) and dulse (Palmaria) [6,7]. 

In many maritime countries, seaweeds are used as fertilizer for industrial applications and a food source, 

mainly in Asia. Notably, in China, Japan and Korea, seaweeds have long been used as a healthy food 

because of the highly diversified nutritious ingredients and have been considered as a compensation to 

the traditional food materials [8]. In Japan, seaweeds are served in approximately 21% of their meals, 

and their daily consumption could be as high as 5.3g/day [9–11]. Asian coastal countries consume the 

most significant proportion of seaweeds harvested yearly for human consumption [12]. As a sustainable 

natural resource, seaweeds represent an inexpensive valuable source of nutrients, including minerals, 
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vitamins, soluble dietary fibers, and flavonoids, which are regarded as preventive agents against lifestyle-

related diseases [13]. Seaweed products have the potential to be marketed as functional foods due to the 

presence of fucoxanthin, alginates, fucoidans and phlorotannins that may provide some benefits for body 

weight control [14]. Other seaweed ingredients, including carrageenan from Chondrus crispus, remain 

highly unexplored in their satiating properties [15,16]. Edible seaweeds, therefore, have received 

increasing interest in developing low-cost and highly nutritious diets for humans [17]. Besides the 

potential health benefits, edible seaweeds also provide several inter-sectorial benefits, including the 

provision of several critical ecosystem services; creating a more balanced and diverse local aquaculture 

industry; and participating in the dietary shift toward more decarbonized ocean-based sources of proteins 

[18]. 

However, the consumption and applications of seaweeds in Canada are very limited due to their unique 

taste and flavor, unfamiliarity as food ingredients, the widely perceived unavailability of ready-to-use 

seaweed-formulated foods and the lack of information regarding their health benefits [7]. Growing 

consumer demand for functional foods has led to a rise in the acceptance and use of traditional and novel 

whole foods and ingredients, and it is necessary to formulate a broad range of foods with seaweeds that 

have the potential to be introduced and accepted into the Canadian dietary pattern that might help to 

decrease the prevalence of metabolic syndrome and other non-communicable diseases by modulating 

certain physiological responses.
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Chapter 2: Literature Review 

2.1 Overview of Chronic Diseases in Canada 

Chronic diseases, also known as non-communicable diseases or NCDs, are illnesses that persist a year 

or longer and necessitate continuing medical attention. They are treatable but not curable [19]. Common 

chronic conditions among Canadian adults are hypertension, osteoarthritis, anxiety disorders, 

osteoporosis, diabetes, asthma, chronic obstructive pulmonary disease, ischemic heart disease, cancer, 

and dementia. Of those, obesity, cardiovascular diseases, diabetes, and cancer are the most preventable 

diet and lifestyle-related diseases among Canadians [20]. According to the 2016 Canadian Community 

Health Survey, 44 percent of Canadians (aged 20 and above) suffer from at least one of ten common 

chronic diseases [20]. More than half of Canadian adults reported having one or more chronic illnesses 

in the 2018 Health Care in Canada (HCIC) survey [21]. 

2.1.1 Cardiovascular diseases 

Cardiovascular diseases (CVDs) include atherosclerosis, coronary heart disease, stroke, heart failure, 

deep vein thrombosis, and peripheral arterial diseases are the leading cause of death globally. In 2019, 

an estimated 17.9 million people were reported to have died from CVDs, representing 32% of all global 

deaths. Of these deaths, 85% were due to heart attack and stroke [22]. Despite significant breakthroughs 

in therapy, disease management, and public health measures over the previous few decades, heart disease 

is the second leading cause of mortality in Canada; it is also the primary reason for hospitalization [23]. 

Approximately 2.4 million (or 1 in 12) Canadian adults (aged 20 and older) had ischemic heart disease 

in 2012–2013. Furthermore, in 2015, heart disease was the most significant cause of years of life lost 

owing to premature death in Canada and the second greatest cause of disability-adjusted life years 

(DALYs) lost [23]. Hypertension, dyslipidemia, and diabetes, all core components of the metabolic 

syndrome, are all key risk factors for developing CVDs. CVDs can also be influenced by genetic factors 

or lifestyle variables such as tobacco use, a sedentary lifestyle, or diet composition [22,24].  

2.1.2 Cancer 

Cancer is a broad term encompassing a wide range of diseases that can affect any body part. The other 

terminologies used for cancer include malignant tumors and neoplasms. Each year, the number of people 

diagnosed with cancer rises, and cancer remains a leading cause of global mortality, responsible for 
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nearly 10 million deaths in 2020 [25,26]. Cancer is Canada's leading cause of mortality, accounting for 

30% of all deaths [27]. In 2015, 2.1 million (7.1%) Canadians aged 12 years and older were diagnosed 

with cancer [28]. Cancer risk increases with age, with people aged 70 and up accounting for 43% of new 

cancer diagnoses and 62% of cancer deaths [28]. The yearly number of new cancer cases is expected to 

rise by 84 % and 74% in 2028–2032 in Canadian males and females, respectively [29]. Lung cancer is 

expected to be the most often diagnosed cancer in the general population in Canada, followed by breast 

cancer in women and prostate cancer in men. In 2022, lung cancer is anticipated to be the leading cause 

of cancer death, accounting for 24.3 percent of all cancer fatalities, ahead of colorectal, pancreatic, and 

breast cancers [30]. The incidence and death rates in the eastern provinces of Canada are expected to be 

higher than in the western provinces [30]. Early detection, diet and physical exercise, smoking and 

alcohol reduction, and other healthy behaviors can help prevent or control cancer. Primary preventive 

actions are aimed at preventing cancer before it develops, whereas secondary prevention is concerned 

with early detection and intervention [31]. 

2.1.3 Overweight/Obesity 

Obesity, which is described as an abnormal buildup of body fat in the adipose tissue, energy imbalance, 

and lipogenesis, is a result of modern lifestyles that include high fat, sugar, and calorie intake, as well as 

insufficient exercise and physical activity [32]. According to World Health Organization (WHO), for 

adults, overweight is defined as a body mass index (BMI) greater or equal to 25 kg/m2, and obesity is a 

BMI greater than or equal to 30 kg/m2 [32]. Obesity has become one of the world's most serious public 

health problems. In 2016, more than 1.9 billion adults (accounting for around 39% of the world 

population) were overweight. Of these, over 650 million were obese (accounting for around 13% of the 

world population). It's expected to increase in the near future, especially among adults [32–34]. In 2018, 

the prevalence of overweight and obesity among Canadians aged 18 and above was 36.3% and 26.8%, 

respectively, bringing the total population with higher health risks to 63.1% due to excess weight [35]. 

Obesity is linked to several disorders, including dyslipidemia, hypertension, and hyperglycemia, all of 

which are components of metabolic syndrome (MetS) [36]. In addition, increased BMI is a leading cause 

of non-communicable diseases, such as cardiovascular disease, type II diabetes, musculoskeletal 

disorders (e.g. osteoarthritis), some cancers (e.g. including endometrial, breast, ovarian, prostate, liver, 
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gallbladder, kidney, and colon) [32]. Moreover, obesity leads to a higher prevalence of Nonalcoholic 

Fatty Liver Disease (NAFLD), a chronic liver disease which is considered as the hepatic manifestation 

of MetS, than the general population [37].  

2.1.4 Diabetes 

Diabetes is a metabolic disorder that is characterized by chronic hyperglycemia resulting from 

disturbances in insulin secretion or tissue resistance to its action [38]. Uncontrolled diabetes will result 

in consistently high blood glucose levels, leading to severe complications such as blindness, kidney 

failure, heart attacks, stroke, nerve damage and lower limb amputation [38]. There are three main types 

of diabetes: type I, type II and gestational diabetes [38]. Type I diabetes, common in children and youth, 

is an autoimmune disease in which the pancreas' insulin-producing cells are destroyed by the immune 

system, causing the body to rely on an external source of insulin for life. Type II diabetes, the most 

common diabetes among Canadian adults [39], is a metabolic disorder that happens when the pancreas 

fails to produce enough insulin or when the body fails to use it appropriately (resistant to insulin). 

Gestational diabetes develops during pregnancy and usually disappears after delivery. However, 

gestational diabetes increases the risk of developing type 2 diabetes in the future [38].  

Among Canadian adults, 6.1% have pre-diabetes, 7.0% have high blood glucose and 1.7% live with 

undiagnosed high blood glucose [40]. From 2013 to 2014, it was reported that about 3.0 million were 

living with diagnosed diabetes. In other words, 1 in 10 adults was diabetic [38]. With an average annual 

increase of 3.3% in prevalence from 2000 to 2016, 3.4 million Canadians, representing 8.1% of the 

population, were living with diabetes in 2017 - 2018 [41]. According to the national data, an average of 

549 Canadians are diagnosed with diabetes every day [40]. In 2019, diabetes was the ninth leading cause 

of death globally, with an estimated 1.5 million deaths directly caused by diabetes [42]. 

Although some type II diabetes risk factors such as age, family history, gender, and ethnicity are non-

modifiable [40], certain risk factors can be managed by making healthy lifestyle choices such as eating 

healthily, exercising regularly, and achieving/maintaining a healthy weight. Medication can also help 

prevent the development of type II diabetes in people with pre-diabetes [43]. Furthermore, social 

determinants of health such as food insecurity, social support, and built environment can influence 

individual behavior and must be addressed at a societal level [39]. 
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2.2 Current Trends in Incorporating Functional Foods in Diets 

Hippocrates, the father of modern medicine, said, "Let food be thy medicine, thy medicine shall be thy 

food." Foods are well known for providing nutrients for nourishment and additional health benefits in 

maintaining biological functions and health [44]. The growing economic and social expenses associated 

with diet-related disorders such as cancer, diabetes, and cardiovascular disease have fueled growing 

concerns about diet's impact on health [45]. Consumers are increasingly looking for food ingredients 

beyond basic nutritional benefits to optimize overall health and prevent chronic illness. Growing 

consumer interest, combined with a greater understanding of food-health relationships, rising healthcare 

expenses, and an aging population, has driven the insatiable market for functional foods and natural 

health products (FFNHP) [46]. The concept of "functional foods" first appeared in Japan in the 1980s, 

characterizing enriched food ingredients that bring health benefits to the body. United States, Canada, 

and European countries, eventually adopted the concept, indicating a clear trend toward innovative food 

marketing [47]. Although the term "functional foods" is not regulated in Canada and is defined in various 

ways by different organizations, in general, functional foods describe foods being part of the usual diet, 

being in a food form and containing a bioactive that provides a health benefit. Functional foods can be 

categorized in various ways and may or may not include conventional foods [48]. 

In 2015, the global market for functional foods was valued at USD 129.39 billion, with rising consumer 

awareness of their health and correct diet serving as a significant determinant element driving the sector 

forward in the following years with an average annual growth rate of 8.5% [47,49]. Japan, the United 

States, and Europe are the world's leading markets [47]. In Canada, sales from FFNHP companies were 

$21.5 billion in 2007, with $3.7 billion coming from FFNHP activities. Between 2004 and 2007, revenue 

in the functional foods industry increased by 28% [48]. Currently, the most common functional foods on 

the market are yogurt (digestive health), cereals (cardiac health), margarine/butter (cholesterol 

metabolism), and energy/protein bars and drink (hunger-reduction) [50]. According to a 2012 Ipsos-Reid 

report, 98% of respondents purchased functional food or beverage the previous year. Cereals (e.g., whole 

grain, higher fiber, added omega-3s or omega-6s), healthy snack foods, yoghurt with additional 

probiotics, and juices (with added nutrients and antioxidants) were the most popular functional food 

products [46].   
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Certain factors influence the trend of incorporating functional foods into diets. Researchers have 

identified five determinants that influence consumers' acceptance of functional foods: product 

characteristics, socio-demographic characteristics, psychological characteristics, behavioral 

characteristics, and physical characteristics [51]. People tend to purchase functional foods perceived as 

healthier, less processed, familiar food vehicles and natural enrichments. For instance, they prefer 

margarine and yogurt over chewing gum, ice cream, and chocolate [52]. Fiber-enriched cereals were 

found to be more accepted than calcium-enriched juice because of the less healthy combination of juice 

with calcium [53]. In addition, consumers have higher purchase intentions toward those functional foods 

with reasonable prices and accurate and objective health information about the efficacy of functional 

properties or attributes [51]. Regarding socio-demographic characteristics, such as age and gender, a 

study indicated that older people are typically the primary consumers of functional foods, and female 

consumers are more likely to consume functional foods than males [51]. Consumers with particular 

physical characteristics (e.g., diet-related health problems, subjective health complaints, higher body 

mass index, or poor subjective health) are more likely to incorporate functional foods to improve their 

health status [51].  

In summary, given the competitive nature of the functional foods market and consumers' complicated 

process of accepting novel foods, understanding the determinants that influence consumer acceptance 

and their relationships is critical to a successful product launch and developing marketing strategies for 

the novel functional foods industry. 

2.3 Regulation of Satiety/Appetite and Food Intake 

Food intake regulation via modification of gastrointestinal reactions to ingested foods is becoming an 

increasingly important aspect of therapeutic strategies to combat the obesity epidemic. Seaweed has 

recently received much attention for its potential role in energy regulation by inhibiting energy intake 

and increasing feelings of satiety [54]. Short- and long-term food intake is regulated by a complex set of 

physiological mechanisms involving a wide range of molecules interacting through various biochemical 

circuits [54]. The concept of appetite includes at least two separate components: satiation and satiety. 

Satiation refers to processes that promote meal termination and thus limit meal size. Satiation could cause 

a variety of postprandial sensations, such as pleasure, distress, fullness, nausea, or bloating. Satiety refers 
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to postprandial events that affect the interval to the next meal and thus regulate meal frequency [55]. In 

other words, satiety is a state of suppressing appetite, while satiation moves into a deeper state of satiety. 

Appetite regulation is largely controlled by an interaction of peripheral signals (hormones, nutrients, 

neuronal signals) with the central nervous system (CNS), in which the hypothalamus plays a pivotal role 

[56]. Appetite sensations may also be altered by psychological, social and environmental factors [57,58]. 

Peripheral appetite regulation mechanisms include the stomach's motor functions, such as rate of 

emptying and accommodation, which transmit satiation signals to the brain. More specifically, the 

hypothalamus expresses several important receptors that control appetite, including cannabinoid (CB)3 

and neuropeptide Y (NPY) receptors. Many peripherally released long-term and short-term peptides and 

hormones, including cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1), oxyntomodulin (OXM), 

peptide YY (PYY), apolipoprotein A-IV (Apo-A IV), ghrelin, insulin (a pancreatic hormone) and leptin 

offer feedback from the arrival of nutrients in various parts GI tract, where they are released to exert 

satiating effects or regulate metabolism via incretin actions [59]. Ultimately, these peripheral factors 

provide input to the highly organized hypothalamic circuitry and vagal complex of nuclei to determine 

the cessation of energy intake during meal ingestion and the return of appetite and hunger after fasting 

[55,56,60]. The two prominent families of gastrointestinal hormones are appetite stimulators and satiety 

stimulators. The formal one includes ghrelin, a 28 amino acid peptide that promotes meal initiation by 

increasing appetite and hunger feelings. Satiety stimulators, such as the gut hormones glucagon-like 

peptide-1 (GLP-1), PYY3-36 cleaved from PYY1-36, cholecystokinin (CCK) and leptin that signal the 

brain to decrease hunger and promote meal cessation. In addition, to these GI hormones, insulin, a 

pancreatic hormone, as well as insulin-regulated glucose, play a significant role in human metabolism 

and eating behaviour [54,58] 

Appetite is also affected by various factors other than physiologic demands. Food provides strong visual, 

smell, and sensory signals that can override satiety and stimulate feeding [61]. Food taste affects satiation 

and satiety through a regulatory mechanism, including the mouth cavity, gut, and brain. Taste, as a 

significant component of flavor, influences the food choices of customers [57]. People prefer to eat sweet 

and salty foods while consuming fewer bitter or sour ones. The taste and smell of food can have a 

significant impact on eating behaviors. Sensory-specific satiety directly impacts the sensory 
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characteristics of foods and can help people stop and gradually reduce further eating after having a 

specific meal [57]. 

2.4 Seaweeds Classification  

Seaweeds are also called macroalgae that are visible to the naked eye and include a vast and diverse 

group of relatively complex, multicellular algal species, with sizes ranging from a few centimeters to 

specimens that can reach 100 m in length [62]. Approximately 10,500 species of this group have been 

described [63]. The word 'algae' is used to classify a large group of heterogenous organisms that do not 

have a specific taxonomic status [64]. Over 30,000 species of algae have been discovered and classified 

in a variety of colors, shapes, and sizes [65]. Despite seaweeds, like plants, take on many distinct shapes 

and structures, they have four basic parts consisting of a holdfast, stipe, blade and float. The structure as 

a whole is called the thallus [66]. Although seaweeds are also autotrophic and photosynthetic beings, 

they are different from terrestrial plants. Unlike land plants that nourish themselves by the root system, 

seaweeds adsorb nutrients throughout their whole surface by passive diffusion and active transport; they 

also do not present conductive tissues. They also lack roots, though some present rhizoids or basal discs 

that allow them to adhere to rocks as a method of restraint but not to nourish themselves [65]. 

Seaweeds can be classified into three broad groups based on pigmentation, carbohydrate storage 

chemicals, and cell wall structure: brown macroalgae (Phaeophyta), red macroalgae (Rhodophyta), and 

green macroalgae (Chlorophyta) [64]. Brown seaweeds, such as Saccharina japonica (Japanese kombu), 

Undaria pinnatifid (Japanese wakame) and Sargassum fusiforme (Japanese hiziki), are usually large and 

range from the giant kelp that is often 20 m long to smaller species that are 30–60 cm long. Red seaweeds, 

such as Porphyra spp., Kappaphycus alvarezii and Gracilaria spp., are usually smaller, generally 

ranging from a few centimeters to about a meter in length. However, red seaweeds are not always red. 

Some of them are purple or brownish-red. Green seaweeds (Enteromorpha clathrate, Monostroma 

nitidum Caulerpa spp.) are also small, with a similar size range to the red seaweeds [1,7]. 

2.5 Seaweed Aquaculture  

Seaweeds have represented the largest group of marine and coastal aquaculture organisms since 2004 

and were the first group of organisms to pass the 50 percent farmed/wild harvest in 1971. Since then, 

farmed freshwater fish production reached this milestone in 1986, farmed mollusc production in 1994, 
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farmed diadromous fish production in 1997 and farmed crustacean production in 2010 [67]. Recently, 

the FAO released The State of World Fisheries and Aquaculture, which provides an abundance of 

information on both fisheries and aquaculture globally. According to this report, seaweeds represent 51.3% 

of the total production of marine and coastal aquaculture, followed by molluscs (27.4%), finfish (11.6%), 

and crustaceans (9.1%) and other aquatic animals (0.6%) in 2018 [68]. Compared with 2000 (10.6 million 

tonnes), the world seaweed production in 2018 has more than tripled, up to32.4 million tonnes in 2018 

[68]. In 2018, farmed seaweeds and wild-collected seaweed represented 97.1% and 2.9% of total seaweed 

production, which amounted to 31.5 million tonnes and 0.9 million tonnes, respectively [68]. The rapid 

growth rates in seaweed mariculture occurred within the periods of 2000 to 2005 (increased by 40%), 

2005 to 2010 (increased by 36%) and 2010 to 2015 (increased by 53.4%) [68]. From 2000 to 2015, the 

world's seaweed production nearly tripled from 10.6 million tonnes in 2000 to 31.1 million tonnes in 

2015. The slowdown in growth rates in recent years seems to be caused mainly by the slowing growth 

in the farming of tropical species in southeast Asia, while the farming of temperate and cold-water species 

is still rising [18,68].  

World seaweeds mariculture has taken place dominantly within the east and southeast Asian countries 

(China 51.7%, Indonesia 28.8%, Republic of Korea 5.3%, Philippines 4.6%, Democratic People's 

Republic of Korea 1.7%, Japan 1.2%, Malaysia 0.5%) with a share of 99.5% world total production in 

2018. Zanzibar (United Republic of Tanzania) and Chile produced minimal amounts (0.3 and 0.1%, 

respectively) of the world's seaweed aquaculture production, while other producers of the world only 

shared 0.1% of seaweed production [68]. The global seaweed industry is relatively underdeveloped, 

fragmented and regionalized outside of Asia. However, there has been significant progress on seaweed 

farming in North America, Europe and South America, mainly through the development of integrated 

multi-trophic aquaculture (IMTA), which promotes ecosystem services [69].  

Eight genera of seaweeds: Saccharina japonica (known as kombu or Laminaria japonica; 35.3%), the 

carrageenophytes Eucheuma (29.0%), the agarophytes Gracilaria (10.7%), Porphyra and Pyropia 

(known as nori; 8.9%), Undaria pinnatifida (known as wakame; 7.2%), the carrageenophytes 

Kappaphycus (4.9%) and Sargassum (0.8%), were the major organisms produced in the global 

mariculture and provided 96.8% (31.3 million tonnes) of the world seaweed aquaculture production in 
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2018. Of those, two genera of seaweeds, the brown seaweed Saccharina and the red seaweed Eucheuma, 

were the two most-produced organisms in mariculture in the world. Some seaweed species, such as 

Undaria pinnatifida and Porphyra (produced in East and Southeast Asia), are directly used as human 

food [68]. 

2.6 Seaweed Resources in Canada  

Canada is the second-largest country in the world, with the longest coastlines of any country, measuring 

243,042 km on three oceans (Pacific, Arctic and Atlantic) [70]. Canadian coastal waters support valuable 

biological resources, including seaweeds. Many species of seaweeds occur along Canadian coasts: about 

175 are reported in the Arctic, 350 in the Atlantic, and nearly 500 in the Pacific. Canada ranked first as 

the world's red seaweed Chondrus crispus producer approximately from 1950 to 1970 [6]. Domestically, 

seaweed aquaculture is relatively small but is a growing sector in Canada. There were approximately 600 

seaweed species found in British Columbia (BC). The cold, clean water and a steady supply of nutrients 

of the Pacific Northwest coast support the world's greatest diversity of kelp species. There are 20 kinds 

of kelp alone; of these, the giant kelp (Macrocystis integrifolia) and bull kelp (Nereocystis luetkeana) are 

the dominant kelp species in BC [71]. These two species are also known as "floating", or "canopy" kelps 

due to much of their stipe and blades floating at the water surface that form a dense canopy [72]. 

Historically, kelps have been harvested mainly for their alginates used in various industrial activities, 

such as food processing, fertilizer and construction. Kelp harvest in BC has been attempted since the 

mid-20th century. However, several industrial larger-scale harvest attempts have failed, and all 

harvesting now is small-scale [72]. Kelp production in BC increased 43% between 2014 and 2016. The 

production in 2016 was almost double the production from the early 2000s [72]. Although most red 

seaweeds are less abundant than brown seaweeds, they still support traditional harvests in BC, especially 

in northern BC among first nation communities. On the Pacific Coast of Canada, indigenous people have 

been harvesting and using Porphyra species (red seaweed, nori) for a long time. The main species eaten 

is Porphyra abbottae [73].  

On the Atlantic Coast of Canada, the biodiversity richness of seaweeds is exceptional, given that 

seaweeds in this region have to survive drastic temperature changes. Nevertheless, a few species have 

led to the development of three notable fisheries: Irish moss (Chondrus crispus), rockweed (Ascophyllum 
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nodosum) and dulse (Palmaria palmata) harvesting [6]. The red seaweed Chondrus crispus is widely 

distributed in the northern Atlantic. Large beds of Chondrus crispus were identified in the Maritimes as 

early as 1830. However, harvesting in Prince Edward Island (PEI) and Nova Scotia (NS) remained 

minimal until World War II [6]. The harvest of Chondrus crispus was primarily for producing gels and 

Acadian desserts back then. However, since the early 1990s, Chondrus crispus harvesting has become 

more and more a complementary fishery. Ascophyllum nodosum, representing the highest biomass 

landings since 1987, is the dominant species of the Maritimes. Harvesting for commercial purposes in 

southwestern NS began in 1959. Harvesting and consumption of dulse in coastal communities along the 

Bay of Fundy have a long tradition; most dulse originates from Grand Manan Island [6]. Moreover, in 

NS, Brier Island has the highest species richness of a limited area of eastern Canada, with 152 species 

and varieties of seaweeds in 2017. These species included 62 Rhodophyta, 44 Chlorophyta and 44 

Phaeophyceae. Of these species, over 35 were new to Digby Neck, 12 were new for the Bay of Fundy, 

one was new for NS, and three were new records for Canada [74].  

2.7 Seaweed Cultivation and Harvest  

There are two basic types of seaweed farms: small-scale cultivation and large-scale cultivation. Small-

scale seaweed farms produce red algae in small patches of intertidal sand flats, primarily in the tropics. 

Larger-scale farms, mainly in the temperate zones, where rope lines seeded with (usually) brown algae 

spores in a hatchery are applied [75]. Asia has a long history of large-scale cultivation of seaweeds 

globally, while it is a recent commercial activity in North America and other parts of the world. Although 

there are also pilot-scale and pre-commercial farming projects for selected brown and red seaweed in 

Europe, Latin America and North America, the primary production of the seaweeds outside Asia is still 

natural stock harvesting [76]. Seaweed aquaculture is relatively small but is a growing sector in Canada. 

In Nova Scotia, the largest land-based seaweed cultivation operation in the world has been developed 

resulting in a high productivity [77]. However, traditional methods of harvesting wild seaweed are, by 

its nature, unreliable. The work is labour-intensive and costly. With the increasing global efforts to 

develop seaweed farms, the countries' production and commercialization strategies differ. For instance, 

there is a higher demand for seaweeds as direct food products in Asia, whereas, in Western countries, 
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seaweeds' application is in the polysaccharide industry [78]. Experts observed that the increasing demand 

for seaweeds as food products could only be adequately met by cultivation [79].  

Generally, seawater without contamination is the primary environmental requirement for seaweed 

cultivation. Other environmental conditions such as temperature, solar radiation, salinity, pH and nutrient 

availability also influence seaweed growth. In other words, areas with adequate light and nutrients, 

salinity and temperatures suitable for seaweed growth are required for seaweed cultivation [76]. However, 

different species do require different environmental conditions. Moreover, seaweed cultivation also 

depends on the productivity and adaptability of a species in the aquatic ecosystem [80]. Seaweed 

cultivation can be performed offshore, onshore and even in aquaculture integrated systems. All 

cultivation methods may be divided into two main groups: extensive and intensive. Extensively 

cultivated seaweeds are grown in natural water areas using only naturally available light, heat, water 

motion energy, and nutrients. Extensive cultivation is usually used for gathering large crops of seaweeds 

with definite properties, such as a high content of polysaccharides (for the production of alginates, agar, 

carrageenan) or good taste (softness, taste, and smell). Sometimes seaweeds are cultivated extensively 

for the production of medicines or dietary supplements [80]. On the other hand, intensive cultivation 

includes the cultivation of one or several seaweed species in tanks using natural or artificial light, 

nutrients and phytohormones; in small natural water such as ponds, lakes, and lagoons, using organic 

and inorganic fertilizers and applying agronomic techniques such as weeding, reducing epiphyte growth, 

regulating light, and water motion [80].  

To date, commercial seaweed cultivation has primarily occurred in areas with adequate sunlight, 

moderate temperatures, ready water sources, and low-cost nutrients. Open ponds raceway (OPR) systems 

are the most prevalent commercial-scale seaweed cultivation methods. These are considered the most 

cost-effective and relatively low-technique, which offer good potential for a viable and economically 

sustainable operation [81]. However, the OPR system has significant drawbacks and vulnerabilities from 

a geographic and climatic perspective and is not ideal for a Canadian context. Since cultivation can only 

operate for four to six months annually, this is not economically viable. In order to overcome the climatic 

challenge, several alternatives (controlled environmental algae growth technologies) have been 

developed, including photo-bio-reactor (PBR) systems [81]. These systems allow seaweed cultivation 
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under phototrophic/autotrophic conditions, flat plate and membrane systems, plastic/glass tube systems, 

and fermenters that take advantage of algae's unique capability to grow in heterotrophic conditions in the 

absence of light and rely on carbon sources for the energy used in growth [81]. Other seaweed cultivation 

systems use mixotrophic (both autotrophic and heterotrophic) conditions to achieve growth objectives 

[81].      

Wild harvesting represents only 2.9% of total world production; however, it supports local consumption 

and a sizable phycocolloid industry in several parts of the world [68]. Traditionally, two modalities are 

followed: harvesting seaweeds directly from their natural growing sites and gathering them from beach 

cast, especially following storms [82]. Harvesting from the natural environment is usually either total, 

by removing the complete plants, or partial, by cutting the fronds at a certain height from their attachment 

point, leaving behind the rest of the plant for regrowth [83]. Techniques used in wild harvesting range 

from manually harvesting (hand pulling, using rakes or other tools that remove the seaweed from rocks 

or the bottom where they grow) to mechanical harvesters. Harvesting cultivated seaweeds and bringing 

them to land is a key and relatively costly aspect of sea farming compared to wild harvesting. Based on 

the scale of the operation, harvesting methods are different. For instance, on a large seaweed farm, 

harvesting operations use various mechanical harvesters, including winches and cranes in which cranes 

may be used to unload the harvested material. Depending on the crop being farmed or the cultivation 

technique, harvesting may be total or partial [83].  

2.8 Environment Impact and Ecosystem Services 

The world is facing serval environmental challenges, namely, deforestation, air pollution, global 

warming, water pollution, natural resource depletion, etc. [84]. Literature has contributed to how seaweed 

farming has benefited the improvement of the environment and ecosystem. Studies have shown that the 

seaweeds industry has played many functions along with the coastal countries, helping to gain sustainable 

development of the local economy and society. 

2.8.1 Improving the world climate  

Studies have pointed to the great benefit of the world seaweed industry in improving the climate, which 

has been assumed as an effective alternative for solving the worsened problem of climate change. For 

instance, the seaweed aquaculture industry and technologies have contributed significantly to the world 
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climate. Algal materials could effectively be used to produce renewable products such as paper, fertilizer 

and biofuel, saving many other natural resources such as forests and fossil fuels. This implies that the 

world industries would significantly cut pollution and environmental deterioration using seaweeds as an 

effective alternative [85]. The World Bank Group has also done fruitful research on the use of seaweed 

materials in contributing to climate change improvement. According to a study by the World Bank, an 

annual harvest of 500 million dry tons of seaweeds with 50% carbohydrate content could produce about 

1.25 billion megawatt-hours, which implies the saving of millions of tons of fossil fuels for replacement. 

This is an excellent contribution to protecting the worsened world climate in this age of fast growth of 

the world industries [86]. 

2.8.2 Contribution to ecosystem services and eco-diversity  

Seaweed aquaculture has been viewed as an alternative or complement to terrestrial biomass production, 

as seaweed farming does not require fresh water and arable land, and in most cases, fertilization is not 

needed [87]. Besides the potential contribution to economic activity, seaweed cultivation also provides 

ecosystem services, such as oxygenation, carbon sequestration, uptake of nutrients, and habitat protection 

for humans and marine organisms, which improve conditions of the coastal waters for the benefit of other 

living organisms and the environment [88,89]. The application of IMTA creates a more balanced 

ecosystem by combining the fed aquaculture (e.g., fish or shrimp) with the extractive aquaculture 

(seaweed and shellfish) by recycling waste and absorbing excess nutrients created by the farmed fish 

species. Specifically, seaweeds absorb nitrogen, phosphorus and carbon dioxide, which are used to grow 

and produce energy storage products. When seaweeds are harvested, these nutrients are also removed 

from the water [85,90]. Several studies show that large-scale seaweed cultivation can help purify the 

water from potentially harmful nutrient evaluation by rapid and effective nutrient absorption in the water 

[91–93]. Hence, seaweed can be used as an extractive component to remove inorganic nutrients and 

mitigate potentially adverse environmental impacts.  

During the past decades, with the fast development and expansion of the world industries, there has been 

significant damage to the world ecosystem, causing the extinction of a wide range of species worldwide. 

Scientists have conducted many types of research to study both the direct and indirect reasons for the 

cause of ecological deterioration, and most of them have concluded that industrial development is one of 
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the significant reasons. However, the development of the seaweeds industry has provided a possible 

solution to this problem by improving the ecosystem. For instance, an experiment conducted on the sea 

areas off southern Norway has found that the seaweed industry could contribute to various effects that 

are important in protecting the natural ecosystem, including the enhanced benthic oxygen flux benefiting 

the marine lives locally [94]. Similar research done by another research team has found the benefits of 

seaweed materials as food materials for a wide range of sea species contributing to the diversity of sea-

based lives [95]. 

2.9 Current Regulations and Policy in Canada 

In Canada, it is by and large the provincial governments that regulate the cultivation and harvesting of 

seaweeds, though the federal government sometimes issues non-targeted but relevant polices, such as 

environmental and ecological policies. Initially, seaweed harvesting was an open industry around the 

1950s and 1960s without a limit on the number of harvesters. However, with the emerging risk of 

disturbing and destroying the aquatic ecological balance of the Canadian sea area, a series of policies 

have been made by provincial governments [96]. For instance, BC adopted a license granting policy in 

the local fish and seafood licensing regulation, requiring individuals and organizations to grow and 

harvest seaweed plants with government-granted licenses [97]. Similarly, in NB and NS, similar policies 

have been made to guard against the over-exploitation of seaweed and other aquatic resources to preserve 

ecological balance [6]. 

The license granting system in Canada has been firmly based on scientific and industrial research results, 

which have pointed to the risk of over-exploitation of sea plants in the Canadian sea areas. For instance, 

In NS and NB, studies on the value of Rockweed (Ascophyllum nodosum) as the Habitat for tide-pool 

fishes resulted in issuing policies that prescribed the maximum exploitation rate and protected areas [96]. 

At the federal level, precautionary policies were made to limit seaweed overexploitation after 

investigating the potential risks of over-exploitation of seaweeds and other aquatic plants in Canada. 

With the adoption of the limitation policy, positive changes have occurred in Eastern Canadian coastlines 

with the increased rockweed beds for the habitation and prosperity of tide-pool fishes and other species 

of aquatic life [98].  
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Overall, the provincial and federal policies have played a crucial role in regulating the sustainable 

development of the Canadian society and aquatic regions with the limitation of seaweed cultivation and 

harvesting nationwide. The policies have been adopted to protect the ecological balance as well as the 

benefits of the seaweed consumers. For the time being, a wide range of measures have been taken by the 

provincial and federal governments to guard against overexploitation of seaweeds [99]. Apart from the 

license granting system, the policy of lease areas has also been adopted, both of which are very effective 

for controlling the cultivation and exploitation of aquatic resources in Canadian sea regions.  

2.10 Market Analysis  

2.10.1 Current seaweed market in Canada 

Traditionally Canada is not the main seaweed production area because of the eating habits of the local 

population. According to the latest report by Mordor Intelligence about the commercial market size of 

the world, Canada belongs to the lower-sized markets of the world to produce seaweed foods [100]. 

Compared with Asia, Oceania and Europe, North America has a lower capacity of seaweed production 

[1]. However, as one of the world's nations with the longest coastal line, Canada has been focusing on 

the increased development of the seaweed industry. Various Canada-based seaweed companies have 

been established and developed steadily, which helps maintain a comparatively big seaweed market both 

domestically and overseas [101]. Currently, the seaweed market of Canada is mainly located and 

distributed on the Eastern coast of Canada [6,102]. However, the federal and local governments 

deliberately limited the market size of seaweed agriculture in fear of disturbing the natural balance of 

marine life. In this way, it usually takes a very long time to secure a license for seaweed products from 

the federal and provincial governments in Canada, which has served as the main obstacle to the expansion 

of seaweed market development domestically [102]. 

2.10.2 Commercial seaweed products in Canada  

With the world's longest coastlines Canada is highly rich in seaweed raw materials. For instance, in 

Eastern Canada, there is abundant Irish moss, which has broad market potential in producing seaweed 

food [1]. However, the lower capacity of seaweed production has substantially limited seaweed products 

in the world market. The seaweed products produced in Canada are mainly for the overseas markets 

(especially the market of Eastern Asian nations) [103].  A company based in BC produces a dried brown 
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algae product known as BC Kelp which has been very popular among Western Asian consumers. The 

product series (Figure 2.1) are considered highly nutritious and sustainable edibles with premium quality. 

It is very rich in vitamins and minerals, which are of great benefit to people's health. In Atlantic Canada, 

rockweed (Ascophyllum), Irish moss (Chondrus) and dulse (Palmaria) are the most well-known 

commercial seaweed crops [104]. In retail stores (e.g., Atlantic Superstore) in Halifax, seaweed sheets 

(nori, for sushi) and dry dulse (Figure 2.2) are the common seaweed products. The sales of the Acadian 

Seaplants’s Hana Tsunomata® seaweed products (Figure 2.3) are booming all over Canada and the U.S. 

through traditional and online distribution channels [101].  

 

Figure 2.1: Canadian Kelp Series of Dried Seaweed (products of BC Kelp). Source from: http://canadiankelp.com/shop/  

 

 

 

 

Figure 2.2: Seaweed Products at Retail Store. Left: seaweed sheets for sushi, right: dry dulse. Picture of seaweed sheet: 

https://www.atlanticsuperstore.ca/seaweed-sheets/p/20750367_EA 

http://canadiankelp.com/shop/
https://www.atlanticsuperstore.ca/seaweed-sheets/p/20750367_EA
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Figure 2.3: Food Items with Hana Tsunomata®. Acadian Seaplants Photography courtesy of Acadian Seaplants Limited. 

Source from: https://www.acadianseaplants.com/hana-tsunomata/ 

2.10.3 Seaweed marketing in Canada  

In Canada, the federal and provincial governments have deliberately controlled and limited seaweed 

marketing. The limitation has been based on the total consideration of the balanced aquaculture 

development and the abundance of the wild sea life resources along the Canadian coastline [105]. The 

over-development of seaweed production would disturb the balance of the aqua ecology, posing an 

additional danger to the marine environment. However, despite the limitation, the lure of a big world 

seaweed market has promoted the local seaweed companies in the private sector. Acadian Seaplants 

Limited is a top-rated seaweed company in Nova Scotia. The company has been recognized globally for 

processing seaweed-based food products with highly advanced biochemical and agricultural technologies 

[103]. The company is primarily known for the large sum of resources spent researching seaweed 

formulas to produce tasty and nutritious seaweed-based foods. Acadian Seaplants Limited has also been 

known for the development of expertise in a wide range of seaweed processing technologies that have 

the potential to produce seaweed foods with bioactive components. Another well-known company is 

B.C.'s Cascadia Seaweed, which was established in 2019 and is now the largest seaweed provider in the 

North American regions [106]. Overall, these companies belong to the private sector of the Canadian 

economy, proving to be flexible in adjusting their product according to the ever-changing trends of 

seaweed food products across the world market.  

2.10.4 Potential impact of commercial seaweed on Canadian economy growth  

Though aquaculture and seaweed production are not fully developed because of the limitations of 

governmental policies and people's dietary habits, Canada has witnessed increasing seaweed industry 

development and a bigger seaweed market domestically. This has dramatically impacted Canadian 
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economic growth in recent decades [105]. For instance, in some areas in Canada, algae farming has 

become more active in coastal provinces, making the industry more and more influential on the local 

levels. Currently, seaweed cultivation is a potential new industry in Canada, especially since the 2010's 

with the full integration of the Canadian economy into the world market. Currently, seaweed harvesting 

is a big industry along the coastal provinces, totalling roughly 800 to 1,000 MT every year, contributing 

enormously to the domestic economy of Canada [107]. 

2.11 Seaweeds Consumed as Human Food and Its Contribution to Food Security  

Seaweeds have not been popular because of its salty taste, fishy smell and slimy texture. As shown in the 

section above, seaweeds have been used in various ways in industry. However, the most common 

seaweed usage comes from human consumption.  

Seaweeds used as human food dates back to 12,000 BCE in southern Chile, where seaweed remnants 

were discovered in hearths and other features in Monte Verde. This discovery proves that the early 

settlement of South America originated along the Pacific coast and included seaweeds as a part of their 

diet and health [108]. The use of seaweed as food, especially in Asia, can be traced back 2,500 years ago. 

The first written description of seaweed dates back to 600 BCE in China. The Chinese philosopher, Sze 

Teu, wrote that seaweed was for "most honorable guest, even the king himself" [1,109,110]. Food 

remains containing a mixture of brown seaweeds, shellfish, and fish have been found on Japanese 

prehistoric archeological sites [111]. Up-to-date, about 21 species of seaweeds are used in everyday 

cooking in contemporary Japan, six of them since the 8th century [109]. Among central and southern 

Pacific Ocean areas, many types of seaweed have been an essential part of the diet in Hawaiian and other 

Polynesian islands for thousands of years. European historical sources document that seaweeds have 

been used as a food ingredient in Norway, Iceland, Scotland, Ireland, Brittany (France), and Wales for 

centuries [112]. Seaweed was regarded as a seasonal food item or was marketed locally seasonally [112]. 

For example, dulse (Palmaria palmata) has been used as human food in Norway; traditional preparations 

of laver (Porphyra spp.) in Wales include boiling it and serving it with cockles and bacon or frying it 

with oats to make laverbread; in fifth-century Ireland, dulse was used as a condiment with bread, butter, 

and milk [112–114]. Ireland still maintains a rich tradition of using algae in soups, stews, bread, and 

salads [112]. In some North American regions, such as British Columbia, Nova Scotia, and California, 
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seaweeds have been used as a food source due to the migratory movements in the mid-nineteenth century 

that established significant Asian (Chinese, Japanese, and Korean) and European (Irish and Scottish) 

communities [115]. Among indigenous communities across North America, seaweed have been 

traditionally consumed for millennia. For instance, the Inuit of Greenland consumed cooked 

bladderwrack (Fucus spiralis), knotted wrack (Ascophyllum nodosum), winged kelp (Alaria esculenta), 

and dulse (Palmaria palmata) as a staple food during the winter. In times of famine, along the northwest 

coast of North America, the Kwakwake'wakw, Haida, Heiltsuk, and Tsimshian, etc., relied on red laver 

(Porphyra/Pyropia) to provide essential vitamins and minerals. Other than red laver, fresh fronds of the 

brown seaweed bull kelp (Nereocystis luetkeana) were cooked and used in stews and soups as the 

traditional dishes by indigenous people along the northwest coast of North America. Northeast 

indigenous people of the Iroquois, Wampanoag, and Arcadian communities consumed and preserved 

food with sea lettuce and red laver, from which they obtained necessary salts and trace minerals for 

survival [73,116].  

Today, China, Japan, and the Republic of Korea are the largest seaweed consumers in forms of raw, dried, 

or cooked, such as salads, soups, and main dishes, including sushi, as well as in processed forms such as 

flavorings in chips and snacks [1]. Especially in Japan, the daily amount of seaweed consumption is 

estimated at 4–8 g per capita (dry weight), which is served in approximately 21% of meals [111,117]. 

The main seaweed species that have been used as a food source in these countries are kombu 

(Saccharina), nori (Porphyra spp.) and wakame (Undaria) [118]. Another example of seaweed that 

consumers highly appreciate in Asia (Indo-Pacific region) is Caulerpa, with the 

species C. lentillifera and C. racemosa var. turbinata, commonly known as "green caviar" [119]. The 

purple laver, also known as nori, is primarily used in sushi. Other than making sushi, toasted "nori" can 

be cut into small pieces and sprinkled over boiled rice or noodles or added to soups, bread, and salad. In 

China, it is mainly used in soups and for seasoning fried foods. In the Republic of Korea, a popular snack 

with beer known as "Hoshi-nori" is quickly fried in a pan with a bit of oil [110,112].  

In Europe and North America, dulse (Rhodymenia palmata) is the most common of edible seaweeds, 

which is harvested in Ireland, on the eastern coast of Canada, and Maine [110,120]. Dried dulse is 

frequently offered as a salty cocktail snack at bars in Nova Scotia and Maine. In Ireland, it is consumed 
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either uncooked, chewed like tobacco, or cooked with potatoes in soups and seafood meals. Dulse can 

be added to bread, fish meals, fish and vegetable soups, toasted and eaten as a snack, or it can be fried 

crisp to replace fried bacon in modern cuisine [110,112]. Several small-scale businesses in Ireland 

currently harvest, process, and package edible seaweeds for sale as health foods. France was the first 

European country where seaweeds were approved for human consumption, which opened new 

opportunities for the food industry. Fresh seaweeds from Brittany are consumed in France. Seaweeds are 

sold in various ways, including raw goods, condiments, and spreads [113]. 

With the increasing world population, the world today is confronted with the massive pressure of food 

shortage. One in seven people worldwide cannot access sufficient diet and nutrition properly. In this way, 

the world's food production capacity does not match the rising demand by the world's population, which 

has led to a large-scale food crisis. Thus, the whole world urgently needs to find complementary nutrition 

resources to meet the increasing food demands, and seaweeds are an essential alternative of food 

materials available in many coastal areas [121]. As mentioned above, the increased world population has 

led to the worsened problem of food shortage. The crisis is also caused by world climate change and 

economic slowdown by economic recession, and unexpected disasters. For instance, the current Covid-

19 pandemic is an important cause of food recession with the decreased food production capacity 

worldwide. In addition, with the worsened world economy, many people in the underdeveloped regions 

have been affected by the lower capacity to purchase food products, which has led to large-scale famine 

in many places. For instance, more than 200 million people in the Sub-Saharan areas are undernourished. 

This is a severe situation confronted by the world [122,123].  

With the increasing food shortage problem, the world urgently needs to find alternative food materials 

as complementary supplies to increase nutrition. Seaweeds as nutritious food materials have been widely 

accepted in some coastal regions such as East Asia [121]. However, seaweeds are under-exploited in 

many other regions such as Europe and North and South Americas. This implies a significant potential 

for further exploitation since many seaweed species are edible and nutritiously abundant. In some Asian 

countries such as China and Japan, seaweeds are important ingredients of the local cuisine. It is expected 

that seaweeds can be used as important alternative materials for food production and improve the state 

of nutrition of the world's population [95]. In addition, the production and consumption of seaweeds are 
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expected to promote the development of marine culture as an important economic sector, which could 

be crucial to altering the economic recession impacted by the current Covid-19 pandemic. 

To summarize, seaweeds as nutritious materials are important food alternatives for the world's population. 

This has a latent significance in tackling the problem of food security and food crisis worldwide. 

Especially in the vast coastal regions in Europe and North America where seaweeds are not fully 

cultivated, it is expected that seaweed plantation and production will become a potentially crucial 

industrial sector that would contribute to the local economic development. In addition, the people in these 

regions would improve their nutrition by including seaweeds in their diets. 

2.12 Acceptance of Seaweed in Western Countries  

Compared to other Asian countries, seaweed consumption is limited to specific coastal populations in 

the western world (e.g. some coastal Atlantic communities such as Ireland, Brittany, Maine and Nova 

Scotia) and is not a traditional food in the Western diet [124,125]. However, seaweed is becoming more 

popular in western societies due to the cosmopolitan development of the human palate, the public's 

understanding of nutritional science, and their desire for healthy alternatives. It is moving away from the 

traditional discourteous attitudes and becoming recognized as an edible, tasty, and healthy addition to 

people's diets and may have the potential for becoming more central elements in Western human diets 

than currently realized. East Asian diet worldwide has gradually increased public interest and acceptance 

of seaweed as a food source, partly due to their suggested health benefits. Consequently, consumption of 

seaweed and seaweed-based products is rising, similar to the trend observed with fresh fruits and 

vegetables [118].  

2.12.1 Factors influencing consumer acceptability of food 

Factors influencing people's desire to consume a type of food are usually highly complicated. On the one 

hand, habitual factors are closely related to people's conventions and taboos, and on the other hand, 

sensory factors and familiarity with food are essential in influencing people's appetite and attitude toward 

food [126]. Tradition plays a significant role. Most Westerners think seaweed is a highly daunting food 

material that causes intrinsic neophobia [125]. The lack of knowledge about cooking with and 

incorporating seaweed into the diet, as well as a lack of access to many seaweed-containing food items, 

may contribute to the limited seaweeds consumption [127]. Overall, people have a variety of intrinsic 
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factors, such as innovativeness, belief and knowledge of foods, that influence their emotions toward 

foods. People are most reluctant to accept a new type of food just because they are unfamiliar with it. 

Moreover, as long as people understand more about the food, their attitude toward it may change for 

better acceptance [128]. 

While research has provided evidence for the abundant nutrition contained in seaweed foods, there has 

been a sense of neophobia toward seaweed food in Western society. Food neophobia refers to the intrinsic 

fear or horror of eating new and unfamiliar food. A study conducted among Spanish consumers revealed 

that the reluctance of the Spanish to try seaweed foods is due to its high degree of novelty that has 

strongly impacted people's consuming behaviors toward seaweed foods [129]. 

With the continued pressure of population growth, there has been a tendency to study the broader scope 

of food materials globally. Some protein alternatives, such as insects, cultured meat, pulses and algae, 

contain rich nutrients; however, consumers showed a negative attitude towards those novel food 

ingredients. Sometimes the concern comes from the worry that these alternative food substances may 

contain harmful substances to people's health [130]. For instance, the public's concern about seaweed as 

a nutrition alternative comes from the sodium content, which might cause high blood pressure and heart 

diseases [131]. The educational interventions on the benefits of consuming seaweeds have resulted in 

gradually changed prejudice and attitude toward seaweeds in consumers [131,132]. Research has 

concluded the rising popularity of seaweed by Nordic consumers in North Europe [131]. In France, many 

consumers are also becoming habitual in eating foods containing seaweed materials. Because of less fat 

content, the acceptability of seaweed has also been increasing among specific social groups such as 

vegetarians and bodybuilders [133]. Dried seaweed showed the greatest purchase-intent scores among 

other seaweed-containing food items and consumers believed seaweed could be added to fish, savoury, 

and cereal grains-based foods [134].  

To summarize, in Western society, though there has been remarkable progress in the studies of nutrition 

and benefits of seaweed foods for people, there are still substantial social and psychological barriers that 

stop people from trying seaweeds as food. There is still a long way to go to have a fundamental change. 

For the time being, a better solution to change people's attitude toward seaweeds in Western nations is to 

popularize the benefits with the scientific and medical elucidation of the nutritional substance contained. 
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On the other hand, improving the sensory and taste of seaweed foods to increase the acceptability of 

seaweeds by Western society, in general, is also important. 

2.13 Incorporating Seaweed into the Canadian Diet 

It might be challenging to determine what exactly counts as "Canadian food" as Canada is a multi-ethnic, 

restaurant-heavy country. Most Canadians generally have a predominantly "western" diet with a major 

emphasis on processed grains and dairy products, farm-grown cattle and chicken, limited cooked or fresh 

fruits and vegetables, and high salt and sugar levels [135,136]. According to the most updated Canada's 

food guide, Canadians are encouraged to consume various vegetables, fruits, whole grains, and protein-

rich foods with an emphasis on plant-based protein sources, drink plenty of water and limit highly 

processed foods [137]. On the other hand, seaweeds are high in biologically active components such as 

carbohydrates, proteins, minerals, oils, lipids, polyunsaturated fatty acids, and antioxidants (polyphenols, 

tocopherols, vitamin C, mycosporine-like amino acids) [118]. There has been a renewed interest in 

seaweeds in Norway, Iceland, and Ireland, although it is a traditional component of the diet [138], due to 

its image as health or "superfood," increased demand for snack foods, and the growing popularity of 

Asian cuisine, seaweed consumption is booming in these countries [1].  

Seaweeds are considered novel food ingredients by many Canadians; therefore, incorporating seaweed 

ingredients into Canadian's daily diet faces several challenges. Some challenges include a lack of 

awareness of seaweed's potential health benefits; concerns about the pollution of seaweed with industrial 

waste, heavy metals, etc.; sensory changes in the product containing seaweed ingredients, and changes 

in the physicochemical properties of food [139]. Seaweed can be used to provide taste, texture, and 

additional nutrients to bread, soups, salads, and even ice cream. Salsas, sauces, salads, pasta, snack 

bars/chips, seasonings, and flavoured products are some examples of value-added edible seaweed 

products [110]. The most practical and quickest technique to increase intake in the Western diet is to 

incorporate seaweed flakes or powder into the dough, for instance, bakery and pasta products, the most 

extensively consumed food products all over North America [139,140].  

Seaweed hydrocolloids are increasingly being sought in the baking industry for their capacity to improve 

dough handling capabilities and improve the quality of fresh bread by minimizing moisture loss and 

crumb dehydration during storage. Furthermore, alginate has an anti-staling effect during storage, 
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slowing crumb hardening and extending the shelf life of stored bread [141,142]. A study on the effect of 

brown seaweed powder (Fucus vesiculosus) addition on physical and textural properties of wheat bread 

indicated that a maximum of 4 % addition significantly modified wheat dough and bread properties 

without affecting the density or crumb quality [143]. However, researchers found that the addition of 

seaweed powder dramatically increased the bread crust's green colour, which could negatively impact 

consumer acceptance [143]. Another study also found that the addition (2–8%) of red seaweed powder 

Kappaphycus alvarezii increased the water absorption capacity of the dough, decreased stickiness but 

increased firmness of the bread [141]. Another study demonstrated seaweed's acceptance in a Western 

community and indicated that brown seaweed (Ascophyllum nodosum) and red seaweed (Chondrus 

crispus) were found to be most acceptable as components in bread at the levels of 4% and 2%, 

respectively [144]. 

Pasta is a source of carbohydrate that is gaining popularity due to its nutritious characteristics, 

particularly its low glycemic index (GI) [139]. Moreover, it is a staple food in many countries, and pasta 

products are well-accepted worldwide. However, pasta is low in protein and essential amino acids [145]; 

thus, recent research has attempted to enhance its nutritional characteristics by adding supplements from 

various high-protein sources. A study showed that adding 10% Wakame (Undaria pinnatifida) increased 

pasta's protein, fibre and fat content, and meanwhile had no negative impact on customer acceptance 

[146]. Another study indicated that adding Indian brown seaweed up to 2.5% to enrich the pasta may 

improve bio-functionality/quality and the utilitarian value of seaweeds as food products [145]. Seaweed 

could be used as a rich source of carotenoids, including astaxanthin and fucoxanthin, as well as dietary 

fibre, and can be incorporated into pasta products with little sensory impact. Wakame seaweed was 

shown to have considerable potential to enhance for fucoxanthin content in pasta [145]. 

Seaweed can also act as a source of salt to be added to dairy or meat products. Sensory investigation 

revealed that yoghurts containing brown seaweed extracts showed positive acceptability, and there was 

no effect on shelf-life properties, such as pH, microbiology, or whey separation [147]. Similarly, based 

on sensory analysis, water-prepared seaweed extracts were shown to be more acceptable as functional 

components in milk than ethanolic extracts [148]. Researchers from Norway indicated that dulse was 

easily combined with Nordic dishes and food items, such as ice cream or fresh cheese, and did not appear 
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dominant in the flavour spectrum [131,149]. High quantities of K and Mg, as well as favourable Na to K 

ratios, are found in seaweeds, which provide a good balance of minerals for human nutrition [118]. The 

salty flavor of seaweeds presents an appealing option for decreasing Na intake in the regular diet, thereby 

lowering the risk of developing high blood pressure [118]. For example, nori sauce has significant 

potential as a salt substitute due to its high total nitrogen, potassium content, and unique free amino acid 

composition [150]. Meat products containing seaweeds or seaweed extracts may act as potential 

functional foods for consumers due to the bioactive compounds from seaweeds. The addition of brown 

seaweed to sausage resulted in the production of calcium-rich, low-sodium, high-fibre sausage with an 

improved lipid profile [151]. 

In today's environment, being aware of healthy eating habits is critical. Seaweed products include whole 

seaweed meal, fresh or dried, processed seaweed extracts, bioactive compounds, homogenates, and 

fermented seaweeds. Algae can be used to provide excellent nutritional value and act as a source of salt, 

natural colors, and flavors. They can keep the food from deteriorating its qualities and extend its shelf 

life. Seaweeds can also substitute some of the traditional ingredients in food production. Seaweeds as the 

food ingredients have a significant potential to be supplemented into the Canadian diet. However, to 

successfully integrate seaweed as a food ingredient in Canada, multiple factors, such as innovation, 

cultivation, and niche markets, should be combined, resulting in a broader acceptance of seaweed 

products. In addition, to encourage individuals to include seaweed as part of their diet, more information 

about seaweeds and their availability should be made available. 

2.14 Nutritional Composition of Edible Seaweeds  

Seaweed records the maximum content of carbohydrates, proteins, vitamins, minerals, fat, fiber, ash, and 

moisture compared to vegetables, fruits, pulses and cereals. It has been shown that, on average, per 100g 

of red seaweed contains 4989 mg potassium [152] which is approximately 30 times more than bananas 

[153]. Red seaweed also comes with 200 times more iron than beetroot, twice the protein of meat, and 

twice the calcium of full-cream milk [153]. Although most seaweed species are edible, not all are safe or 

acceptable for human consumption. Seaweed species, time of year, harvesting and processing procedures, 

age, and light all affect the seaweed's chemical composition and amount of nutrients [91,154,155], 

especially for the protein content, which is low for many brown seaweeds (<15% of dry weight) and high 
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for some red seaweeds (up to 47% of dry weight) [156]. The protein composition of several species varies 

dramatically with the seasons. Brown seaweed dulse, for example, has a protein content of 8% dry weight 

at the end of summer and 25% dry weight at the beginning of spring [111,157]. In addition, it was shown 

that brown seaweed and red seaweed had the highest biomass in the summer, while green seaweed had 

the highest biomass in fall [158]. Although seaweed's chemical composition varies at different times 

throughout harvest season [159,160], in general, seaweeds come with high nutritional value, such as their 

content of proteins and amino acid profiles; lipids, including polyunsaturated fatty acids (PUFA); soluble 

carbohydrates; ash; minerals (iodine, iron, zinc); vitamins (B12, A, K); pigments; as well as polyphenols 

and their antioxidant properties [118]. Depending on the species, water makes up approximately 68%-

94% of the weight of fresh seaweed [161]. Seaweed is considered a low-calorie food with approximate 

nutrient composition proportions consisting of 12% - 71% complex carbohydrates, 4% - 47% protein, 

0.9% - 4% fat, and a large number of vitamins and minerals, up to 36% dry weight [162,163]. Seaweed 

also contains polysaccharides, soluble and insoluble dietary fibre, and polyphenols. Furthermore, 

seaweeds are well-known for containing high levels of important elements like calcium and magnesium. 

For example, in the raw product, the brown seaweed Ascophyllum nodosum's calcium content is 5.75 

g/kg wet weight and 1.15 g/kg for whole milk [164]. The composition of dried and rehydrated red 

seaweed Chondrus crispus is listed in the table below (Table 2.1) [165]. 
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Table 2.1: Nutrient composition of raw Chondrus crispus 

Nutrient name 

Dried Chondrus crispus  

value per 5 g/60ml edible portion 

Rehydrated Chondrus crispus 

value per 42 g/100ml edible portion  

Amount 

Moisture (water) (g) 0.70 37.85 

Ash (g) 1.15 1.18 

Protein (g) 0.76 0.79 

Total Fat (g) 0.07 0.07 

Carbohydrate (g) 2.30 2.38 

Energy (kcal) 12.75 13 

Other Carbohydrates 

Fiber, total dietary (g) 1.86 1.9 

Minerals 

Calcium, Ca (mg) 14.71 15 

Iron, Fe (mg) 3.30 3.41 

Magnesium, Mg (mg) 34.31 36 

Phosphorus, P (mg) 12.75 14 

Potassium, K (mg) 146.08 151 

Sodium, Na (mg) 215.69 222 

Zinc, Zn (mg) 0.13 0.13 

Copper, Cu (mg) 0.02 0.025 

Manganese, Mn (mg) 0.29 0.300 

Vitamins 

Beta carotene (µg) 242.16 250 

Retinol activity equivalents, RAE (µg) 20.59 21 

Folacin, total (µg) 9.80 10 

Folate, naturally occurring (µg) 9.80 10 

Dietary folate equivalents, DFE (µg) 9.80 10 

Niacin (mg) 0.19 0.194 

Niacin equivalents (NE) 0.32 0.335 

Riboflavin (mg) 0.08 0.080 

Thiamin (mg) 0.02 0.025 

Vitamin B-6 (mg) 0.01 0.013 

Vitamin B-12 (µg) 0.11 0.11 

Vitamin C (mg) 1.47 1.5 

Vitamin D (µg) 6.27 0.2 

Tocopherol, alpha (mg) 0.27 0.28 

Lipids 

Total saturated fatty acids (g) 0.02 0.021 

Total monounsaturated fatty acids (g) 0.01 0.004 
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Total polyunsaturated fatty acids (g) 0.04 0.038 

Information obtained from Canadian Nutrient File, 2015. Food code: 7134 (Dried Chondrus crispus); 7135 (Rehydrated 

Chondrus crispus) 

2.14.1 Fibers and carbohydrate contents 

The typical algae carbohydrates are not digestible by the human gastrointestinal tract and, therefore, they 

are dietary fibers. The average total dietary fiber content in edible seaweed ranges between 25% and 75% 

of dry weight, of which 51% - 85% is soluble fiber, which is situated between cells and binds them 

together [166]. This fiber consists of complex polysaccharides such as alginate, carrageenan, fucoidan, 

and laminarin. The total polysaccharide concentrations in the seaweed species of interest range from 4 

to 76 % of the dry weight [167]. Polysaccharides comprise 55%-66% of Chondrus crispus's dry weight 

[168]. Of those, carrageenan is the dominant polysaccharide, making up to 71% of the total 

polysaccharides [167]. Other polysaccharides from Chondrus crispus include agar, xylans, floridean 

starch, water-soluble sulphated galactan, and porphyrin [167]. Carageenans as seaweed-derived food 

hydrocolloids are used for textural functionality in various food applications, including dairy products, 

jellies, confectionary and cooked processed meat products [169]. Carageenans are recognized as safe by 

Joint FAO/WHO Expert Committee on Food Additives as their level in food varies from 0.1 to 2% or at 

concentrations of 1,000 mg/L in infant formula or in the food for special medical purpose [169]. While 

there is no defined serving size for dehydrated seaweed in Canada, the reference amount for seaweed is 

15g [170] and one of the available serving sizes indicated in the Canadian Nutrient File for cultivated 

dehydrated Chondrus crispus is 5.1g or 60 ml [165]. Seaweeds are abundant in soluble fibres, with the 

highest amounts found in Ascophyllum, Porphyra, and Palmaria; however, other green species, such as 

Ulva, has contents of up to 65 % of dry weight [157]. Insoluble fiber, derived from the plant's rigid cell 

walls, constitutes between 15% - 49% of the total dietary fiber [166]. According to Canadian Dietary 

Reference Intakes for total fiber intake, it is recommended that Canadian women need 25 grams of fiber 

per day and men need 38 grams of fiber per day [171]. However, most Canadians only get about half that 

much [172]. Consuming a five-gram serving of brown, red, or green seaweed would contribute up to 

14.3%, 10.6%, or 12.1% of daily dietary fiber intake, respectively [162]. Compared to other vegetables, 

this is a significant amount of fibre; it also suggests that seaweed could be a beneficial fibre source as a 

dietary component. 
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2.14.2 Protein  

Seaweed is getting significant attention due to its protein content as people are demanding healthy foods 

and facing the challenges of improving food security from sustainable protein sources. Moreover, 

Canada's dietary guidelines recommend that people choose plant protein foods more often. As discussed 

above, the protein content of seaweed varies from species to species. It is low in brown seaweeds (3 ± 

15% of dry weight), moderate in green seaweeds (9 ± 26% of dry weight), and high in red seaweeds (up 

to 47% of dry weight [156,173]. Chondrus crispus, on the other hand, protein content ranges from 15.7% 

to 35.2 % of the dry weight [174,175]. Per 100g of dried Chondrus crispus come with 15.34g of protein, 

which is comparable with the protein content of salmon (22.1g), egg (11.8g), cereal (13g), soybean 

(16.64g) [165]. 

The level of digestibility of seaweeds proteins is negatively related to the amount of soluble fiber in the 

seaweeds [164], study has indicated that breaking down the fibers by physical processes or fermentation 

[176], or the use of digestive enzymes can significantly increase the bioavailability of seaweed proteins 

[177,178]. The in vitro digestibility of seaweed protein is comparable with other terrestrial plant proteins 

[174]. In addition, due to the high anti-nutritional substances (phenolic content) of the brown and green 

seaweeds, protein availability in vivo is constrained. Red seaweeds have a low anti-nutritional substances 

concentration; thus, the red seaweed protein is shown to have higher digestibility [179,180]. However, a 

relatively low in vitro digestibility is reported for Chondrus crispus (45%) [181]. 

In general, seaweeds have abundant amino acids such as aspartic acid, glycine, arginine, alanine, and 

glutamic acid [164]. Glutamic acid, found in L. digitata, is the main component of the umami flavour 

[164]. The initial source of the flavour enhancer monosodium glutamate was Kombu (Laminaria 

japonica), which is closely linked to L. digitata [156]. Many seaweeds, such as dulse (Palmaria palmata) 

and sea lettuce (Ulva spp.), provide essential amino acids (EAAs) such as histidine, leucine, isoleucine, 

and valine [156]. The high amounts of protein (up to 47%) in many red seaweed species are comparable 

to those protein-rich plant-based foods, such as beans (20.9%), lupine (30.5%), chickpeas (24.7%), 

linseed (26.35%), peanuts (29.59%), and rice (9.57%) (177), as well as the presence of EAAs, make it a 

desirable source of protein [174,182]. 
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2.14.3 Lipids and fatty acids 

Generally, the lipid content is very low in all seaweed species: between 0.9% and 4% of dry weight [163], 

much of this lipid content is made up of polyunsaturated fatty acids (PUFA) in the form of omega-3 and 

omega-6 [156,183]. Depending on the species and season, omega-3 and omega-6 make up approximately 

31% - 54% of the total fat content [184]. Essential fatty acids must be obtained from the diet as the human 

body does not produce them. The Western diet's ratio of omega-6 to omega-3 fatty acids is significantly 

higher (20:1 or higher). Increased consumption of omega-6 fatty acids may be related to the increase in 

chronic systemic inflammation and obesity [185]. Studies suggested that a healthy omega-6 to omega-3 

fatty acids ratio appears to be between 1:1 and 4: 1 [186,187]. Seaweeds provide an appropriate ratio of 

fatty acids within this optimal ratio. 

2.14.4 Vitamins  

Vitamins are organic micronutrients that an organism cannot produce in adequate amounts and thus must 

be obtained from the foods [155]. The public also commonly uses multivitamin supplements to fulfil 

recommended daily intakes. However, seaweeds may be an excellent source of fat- and water-soluble 

vitamins, including vitamins A, B, C, and E [162]. However, as mentioned above, seaweed species, 

environmental and seasonal factors and harvesting and processing methods can impact the chemical 

composition and amount of nutrients in the seaweed. For example, there are significant differences in the 

amounts of β-carotene and vitamin C in Ulva fasciata samples taken from various locations [161]. 

Vitamin C, B2, B1, and A concentrations in Eisenia arborea (a dominant species of kelp) were found to 

be lowest in the summer months (June, July, and August) and highest in April and September (for 

vitamins C, B2, B1) and January (for provitamin A) [188]. Vitamin contents of seaweed vary from 

species to species. Seaweeds such as laver (Porphyra umbilicalis), sea spaghetti (Himanthalia elongata), 

and Gracilaria changii, have vitamin C levels comparable to tomatoes and lettuce [155]. The vitamin C 

level for brown seaweed Eisenia arborea is comparable to mandarin oranges [155]. For the vitamin A 

content, a 5-g of dried seaweed varies from 14.5 μg (1.6% of RDA for adult males, 2% of RDA for adult 

females) in Ulva rigida to 70.5 μg (7.8% of RDA for adult males, 10% of RDA for adult females) in 

Fucus spiralis [162]. In general, seaweeds are an excellent source of B-group vitamins (especially B1, 

and B12), lipophilic vitamin A and vitamin E (tocopherol). Kelp can have amounts of α-tocopherol (the 
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most biologically active form of vitamin E) comparable to those found in plant oils such as palm, 

sunflower seed, and soybean oils. Moreover, the levels of β-carotene in the seaweeds Codium fragile and 

Gracilaria chilensis could be higher than those found in carrots [155]. It should be noted that seaweed is 

one of the few non-animal sources of vitamin B12, which may provide an alternate source of vitamin 

B12 for vegetarians or vegans. Ulva lactuca can provide this vitamin above the recommended dietary 

reference intake for Canadian of 2.4 μg/day with 5 μg in 8g of the dry form [171]. However, there is an 

ongoing debate about whether vitamin B12 from seaweed is bioavailable to human [162,189,190]. 

According to recent studies, seaweed and microalgae species provide a plant source of accessible vitamin 

B12. The highest amount and bioavailability of vitamin B12 were found in red seaweed and microalgae 

species such as nori, Spirulina, Chlorella, and Dunaliella. However, even within comparable algal 

species, there were considerable differences between the investigations [191,192]. It has also been 

reported that drying Porphyra spp. inactivates vitamin B12; therefore, processing methods may impact 

vitamin bioavailability [162].  

2.14.5 Minerals 

Seaweeds are a rich source of minerals due to their maritime environment and the diversity of the 

minerals they absorb from the ocean. However, the mineral contents of seaweed also vary based on 

seaweed species, environmental and seasonal factors. For example, brown, green and red seaweeds from 

Indonesia contain high potassium, calcium, and sodium levels. However, when it comes to the iron and 

zinc contents, they are much lower than the seaweed species in Japan [193]. Generally, most seaweeds 

are high in calcium, magnesium, potassium, sodium, iron and iodine [155,162,164]. Seaweed trace 

minerals include zinc, copper, manganese, selenium, molybdenum, and chromium [164,194]. Important 

minerals, such as calcium, are far more abundant in some seaweeds than in terrestrial foods. For example, 

an 8 g serving of Ulva lactuca (sea lettuce) has 260 mg of calcium, contributing to approximately 26% 

of daily reference intake for adults [164,195]. Calcium levels in U. pinnatifida and S. polycystum are 

even more significant than in milk, and the sodium/potassium ratio in Laminaria species is ideal for 

humans [8,196]. Seaweeds also have a higher level of iron than several well-known terrestrial sources of 

minerals such as meats and spinach [164]. Sargassum spp. contains 156.9 mg of iron per 100 g of dry 

weight, a study showed that adding this seaweed to wheat and maize-based bread boosted the amount of 
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absorbed iron [197]. Moreover, seaweeds are considered a rich source of magnesium. L. digitatais rich 

in magnesium with six times higher contents than carrots and tomatoes (mg/100g of dry weight) [198]. 

However, the bio-accessibility of magnesium varies between seaweeds. In a vitro study, under simulated 

gastrointestinal conditions, bio-accessible magnesium contents from Ulva pertusa, Laminaria japonica, 

and Gloiopeltis furcate were 41.8%, 60.8%, and 72.5% respectively [199]. Iodine, rich in most seaweeds, 

is a critical nutrient for metabolic regulation and growth patterns. The amount of iodine in seaweed varies 

considerably depending on the location, harvesting method, and species. Kelps, for example, can 

concentrate iodine up to 100,000 times that of the surrounding seawater and exceed the minimum dietary 

requirement of 150 μg when consumed [140,195]. Iodine levels in seaweeds range from 0.06 mg/100 g 

dry weight (Ulva lactuca) to 624.5 mg/100 g dry weight (Laminaria digitata) [162].  

2.15 Seaweed Consumption and Human Health  

In addition to macro-and micronutrients, seaweed contains bioactive components such as antioxidants, 

polyphenols, sterols, and other phytochemicals. Seaweed has been used as food and medicine by coastal 

peoples worldwide for thousands of years. Seaweed has been used as a medicine in ancient China for at 

least 5,000 years when Emperor Shen Nung included it in his classic pharmacopeia, the Pen Ts'ao. 

Traditional Chinese medicine has employed seaweeds to treat goitre, scrofula, swelling and pain of testes, 

and edema. In addition, several seaweed species have been used to treat arteriosclerosis, skin diseases, 

high blood pressure, hepatosplenomegaly, neurosis, angina pectoris, acute esophagitis, and chronic 

bronchitis in modern Chinese medicine [200]. The recent surge in interest in seaweed is fueled by interest 

in its bioactive components, which have shown a significant potential with antioxidant, anti-infective 

(antiviral, antimicrobial activity: bacterial and fungal), antitumor, anticancer, antiproliferative, anti-

inflammatory, anticoagulant, phytoestrogenic and endocrine modulating properties (thyroid) [118]. 

Therefore, seaweeds have potential applications in the functional food and nutraceutical industries, with 

a focus on reducing the risk of specific metabolic syndromes (obesity, dyslipidemia, diabetes, 

hypertension), cardiovascular diseases (coronary heart disease), weight management, cancer 

[1,9,118,162]. Epidemiological studies have shown an association between the dietary intake of 

seaweeds and a reduced prevalence of chronic diseases [9]. 
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2.15.1 Seaweed and cardiovascular health  

For centuries, seaweeds have been considered as part of a healthy diet in East Asian countries, such as 

China, Japan, and South Korea. Japanese, particularly the Okinawans, have the world's longest life 

expectancies, possibly due to their high intake of fish, soy, and seaweed in their diet. In addition, 

mortality from cardiovascular disease and all cancers is low in Japan [9]. Seaweed consumption may 

prevent diet-related CVDs due to its abundant fiber content, which could act as an alternative source of 

dietary fiber. Other bioactive components from seaweed, such as antioxidants and proteins, may also 

contribute to CVDs prevention. Moreover, seaweed consumption has been linked to reducing the 

incidence of various CVDs risk factors, including obesity, hyperlipidemia, diabetes, and hypertension 

[36].  

Seaweed intake has been associated with protection against CVDs in collaborative cohort research 

looking at nutrition's effect on mortality in Japan [201]. A prospective cohort study also demonstrated 

that the typical Japanese dietary pattern, including seaweed consumption, has decreased CVDs risk [202]. 

Seaweed powder (5 g/day) added to the diet for up to 10 weeks showed a considerable reduction in 

cholesterol [203]. However, due to a lack of essential information in the reported data, conclusions on 

the relevance of these findings are challenging to draw. A retrospective study indicated that consuming 

seaweed associated with other legumes presented a significantly lower total cholesterol level in Japanese 

men [204]. Researchers concluded that adding seaweed to the diet may minimize cardiovascular disease 

risk factors in type II diabetic patients by lowering blood lipids while increasing HDL cholesterol levels 

and enhancing antioxidant enzyme activity. However, more research is needed to confirm these effects 

and establish dietary recommendations for patients with type II diabetes [205]. A recent perspective study 

(surveyed 40,707 men and 45,406 women) examined the dietary intake of seaweed and its impact on 

stroke and ischemic heart disease risk among a Japanese population found that high seaweed intake may 

prevent middle-aged men and women from cardiovascular disease [206].  

The link between seaweed consumption and a lower risk of CVDs may be due to the anti-inflammatory, 

antiangiogenic, anticoagulant, and antiadhesive properties of seaweed components [207]. In addition, 

seaweeds contain a large number of soluble polysaccharides functioning as dietary fiber and might be 

considered beneficial to CVDs risk factors. Mechanisms associated with potential health benefits have 
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broadly been identified in vitro or in animal models. The pigment fucoxanthin present in wakame 

lowered blood pressure and stroke risk factors [208], while tropical seaweeds reduced cholesterol, low-

density lipoprotein, triglycerides, lipid peroxidation, and erythrocyte glutathione peroxidase levels [209]. 

Carrageenan from Chondrus crispus has a long history of use in traditional medicine as a cough and cold 

remedy, and in vitro and animal models have indicated that it may inhibit platelet aggregation and have 

anticoagulant characteristics [9].  

Moreover, fucoidan, derived from brown seaweeds such as Laminaria and Ascophyllum spp., has shown 

anticoagulant effects that may help prevent CVDs. Furthermore, laminarin, which can also be found 

in Laminaria and Ascophyllum spp., has been shown to have antioxidant, anti-inflammatory, and 

anticoagulant properties [9]. In addition to other bioactive substances found in many seaweed species, 

lipids from seaweeds may have therapeutic qualities related to heart disease. As documented previously, 

although the lipid content is very low for all seaweed species [163], much of this lipid content is made 

up of PUFA, most of which occur in the form of long-chain omega-3 (n-3) PUFAs eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA) [156,183].  

2.15.2 Seaweed and cancer 

Seaweeds have been advocated for a function in cancer prevention, tumour advancement, and even health 

recovery after radio- or chemotherapy for decades [36]. Even though there is limited human clinical 

intervention trial investigating the potential benefits of seaweed consumption on certain cancers, some 

observational evidence and a wealth of in vitro and in vivo studies have demonstrated clear anti-cancer 

properties of seaweed and seaweed components [210]. In previous studies, edible seaweeds have been 

shown to protect against mammary, cutaneous, cervical, and intestinal cancers [210]. Seaweed 

consumption was linked to decreased lung cancer mortality in both men and women and lower pancreatic 

cancer mortality in men [201]. 

Breast cancer is the most common cancer globally, with approximately 2.26 million cases reported in 

2020 [25]. Porphyra spp. consumption was linked to a lower risk of breast cancer in premenopausal 

women but not in postmenopausal women, and there was no link between Undaria pinnatifida 

consumption and breast cancer risk [211]. According to a large prospective study in Japan, investigators 

reported that after nine years of follow-up, miso soup (made from seaweed) was the food most closely 
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associated with low breast cancer risk among other foods investigated [212]. A case-control study 

involving 362 Korean women with histologically confirmed breast cancer and their controls reported that 

gim (a kind of nori) consumption was inversely associated with breast cancer risk in premenopausal 

women [213]. The anti-cancer properties of gim may also be attributable to the iodine content of this 

seaweed [213]. Other epidemiological studies indicated that consuming miso soup at least five times per 

week was associated with a reduced rate (13%) of breast cancer among women in Japan [200]. The 

association between seaweed consumption and protection against breast cancer development may be 

because seaweed consumption changed the estrogen and phytoestrogen metabolism by lowering serum 

estradiol (E2) level and increased urinary excretion of 2-hydroxyestrogen (2-OHE), the ratio of 2-

OHE:16a-hydroxyestrone (16aOHE1) and equol excretion [214]. 

Bioactive compounds from seaweed, such as fucoidan, alginate, fucoxanthin, and polyphenols (catechins, 

flavonols, and phlorotannins) [215], may have unique health-promoting qualities that could be used in 

human health applications such as cancer prevention and treatment [9]. The phenolic content in seaweeds 

varies from 1352 μg/ g to 386 mg/g on a dry weight basis [179], with lower concentrations in green and 

red seaweeds, and higher concentrations in brown seaweeds [216]. Phlorotannins (fucolls, phlorethols, 

fucophlorethols, fuhalols and halogenated and sulphited phlorotannins) comprise the major phenolic 

compounds in brown seaweeds [179], bromophenols, phenolic acids, and flavonoids are the most 

abundant polyphenols in red and green algae [215].  

Anti-cancer activity has been evaluated on various crude extracts or partially purified substances from 

brown, green, and red seaweeds. Compounds derived from seaweeds have been found to be efficient 

anti-cancer agents in several studies [217]. The anti-cancer effects of seaweed components are mediated 

by various pathways antioxidation, tumoral cell apoptosis, and immune stimulation [210]. Tumours 

generate a large number of free radicals, which are often accompanied by a lack of DNA repair 

mechanisms [218]. The most critical component for DNA damage is reactive oxygen species (ROS), 

which also causes high amounts of oxidative stress [210]. Chlorophyll, fucoxanthin and 

phycoerythrobilin from edible seaweeds showed the most robust antioxidant activity by inhibiting the 

progression of abnormal cells to cancer [219]. At a dosage of 200 μg/ml, the Ulva fasciata extract could 

inhibit the development of HCT116 human colon cancer cells by 50% by activating apoptosis [220]. 
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Polyphenols from red edible seaweeds show anti-cancer properties by triggering apoptosis, reducing 

oxidative stress, and inhibiting the manufacture of endogenous estrogen [221]. Sulfated polysaccharides 

isolated from seaweeds increased the production of specific and OVA-specific antibodies in mice, 

demonstrating the immunomodulatory effects of seaweeds [222]. Fucoidan has been shown to stimulate 

T cell production of Interferon-gamma (IFN γ) and alter natural killer (NK) and T helper 1 (Th1) cell 

responses in leukaemia mice [223]. Tumours need a high supply of oxygen and nutrients which can only 

be achieved by increased angiogenesis in the growing mass. Evidence indicated that sulfated 

polysaccharides such as fucoidan and laminarin, might have anti-angiogenesis effects [210]. In vitro and 

in vivo studies showed that fucoidan extracted from brown seaweed reduced vascular endothelial growth 

factor (VEGF) and other pro-angiogenic cytokines, contributing to a substantial reduction in the tumour 

size of 4T1 tumours [224,225]. Although various pathways mediate the anti-cancer effects of seaweed 

components, no consensus has yet been achieved in this area, and further research is needed to understand 

these mechanisms better. 

2.15.3 Seaweed and metabolic syndrome (MetS)  

Metabolic syndrome (MetS) is a group of metabolic abnormalities that include abdominal obesity, high 

blood pressure, high fasting plasma glucose, high triglycerides, and decreased high-density lipoprotein 

cholesterol (HDL-C), all of which increase the risk of CVDs, type 2 diabetes mellitus (T2DM), and all-

cause mortality. MetS is one of the world's major public health concerns, with an estimated one-quarter 

of the world's population suffering from it [226]. The US Food and Drug Administration (FDA) has not 

authorized any drug to treat MetS to date; nevertheless, an insulin-sensitizing agent, such as metformin, 

is currently commonly used in patients with MetS who are beginning hyperglycemia treatment. Although 

these medications can be beneficial, most of them have side effects, and their effectiveness may be 

decreased or lost due to long-term use [227]. As a result, there is growing interest in using natural 

products to reduce the risk of MetS and its progression. Seaweeds, due to their bioactive compounds (e.g. 

polyphenols, sulfated polysaccharides, carotenoids, and polyunsaturated fatty acids), have been used in 

nutraceuticals and functional foods for the management of MetS and MetS-related diseases. The 

inhibition of digestive enzymes (e.g., α-amylase, α-glucosidase, lipase, PTP1B) reduces dietary fat and 

glucose absorption [228]. Much epidemiological evidence has shown that nations where seaweeds are 
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regularly taken within the diet (for example, Japan) have a lower incidence of obesity and food-related 

disease than Western countries, further confirming the effectiveness of seaweeds in reducing and 

managing MetS [9,229,230]. The Nutrition and Health Study in Taiwan revealed that various foods, 

including seaweeds, may help prevent MetS [231]. Research in animal models also suggested a role for 

algae in the treatment and prevention of MetS [232]. 

2.15.4 Impacts on appetite, energy intake and weight management  

Seaweed carbohydrates exhibit various biological characteristics, including anti-obesogenic properties 

due to the high content of sulphated polysaccharides in seaweed, such as alginate, carrageenan, fucoidan, 

and laminarin. Moreover, alginates, fucoidan, and laminarin remain undigested in the upper digestive 

tract of animals. Therefore, seaweed is considered a rich source of dietary fiber that may associate with 

the effect of seaweed consumption on appetite control, and energy intake [233,234]. Most human 

research on the health benefits of seaweed-derived dietary fiber components has focused on potential 

anti-obesogenic effects such as improved satiation, delayed nutrient absorption, and gastric emptying, 

but human research on whole seaweed consumption appears to be under-investigated [162,235]. A recent 

acute study shows increased sensation of satiety and reduced feelings of hunger after seaweed 

consumption which suggested the two tested brown seaweed species (Laminaria digitata and Undaria 

pinnatifida) could be excellent candidates for lowering energy intake for several hours [235]. The effect 

could be owing to the polysaccharide, alginate, and perhaps other soluble dietary fibers from seaweed 

having a satiating effect, which could be caused by bulking or a slower stomach emptying rate [235].  

Alginate ingestion has been proven to significantly impact appetite and food intake in humans in several 

placebo-controlled intervention trials. A crossover study reports that daily energy intake was reduced by 

135 kcal when participants consumed alginate (1.5 g/100 mL) prior to meals [236]. An acute study 

showed that an alginate drink increased self-reported satiety and decreased the feeling of hunger in a 

dose-dependent manner compared to a placebo [237]. Another parallel study in healthy overweight males 

(n=12) found that consuming an Ascophyllum nodosum–enriched (4%) bread reduced energy intake by 

109 kcal at 4 hours and 506 kcal at 24 hours, respectively, when compared to an isocaloric placebo [238]. 

In another study (10 men and 9 women), consumption of a high-volume (15.0 g alginate in 500 ml) 

alginate-based preload drink resulted in increased satiety, and low-volume preload (9.0 g alginate in 330 
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ml) lowered energy intake by 44 kcal (8%) after an ad libitum lunch compared to the placebo [15]. 

However, there was no substantial effect of a preload alginate drink on energy intake or satiety hormone 

concentrations in overweight/obese people [16]. Alginates appear to alter appetite and food intake, but 

further research is needed to clarify their function by looking at the relationship between structure and 

function, especially molecular weight, and the ratio of guluronate to mannuronate, as well as the 

significance of alginate's gelling capacity. Given that alginate does not appear to impact stomach 

emptying, more research into its mechanism of action is needed [15,16].   

2.15.5 Impacts on controlling blood glucose levels  

Dietary carbohydrates are the major source of blood glucose. Before being absorbed in the small intestine, 

these carbohydrates are hydrolyzed by pancreatic α-amylase and α-glucosidase. The role of seaweed in 

metabolic control suggests that seaweed extracts affect blood glucose control by inhibition of α-amylase 

and α-glucosidase activities [239,240] or by increasing insulin sensitivity [241]. The extract of 500 mg 

of brown seaweeds (Ascophyllum nodosum and Fucus vesiculosus) reduced the insulin iAUC by 12.1% 

and increased the Cederholm index of insulin sensitivity by 7.9% when compared to placebo [241]. In 

addition to seaweed extract, consumption of whole brown seaweed indicated lower postprandial blood 

glucose, insulin and C-peptide response [235]. A recent randomized crossover trial involving 26 

participants with untreated type II diabetes mellitus found that participants who consumed 200 g of rice 

with 4 g of dried wakame at each meal had significantly lower blood glucose and insulin levels at 30 

minutes compared to the control group [242]. 

There is also considerable interest in the effect of alginate on glycemic control, particularly its impact on 

postprandial glucose absorption. Alginate is the predominant polysaccharide of brown seaweed, 

comprising 14–40 % of its dry mass [155]. Alginate fiber forms viscous fluids by binding Ca2+ ions and 

stomach H+ ions due to the presence of guluronic acid residues [243,244]. Consumption of viscosity-

raising fiber may lower postprandial glucose reactions, slow stomach emptying, and impede 

macronutrient absorption [243,245]. Postprandial blood glucose absorption has been shown to be reduced 

following alginate consumption due to intragastric gelation, nutrient entrapment in the gel matrix, and 

altered nutrient absorption in the gastrointestinal tract at relatively low concentrations compared to other 

soluble fibers [246]. Due to the greater viscosity polysaccharide in L. digitata, which could alter glucose 
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absorption and insulin response in the intestine, alginates from L. digitata dramatically lowered blood 

glucose absorption balance (50 %) and insulin responses in pigs over eight hours [247]. When sodium 

alginate (1.5 g) was added to a glucose-based beverage resulted in a substantial reduction in postprandial 

blood glucose response and a larger incremental peak insulin response [248]. Another study in healthy 

individuals showed that 500 mL 3% sodium alginate beverage lowered glucose incremental area under 

the curve (iAUC) by 40% without lowering insulin responses compared to the control beverage [249]. A 

similar effect of alginates restoring glucose uptake was also found in overweight and obese individuals 

[250].  

2.15.6 Impacts on blood lipids  

Obesity and dyslipidemia represent two risk factors for MetS and coronary disease development. Lipid 

disorders could exacerbate atherosclerosis, leading to chronic heart failure [228]. A considerable amount 

of evidence has indicated seaweed intake is associated with lowering serum lipids such as triglyceride, 

low-density lipoproteins, and total cholesterol. A study showed that at the end of a 6-week intervention 

period, a 5% significant reduction in triglyceride levels was observed in the treatment group compared 

to the placebo group. However, the effect was not seen after three weeks of intervention, implying that 

it takes at least six weeks of supplementation to be effective. Researchers also found a non-significant 

trend in reduced total cholesterol and low-density lipoprotein-cholesterol (LDL-C) and increased high-

density lipoprotein-cholesterol (HDL-C) in both groups [251].  

The effects of seaweed intake on blood lipids may be due to the bioactive compounds of seaweed, such 

as carrageenan (seaweed polysaccharide), fucoxanthin (a seaweed carotenoid) and polyphenols. A study 

showed that the carrageenan diet considerably reduced serum total cholesterol and triglyceride levels 

while significantly increasing HDL-C levels. These findings suggest that eating a carrageenan-rich diet 

can help with lipid balance [252]. In a mouse model of diabetes, fucoxanthin administration has shown 

effects on improving glucose and lipid metabolism and reducing plasma triglycerides and total 

cholesterol levels and lowering insulin resistance [253]. The evidence showed that supplementing marine 

polyphenol-rich extracts may have small-to-medium beneficial effects on fasting blood glucose, total 

cholesterol, and LDL-C levels. However, more research is needed [254]. 
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Brown seaweeds and their derivatives have dominated scientific investigations and studies with human 

participants, owing to their commercial abundance and perceived sustainability. Despite the nutritional 

benefits of red seaweeds such as nori (Porphyra spp.) and dulse (Palmaria palmata), which have a high 

protein content, there have been few studies on red seaweeds as a source of bioactive components [162]. 

Despite many clinical studies investigating the effect of brown seaweeds in MetS comorbidities, most 

were using seaweed extract as the treatment; there was litter research using whole seaweed as the 

intervention. To fully understand whether the same effects can be seen using whole seaweed as the 

treatment, more research is needed.  

2.15.7 Seaweed and digestive tract health  

More and more evidence has revealed that gut microbiota plays a crucial role in maintaining intestinal 

homeostasis and improving metabolic health [255]. Seaweeds may benefit gut health through various 

mechanisms, including anti-inflammatory properties, immunomodulation, and lipid peroxidation. The 

high fiber content of seaweeds is most likely responsible for these effects [36]. Although some viscous 

fibers, such as alginate, may have a direct protective and coating effect, the most likely mechanism of 

fibers is through the prebiotic activities of seaweed polysaccharides [9,256]. Low-molecular-weight 

polysaccharides have been studied for their possible prebiotic effects in several studies. Seaweed fibre 

appears to differ from higher plant carbohydrates in terms of chemical, physicochemical, and 

fermentation properties; however, nothing is known about its properties in the human gut or the bacteria 

it may influence [257].  

Marine-derived products such as alginates, laminarin, and agar, as well as seaweed structural components, 

are emerging as new sources of prebiotic carbohydrates. Alginate, xanthan gum, and carrageenan gum 

have been shown to increase probiotic survival as they provide living bacteria a physical barrier against 

unfavourable digestive conditions [258,259]. Overall, there is a significant information gap regarding 

seaweed bioactive compounds and their significance in human digestive system health. There might be 

some potential for these compounds to be developed as prebiotics or components that help probiotics 

survive. However, the data from human investigations on seaweed prebiotic carbohydrates is insufficient 

to draw any conclusions. In this growing field of study, ongoing research employing human studies may 

help to improve the understanding of potential pathways and specific substances of interest. 
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2.15.8 Other health benefits of seaweed intake  

Other potential health benefits associated with seaweed consumption include improved bone health, 

lower prevalence of some neurological diseases and potential antiviral agents [9,36]. As observed from 

in vitro and animal research, marine and algal compounds may have the potential to combat osteoporosis. 

Possible mechanisms include the mineral content of seaweed that helps prevent bone mineral loss; 

compounds that may promote osteoblast differentiation; and some bioactive compounds that may inhibit 

osteoclast differentiation [36]. The antiviral properties of seaweed may be due to the sulfated 

polysaccharides from various seaweed species. Carrageenans, fucoidans, and sulfated thamnogalactans 

have been found to have significant antiviral potential against enveloped viruses in both in vitro and in 

vivo models with animals [9]. Although the in vitro evidence is encouraging, preclinical studies and 

clinical trials are needed to evaluate seaweeds and their compounds. 

Various in vitro and in vivo animal experiments have contributed to the current understanding of 

seaweed's health-promoting properties. Although many studies have reported the potential nutritional or 

bioactive content of different seaweeds, there are significant demands on quantifying the bioavailability 

of nutrients and phytochemicals from seaweed foods. More well-designed clinical trials with human 

participants are needed to promote seaweed or seaweed-containing food or seaweed extracts as functional 

foods or natural health products. 
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Chapter 3: Rationale, Objectives, and Hypothesis 

3.1 Rationale 

Previous studies have indicated the effects of seaweed consumption on appetite control and energy intake. 

However, most investigations used seaweed extracts, or the bioactive compounds isolated from seaweed. 

Studies investigating the effects of consuming whole seaweed on satiety and short-term food intake in 

humans are limited. Research gap exists regarding whether consuming whole red seaweed Chondrus 

crispus will have the same appetite control properties as observed in the previous studies. Edible 

seaweeds are rich sources of nutrients, including minerals, polysaccharides, soluble and insoluble fibers 

and trace elements. Additionally, seaweed intake has shown significant health potential; thus, edible 

seaweeds are considered as functional foods in many countries. However, edible seaweed consumption 

in western countries, including Canada, is very limited. The major reasons for limited consumption 

include their unique taste and flavor, unfamiliarity with using seaweeds in traditional foods, 

unavailability of ready-to-use processed foods with seaweeds and lack of information regarding their 

health benefits. Other than the health benefits of edible seaweeds, seaweeds aquaculture also showed 

great potential for economic growth and provided several inter-sectorial benefits. Even though many 

products from Asia are starting to be marketed, and some domestic products are emerging, the seaweed 

industry in most western societies such as Canada is underdeveloped. Therefore, it is necessary to 

investigate the sensory acceptability of seaweed-containing foods and their association with appetite 

sensation in consumers to enhance the development and consumption of seaweed products in Canada. 

Given the extensive Canadian coastline and its long-established high biodiversity of seaweed varieties, 

there appears to be abundant opportunities to exploit the global trend of seaweed consumption. However, 

very little is known about consumers’ perceptions of seaweed as a food product and their demand. The 

current project would result in a better understanding of the design/development of acceptable seaweed 

products with improved health benefits. 
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3.2 Objectives 

3.2.1 Primary objective 

• To determine the effect of a meal formulated with Chondrus crispus on subjective appetite and 

short-term food intake in young adults.  

3.2.2 Secondary objective 

• To evaluate the sensory characteristics of foods formulated with seaweed (Chondrus crispus);  

• To examine the effect of consuming a meal formulated with seaweed (Chondrus crispus) on 

subjective physical comfort over two hours. 

3.3 Hypothesis 

It was hypothesized that: 

1) The addition of 5g dried Chondrus crispus to a mixed meal (omelette) will result in a lower 

subjective appetite and subsequent food intake compared to a mixed meal without the seaweed. 

2) Adding seaweed to omelette will result in acceptable sensory characteristics due to a partial 

masking of seaweed flavour. 
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Chapter 4: Methodology 

4.1 Study Design 

The study followed a within-subject, randomized, controlled, single-blinded, cross-over design as 

recommended by Health Canada’s guidance document [260]. Three treatments were given in a random 

order to each participant on different session days with one-week washout between the sessions. The 

randomization of the treatments was performed using Compusense software (Compusense Inc., Guelph, 

ON, Canada). Three treatments included a mixed meal (omelette) prepared without (N) or with 

(S) Chondrus crispus seaweed, or water as an energy-free control (W). The treatments were labeled with 

4-digit identifying codes and arranged according to the randomized serving order for each participant. 

The participants were unaware of a type of an omelette they have received. 

4.2 Participants 

The study was conducted according to the principles set in the Declaration of Helsinki [261], and the 

study protocol was approved by the Mount Saint Vincent University Research Ethics Board (protocol # 

2021-001). All participants gave their written informed consent to participate. 

Thirty healthy young males aged 19-35 with Body Mass Index (BMI) of 20.0-24.9 kg/m2 were recruited 

for this study. The study was powered to detect the difference in food intake between the treatments using 

the data from a previously published study with male participants [262], allowing detection of 10% 

difference in food intake with an alpha-level of 0.05, and a beta-level of 0.8. This sample size is also 

sufficient to detect a 10mm difference (10%) in appetite sensation using visual analogue scales [263].  

Exclusion criteria were as follows: having any diseases, smoking (including e-cigarettes), consuming 

cannabis, skipping breakfast regularly, disordered eating patterns (e.g., focusing too much on body 

weight, body imaging, dieting, self-limiting the choice of foods, performing specific food rituals, feel 

anxious or guilty when eating or after eating, having bulimia, anorexia or binge eating disorder), taking 

certain medications that may affect the central and peripheral mechanisms of food intake regulation [264], 

cognitive performance and sedative medications, having intellectual disabilities that would affect their 

ability to participate in the study as required. Individuals with known food allergies and aversion to 

seaweeds were also excluded. Exclusion criteria aligned with Health Canada’s Draft Guidance Document 

- Satiety Health Claims on Food, which states that participants of the study must be considered healthy 
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in order to substantiate a functional health claim [260]. Considering the differences in sensory food 

perception between genders [265], as well as the effect of menstrual phase on nutrient intake, appetite 

and food craving [266], only males were recruited to the study. 

4.2.1 Study participant recruitment & selection  

This study was advertised via word of mouth primarily, but not limited to, the MSVU community, 

specifically students and employees. The recruitment cards and flyers were circulated in local grocery 

stores, libraries, and community places and posted on the Kijiji website, the Appetite Lab Facebook page 

and other social media platforms. 

All participants were screened over the phone (Appendix 2) to do the initial eligibility check and invited 

to an information session for the final enrollment. Their restrained eating patterns were evaluated with 

the Restraint Scale [267]. The past year’s physical activity was assessed using Past Year Total Physical 

Activity Questionnaire adopted from Cancer Epidemiology and Prevention Research Cancer Control 

Alberta, Alberta Health Services [268]. Their height, weight and body composition were measured using 

bioelectrical impedance analysis using a Tanita Body Composition Analyzer TBF-300A and Stadiometer 

HR-200 (Tanita Corporation of America, Inc, Arlington Heights, IL). Eligible participants were 

scheduled for experimental sessions one week apart between the sessions.  
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4.3 Study Protocol 

 

Figure 4.1: Experimental Protocol 

 

Participants were asked to fast for ten hours overnight before each session and abstain from alcohol, 

caffeinated or energy drinks, sweetened beverages, seaweed products, and intense physical activity. 

Participants were allowed to drink water until one hour before arriving at the laboratory. The day before 

data collection occurred, a researcher called participants who were scheduled to participate and 

completed the COVID-19 Risk Assessment for Research (See Appendix 3a). During the day of the study, 

all participants completed a COVID-19 Risk Assessment for Research form (Appendix 3a), reviewed an 

Information Letter: COVID-19 Risks (Appendix 3b), and an Information for Contact Tracing Participants 

form (Appendix 3b). These forms were sent to the MSVU Research Office on the day of the study.  

Participants arrived at the laboratory between 8:00 am and 10:00 am. Each participant arrived at the same 

chosen time for each session. Upon arrival, participants had their fasting blood glucose level measured 

using a sterile lancet device and portable glucose meter HemoCue® Glucose 201 (HemoCue AB, 

Ängelholm, Sweden). Participants completed questionnaires on their physical activity and food intake 

from the previous day, along with their perceived level of stress. Participants with fasting blood glucose 

levels higher than 6mmol/L, or if they had experienced stress, unusual food intake, alcohol consumption, 
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did not sleep enough or had extra physical activity on the day before their sessions were rescheduled for 

another day. 

Upon completion of baseline measurements, participants were taken to the individual feeding cubicles 

and were asked to complete the visual analogue scales (VAS) for the motivation to eat (MTE) and 

physical comfort (PC) (Appendix 5) immediately before being served with a treatment. Once the 

treatment was served, participants were asked to consume the whole amount. Time 0 was marked when 

participants took the first bite of S or N, or the first sip of W. The sensory characteristics of the treatment 

were assessed immediately after ingestion. VAS for MTE and PC were collected at 15, 30, 45, 60, 90 

and 120min after the treatment. At 120 min, participants were served with a pizza meal (Giuseppe 

Pizzeria, Dr. Oetker Canada Ltd., Mississauga, ON) and water, and were instructed to eat until they feel 

“comfortably full” as reported earlier [269]. The new tray with sliced pizza and new bottle with spring 

water was provided every 8 minutes, and the previous tray and water bottle with the leftover were taken 

away. Once participants have finished their meals, they rated their SA and PC at 145 min, and the session 

was completed. 

In between sessions, participants were free to continue their usual lifestyle, eating and exercise habits. 

All subjects were free to withdraw at any time during the study. 

4.4 Dietary Treatments 

Chondrus crispus seaweed (Figure 4.2b) was provided by Acadian Seaplants Ltd. The nutrient profile 

of Chondrus crispus seaweed is listed in the Table 4.1. Other food ingredients were purchased from the 

local grocery store (Figure 4.2a) (Table 4.2). 
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(a) (b) 

  
Figure 4.2: Dietary treatments. (a) treatment ingredients; (b) dehydrated Chondrus crispus seaweed (5g, 60ml); (c) Omelettes 

without Chondrus crispus seaweed; (d) Omelettes with Chondrus crispus seaweed 

 

Table 4.1: Macronutrient composition of dried Chondrus crispus (value per 5 g of edible portion)1 

Nutrient Name 60ml / 5 g  

Moisture (g) 0.70 

Ash (g) 1.15 

Protein (g) 0.76 

Total Fat (g) 0.07 

Carbohydrate (g) 2.30 

Energy (kcal) 12.75 

Other Carbohydrates  

Fiber, total dietary (g) 1.86 

1 information obtained from Canadian Nutrient File, 2015. Food code: 7134. 
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Table 4.2: List of ingredients 

Ingredients CNF Food Code Quantity  

Egg (Large) 125 1 large 

All Purpose Flour 4484 30g 

Salt 214 1/4 teaspoon 

Green Onion 2144 10g 

Onion Powder  194 1/4 teaspoon 

Black Pepper 198 1/4 teaspoon 

Oil 5622 1 tablespoon 

Water 2933 1/3 cup 

Seaweed, dried 7134 5g 

According to the recommendations from Health Canada, the studies investigating the effect of food on 

satiety should include at least three experimental treatments: the test food, the control food or the 

reference food, and the energy-free control [260]. Participants were served the following treatments in a 

random order with one treatment per session with one week washout between the sessions: (1) the 

omelette with added 5g seaweed (S) (test food, per 193 g, 318 kcal) (Figure 4.2d), (2) the omelette 

without seaweed (N) (control food, per 188 g, 309 kcal) (Figure 4.2c), or (3) 350mL spring water (W) 

(0 kcal, energy-free control) for a total of three sessions with at least one week apart. To obtain a more 

accurate energy values, energy content of the treatment was calculated by the Atwater method [270] 

which applies energy conversion factors to the macronutrients carbohydrate, fat, protein and fiber. The 

Atwater general factor includes energy values of 4 kcal per gram (kcal/g) for protein, 4 kcal/g for 

carbohydrates, 9 kcal/g for fat and 2 kcal/g for dietary fibre [271]. Nutritional composition for the dietary 

treatments can be found in Table 4.3. An average weight difference (29.4 ± 2.8 g) between the cooked 

food weight and the weight of the ingredients stated on in the Table 4.2 was observed due to the water 

loss during the cooking process. Details of the test meal preparation can be viewed in Figure 4.3. 
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Table 4.3: Nutritional Composition of Dietary Treatments 

Basic Components Non-seaweed Meal Seaweed Meal 

Energy (Kcal) 309 318 

CHO (g) 25 27 

Available CHO (g) 24 23 

Dietary Fibre (g) 1 3 

Protein (g) 10 10 

Fat (g) 19 19 

Sodium (mg) 650 870 

Iodine (mcg) 121 7811 

Weight  188 193 

Information obtained from Canadian Nutrient File, 2015. Available CHO: Available carbohydrate, calculated as the difference 

between total carbohydrate and dietary fibre. 1 Iodine content for eggs was obtained from USDA FoodData Cetral and for 

Chondrus crispus from Acadian Seaplant Ltd. 

 

 
Figure 4.3: Details of the test meal preparation 

  

Ingredients 
Preparation

• Chop green onion into small pieces

• One large size egg, 30g of all-purpose wheat flour, ¼ tsp table salt, ¼ tsp 
onion powder, ¼ tsp grind black pepper, 1/3 cup of tap water.

• Whisk egg, wheat flour, water, salt, onion powder and pepper until all 
ingredients are well mixed

• Add 10 grams of green onion and 5 grams of dehydrated seaweed into the 
mixture

Cooking 
Direction

• Pre-heat the non-stick frying pan with one tbsp olive oil for 2 minutes on 
high heat

• Pour in egg mixture, adjust the heat to medium

• Tilt and rotate the pan, gently push the egg mixture with spatula to allow 
uncooked egg to flow into empty space and fully cover the entire pan

• Cook for 1 minute with the lid

• Flip the egg, cook for 1 minute with the lid
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Chapter 5: Data Analysis 

5.1 Data 

5.1.1 Subjective appetite and physical comfort 

The subjective appetite (SA) was assessed using the 100 mm motivation to eat (MTE) visual analogue 

scales (VAS) questionnaire [272,273]. The baseline levels of SA and physical comfort were collected 

before the treatment consumption. The following SA dimensions were assessed using MTE VAS: (1) 

Desire to eat (DTE) (“Very weak”, 0mm to “Very Strong”, 100mm); (2) Hunger ("Not Hungry At All”, 

0mm to “As Hungry As I Have Ever Felt”, 100mm); (3) Fullness ("Not Full At All, 0mm to “”Very Full”, 

100mm); (4) Perspective Food Consumption (PFC) ("Nothing At All”, 0mm to “A Large Amount”, 

100mm); (5) Thirst ("Not Thirsty At All”, 0mm to “As Thirsty As I Have Ever Felt”, 100mm).  

Participants were asked to make a mark across 100mm line corresponding to their feelings. Quantitation 

of the measurement was done by measuring the distance from the left end of the line to the mark. VAS 

are used in appetite studies to assess different appetite sensations and have shown excellent 

reproducibility and validity for measuring appetite sensations [263]. Average appetite scores were 

calculated using the formula: 

Average appetite score = [desire to eat + hunger + (100 –fullness) + prospective consumption]/4 [274]. 

The satiety quotient (SQ) for caloric treatments was calculated using the following formula: 

SQ (mm/kcal) = [(fasting AS - mean 2-hour post meal AS) / (energy content of the treatment)] × 100 [275]. 

The physical comfort was assessed using 100mm VAS for: (1) Energy (“Not At All”, 0mm to "Very 

Energetic”, 100mm); (2) Fatigue (“Not At All”, 0mm to "Very Tired”, 100mm); (3) Nausea (“Not At 

All”, 0mm to "Very Much”, 100mm); (4) Stomach Discomfort (“Not At All”, 0mm to "Very Much”, 

100mm); (5) Wellness (“Not WellAt All”, 0mm to "Very Well”, 100mm); (6) Gas (“Not At All”, 0mm 

to "Very Much”, 100mm); (7) Diarrhea (“Not At All”, 0mm to "Very Much”, 100mm). 

5.1.2. Sensory evaluation  

Sensory evaluations: the sensory acceptance of the treatments were assessed using 9-point hedonic scales 

(9-pt HS) for pleasantness, taste, flavour, texture, saltiness, chewiness, mouthfeel, aftertaste and 

appearance [276]. The intensity of saltiness (“Not Salty At All”, 0mm to "Very Salty”, 100mm), 

chewiness (“Not Chewy At All”, 0mm to "Very chewy”, 100mm), bitterness (“Not Bitter At All”, 0mm 
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to "Very Bitter”, 100mm), seaweed flavour (“No Seaweed Flavour”, 0mm to "Strong Seaweed Flavour”, 

100mm) and prospective purchasing (“Would Not Purchase”, 0mm to "Would purchase”, 100mm) was 

assessed using VAS. The palatability of pizza meal served at 120min was assessed with VAS (“Not At 

All Pleasant”, 0mm to “Very Pleasant” 100mm).  

5.1.3 Ad libitum food intake (FI) at 120min 

At the screening session, the participants indicated their preference of a pizza meal selecting either 

“Pepperoni”, or “Three Cheese”. The pizza used in the study had no outer crust and therefore had a 

uniform energy density allowing the accurate estimation of food intake by subtracting the energy of pizza 

leftover from the initial weight of pizza in each tray, as reported earlier [262]. The same type of pizza 

meal was used for the same participant over three sessions. At 120 minutes, the participants were served 

a pizza meal and asked to eat until comfortably full. The weight of ingested pizza was converted in energy 

(kcal) using the manufacturer’s information (Table 5.1). Cumulative FI (cFI) over two hours was 

calculated by summing the energy of the treatment and pizza meal consumed over two hours. Ad libitum 

water intake (WI) was measured by weighing the amount of consumed water served with each tray of 

pizza meal.  

Caloric compensation as the ability to compensate for the energy consumed in a meal by consuming less 

energy in the subsequent meal [277] as calculated from the following equation: 

[kcal (pizza meal after control treatment) – kcal (pizza meal after caloric treatment)/kcal (caloric treatment – 

kcal (control treatment))*100 [278]. 

  

Table 5.1: Nutrient Composition of Pizza Meal1 

  Pepperoni (per 191 g)  Three Cheese (per 187 g)  

Calories (kcals)  460 440 

Fat(g) 15 13 

Sodium (mg) 970 860 

Carbohydrate (g)  61 61 

   Fibre (g)  3 3 

   Sugar (g)  10 10 

Protein (g)  19 18 

                1 Information obtained from Dr.Oetker Giuseppe Pizzeria Nutrition Facts Table.. 

 



Thesis  Tongtong Li 

 

Page 65 of 192 

5.2 Statistical analysis 

A two-way analysis of variance (ANOVA) was used to determine the effects of a treatment, time, and a 

treatment by time interaction for subjective appetite scores and physical comfort scores over 120 minutes. 

A one-way ANOVA was used to determine the effect of treatment on FI, total area under the curve 

(tAUC) for subjective appetite, and sensory evaluation of treatments and palatability of pizza meal at 

120min. To determine the order effect, a session was included in ANOVA. Tukey's post hoc tests were 

used to analyze the differences between treatments. The data were presented as mean ± standard deviation 

(SD). Correlation analyses of dependent measures were conducted by using Pearson's correlation 

coefficients. Statistical analyses and graph plotting were conducted using SAS 9.4 (Statistical Analysis 

Systems, SAS Institute, Cary, NC, USA) and GraphPad Prism version 9.4.0 (GraphPad Software, San 

Diego, CA, USA). 
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Chapter 6: Results 

6.1 Subject Characteristics 

Thirty male participants completed all study sessions (Figure 6.1). The demographics of the participants 

were diverse. Asians made up most of the participants (70%), including East Asian (27%), Southeast 

Asian (20%), South Asian (17%), Central and West Asian (3%, 3%, respectively). The rest were 

Caucasian (14%), Biracial (10%), Middle Eastern (3%) and African Canadian (3%) (Figure 6.2). 

Participant characteristics are shown in Table 6.1. 

 

Figure 6.1: Participants’ enrollment to the study according to the CONSORT 2010 Flow Diagram [279] 
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Figure 6.2: Participant Ethnic Background 

 

Table 6.1: Participant Baseline Characteristics 

Subject Characteristics Mean (n=53) 

Age (years) 24.3 ± 4.5  

Height (cm) 174.7 ± 7.4 

Weight (kg) 70.7 ± 8.0 

BMI (kg/m2) 23.1 ± 1.6 

Body Fat %  16.1 ± 3.7 

FM (kg) 11.5 ± 3.4 

FFM (kg) 59.1 ± 5.9 

TBW (kg) 43.3 ± 4.3 

PYTPA (hours/week) 7.7 ± 4.0 

MET PYTPA (hours/week) 24.7 ± 11.0 

Restrained Eating Score 10.1 ± 3.6 

Stress in Past 24 hrs (mm) 45.5 ± 16.2 

FI in Past 24 hrs (mm) 47.5 ± 14.7 

PA in Past 24 hrs (mm) 45.7 ± 15.1 

FBG (mmol/L) 5.5 ± 0.4 

Means ± Standard Deviation, n=30. Abbreviations: BMI, body mass index; FM, fat mass; FFM, fat-free mass; TBW, total 

body water; PYTPA, past year’s total physical activity; MET, metabolic equivalents; FI, food intake; PA, physical activity; 

FBG, fasting blood glucose. 
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6.2 Food and Water Intake 

The was an effect of treatment on ad libitum food intake (FI) at 120 min (P<0.0001) (Table 6.2) (Figure 

6.3). Both caloric treatments resulted in lower FI compared to W (P<0.05) while S led to a lower FI 

compared to N (P=0.05). There was an effect of a treatment on cFI over two hours (P=0.001). S and W 

resulted in a similar cFI (P=0.2) while cFI was higher after N compared to W (P=0.0008) and tended to 

be lower after S compared to N (P=0.08) (Table 6.2) (Figure 6.3). There was no effect of a session on 

ad libitum FI (P=0.2). There was no treatment (P=0.4) or session (P=0.7) effects on ad libitum WI or 

cumulative WI (Table 6.2). The caloric compensation after S (74.9±82.1%) was higher than after N 

(40.0± 92.6%) (P=0.02). 

Table 6.2: Food and Water Intake 

Treatment Ad Libitum FI (kcals) Cumulative FI (kcals) 
Ad Libitum Water 

Intake (g) 

Cumulative Water 

Intake (g) 

W 1058.8 ± 468.0c 1058.8 ± 468.0b 389.3 ± 203.7 739.3 ± 203.7 

S 820.6 ± 371.4b 1138.6 ± 371. 4ab 362.7 ± 181.6 712.7 ± 181.6 

N 935.5 ± 457.0a 1244.5 ± 457.0a 369.7 ± 166.5 719.8 ± 166.5 

Means ± SEM, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. Values with different superscript letters are 

significantly different (P≤0.05). 

 

Figure 6.3: Ad Libitum and Cumulative Food Intake (kcals). Means ± SD, n =30. A one-way ANOVA with Tukey Kramer 

post-hoc test. Bars with different superscript letters are significantly different (P≤0.05). 

  



Thesis  Tongtong Li 

 

Page 69 of 192 

6.3 Subjective Appetite  

6.3.1 Average appetite (AA) over two hours 

Average appetite scores were calculated using the formula: appetite score = [desire to eat + hunger + 

(100 –fullness) + prospective consumption]/4.  

There was no difference in AA among the treatment at the baseline (0 min, P>0.05). There was, however, 

an effect of time (P<0.0001), treatment (P<0.0001), time by treatment interaction (P<0.0001), and 

session by treatment by time interaction (P=0.03) detected. Both S and N led to a reduced AA in 

comparison with W (P<0.0001) throughout the study. AA was decreased after S and N ingestion (15 

min), and steadily increased between 15 and 120min, and started to decrease when pizza meal was served 

at 120 min (Figure 6.4). Both S and N resulted in the similar AA score (p>0.05) over two hours (Table 

6.3) (Figure 6.4). Differences were shown between W and S, between W and N at 15 (P<0.0001), 30 

(P<0.0001), 45 (P<0.0001), 60 (P<0.0001), 90 (P<0.0001) and 120min (P=0.0001, P=0.0003) where W 

led to an increased AA score (Figure 6.4). In addition, there was an effect of a treatment on the mean 

AA over two hours (P<0.0001) (Table 6.3) (Figure 6.5) and AA tAUC (P<0.0001) (Table 6.3) (Figure 

6.5), where two-hour mean AA (Figure 6.5) and tAUC were decreased after S and N, compared with W 

(P<0.0001) (Table 6.3) (Figure 6.6). 
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Figure 6.4: Average Appetite Score over Two hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc 

test. Values with different superscript letters are significantly different (P≤0.05). 

 

Table 6.3: Subjective Appetite Measures over Two Hours 

Subjective Appetite N S W 

AA (VAS, mm) 46.6 ± 24.7a 47.0 ± 23.1a 66.9 ± 25.8b 

DTE (VAS, mm) 46.7 ± 27.9a 49.5 ± 27.6a 66.8 ± 28.1b 

Hunger (VAS, mm) 41.4 ± 28.3a 41.0 ± 25.3a 64.7 ± 29.6b 

Fullness (VAS, mm) 50.1 ± 27.9a 51.9 ± 26.7a 29.8 ± 28.8b 

PFC (VAS, mm) 47.2 ± 26.6a 48.6 ± 26.3a 65.5 ± 26.8b 

tAUC AA (mm × min) 5980.4 ± 2112.8a 6022.5 ± 1900.3a 8982.3 ± 1981.9b 

tAUC DTE (mm × min) 6112.2 ± 2560.8a 6505.7 ± 2521.5a 8905.5 ± 2412.3b 

tAUC Hunger (mm × min) 5292.4 ± 2500.3a 5204.6 ± 1968.9a 8696.4 ± 2470.0b 

tAUC Fullness (mm × min) 5603.0 ± 1958.43a 5896.3 ± 1897.8a 2592.5 ± 1875.6b 

tAUC PFC (mm × min) 6117.8 ± 2512.8a 6235.8 ± 2432.3a 8828.1 ± 1987.8b 

Means ± SD, n=30. Two-way ANOVA with Tukey Kramer post-hoc test. Values with different superscript letters are 

significantly different (P≤0.05). Abbreviations: AA, average appetite; DTE, desire to eat; PFC, prospective food consumption; 

tAUC, total area under the curve; VAS, visual analogue scale. 
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Figure 6.5: Subjective Appetite Measures over Two Hours. Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). Abbreviations: PFI, Prospective 

food intake. 

 

 

 
Figure 6.6: Two-hour Postprandial tAUC Subject Appetite Measures. Means ± SD, n=30. One-way ANOVA with a Tukey 

Kramer post-hoc test. Values with different superscript letters are significantly different (P≤0.05). Abbreviations: PFI, 

Prospective food intake. 
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6.3.2 Desire to eat (DTE) 

There was no difference in DTE at baseline (0 min, P>0.05) between the treatments. There was an effect 

of a treatment (P<0.0001), time (P<0.0001), a treatment by time interaction (P<0.0001), and a session 

by treatment interaction (P=0.01) on DTE throughout the session. Both S and N showed similar DTE 

suppression abilities (P>0.05) and resulted in reduced DTE over two hours compared with W (P<0.05). 

DTE was suppressed after the ingestion of S and N at 15 min, and was gradually increasing between 30 

and 120 min, and was suppressed after ad libitum FI at 120 min (Figure 6.7). There was an effect of a 

session on DTE (P=0.05); however, the post-hoc analysis did not find any pairwise differences between 

the sessions (P>0.05). There was an effect of a treatment on the mean DTE over two hours (P<0.0001) 

(Table 6.3) (Figure 6.5) and DTE tAUC (P<0.0001) (Table 6.3) (Figure 6.6). Two-hour mean DTE 

(Figure 6.5) and tAUC (Figure 6.6) were reduced after S and N, compared with W (P<0.0001) (Table 

6.3).  

 

 

Figure 6.7: Desire to Eat over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test. 

Values with different superscript letters are significantly different (P≤0.05). 
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6.3.3 Hunger 

There was no difference in perceived level of hunger at baseline (0 min, P>0.05) between the treatments. 

There was a treatment (P<0.0001), time (P<0.0001), and time by treatment interactions (P<0.0001) effect 

shown on hunger ratings over two hours. Hunger scores fell immediately following S and N consumption 

and continued to rise from 15 min until the pizza meal was served at 120 min (Figure 6.8). Both S and 

N suppressed subjective hunger compared to W (P<0.0001). The hunger suppression ability between S 

and N was not different at any time point (P>0.05). Similar with DTE, there was an effect of a treatment 

on the mean hunger over two hours (P<0.0001) and hunger tAUC (P<0.0001). Two-hour mean hunger 

(Table 6.3) (Figure 6.5) and tAUC (Table 6.3) (Figure 6.6) were reduced after S and N, compared with 

W (P<0.0001). 

 

Figure 6.8: Hunger over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test. Values 

with different superscript letters are significantly different (P≤0.05). 
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6.3.4 Fullness 

Fullness scores were similar at baseline (0 min, P>0.05) among three treatments. An effect of time 

(P<0.0001), treatment (P<0.0001), and time by treatment integration (P<0.0001) was observed on 

fullness ratings over two hours. Fullness scores increased immediately following the S and N 

consumption and decreased gradually after the treatments were consumed (Figure 6.9). In comparison 

with W, S and N both showed higher fullness ratings at 15 (P<0.0001), 30 (P<0.0001), 45 (P<0.0001), 

60 (P<0.0001), 90 (P<0.0001) and 120min (P<0.0001, P=0.0019, respectively) (Figure 6.9). There was 

no difference in fullness score detected S and N at any time point. Additionally, there was an effect of a 

treatment on the mean fullness over two hours (P<0.0001) (Table 6.3) (Figure 6.5) and fullness tAUC 

(P<0.0001) (Table 6.3) (Figure 6.6), where two-hour mean fullness and tAUC were increased after S 

and N, compared with W (P<0.0001). 

 
Figure 6.9: Fullness over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test. Values 

with different superscript letters are significantly different (P≤0.05). 
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6.3.5 Prospective food consumption (PFC) 

There was no difference in PFC at baseline (0 min, P>0.05) between the treatments. There was an effect 

of time (P<0.0001), treatment (P<0.0001), time by treatment interaction (P<0.0001), session by treatment 

interaction (P=0.04), session by treatment by time interactions (P=0.05) observed over two hours. PFC 

scores fell immediately after S and N and steadily increased over 120 minutes (Figure 6.10). No 

difference was shown between the two caloric treatments (P>0.05). No difference was shown between S 

and N for PFC scores at any time point (Figure 6.10). However, differences detected between W and S, 

between W and N where W resulted in a higher PFC ratings at 15 (P<0.0001, P=0.0005), 30 (P=0.0037, 

P<0.0001), 45 (P<0.0001), 60 (P<0.0001), 90 (P=0.0002, P=0.0012) and 120min (P=0.0023, P=0.0119) 

(Figure 6.10). Moreover, there was an effect of a treatment on the mean PFC over two hours (p<0.0001) 

(Table 6.3) (Figure 6.5) and fullness tAUC (P<0.0001) (Table 6.3) (Figure 6.6), where two-hour mean 

fullness and tAUC were decreased after S and N, compared to W (P=0.02). In addition, there was an 

effect of session (P=0.02), session by treatment interaction (P=0.02) observed for tAUC of PFC where 

session two showed a higher tAUC value than session one (P=0.02). 

 
Figure 6.10: PFC over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test. Values with 

different superscript letters are significantly different (P≤0.05). 
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6.3.6 Satiety quotient 

The satiety quotient (SQ) for each appetite sensation (AS) was calculated using the equation: 

SQ (mm/kcal) = [(fasting AS - mean 2-hour post meal AS) / (energy content of the treatment)] *100. 

Compared with non-seaweed treatment, SQ for DTE, hunger and PFC from seaweed treatment were 

lower, and SQ for fullness was higher (Table 6.4). However, such differences between the two groups 

were not statistically significant (DTE, P=0.5; hunger, P=0.1; fullness, P=0.8; PFC, P=0.9). 

Table 6.4: Satiety Quotient for Appetite Sensations over Two Hours 

Variables (mm/kcal) N S P value 

SQ for DTE  6.45 ± 6.97 5.28 ± 8.21 0.5 

SQ for Hunger 9.07 ± 6.97 6.68 ± 7.37 0.1 

SQ for Fullness -10.00 ± 6.71 -9.77 ± 7.36 0.8 

SQ for PFC 5.58 ± 6.72  5.36 ± 5.79  0.9 

Means ± SD, n=30. Abbreviations: SQ, satiety quotient; DTE, desire to eat; PFC, Prospective food consumption. 

6.3.6 Subjective appetite scores per 100kcal of caloric treatments 

In order to further explore whether each calorie from S (318 kcal) and N (309 kcal) has the same power 

to suppress appetite sensations, the VAS scores for each appetite measure were converted into the scores 

per 100 kcal of consumed treatments (Table 6.5). Although, per 100 kcal S showed lower DTE, hunger, 

PFI and AA scores compared with N over 2 hours, such differences were not statistically significant 

(DTE, P>0.05; hunger, P=0.2; PFC, P=0.4, AA, P=0.1). Moreover, no treatment by time interactions for 

all appetite sensations were shown at any time point between two caloric treatments. 

Table 6.5: Subjective Appetite Scores over Two Hours (per 100kacl of caloric treatments) 

Scores (mm VAS) N S 

DTE 15.1 ± 8.0 15.0 ± 8.4 

Hunger 13.4 ± 9.1 12.4 ± 7.7 

Fullness 16.2 ± 9.0 15.7 ± 8.1 

PFC 15.2 ± 8.6 14.7 ± 8.0 

AA  15.0 ± 8.0 14.3 ± 7.0 

Means ± SD, n=30. Abbreviations: DTE, desire to eat; PFC, Prospective food consumption; AA, Average appetite. 
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6.4 Energy, Fatigue, Physical Comfort and Thirst over Two Hours 

6.4.1 Energy 

There was a treatment effect observed on perceived energy level (P=0.006). Compared with W, S resulted 

in a higher perceived energy level (P=0.005) (Table 6.6). There was also a time effect observed on energy 

level (P<0.0001), with energy scores being lower at all time points prior to the pizza meal in comparison 

with energy scores after the pizza meal (Figure 6.11). No differences in perceived energy levels were 

shown neither between N and S (P=0.6) nor between N and W (P=0.09). In addition, no treatment by 

time interaction effect was observed on perceived energy levels (P=0.07). 

Table 6.6: Subjective Energy, Fatigue, Physical Comfort and Thirst over Two Hours 

Measures  N S W 

Energy (mm VAS) 66.0 ± 20.2ab 69.2 ± 18.6a 59.6 ± 22.1b 

Fatigue (mm VAS) 28.6 ± 19.9a 30.5 ± 20.6ab 35.7 ± 20.3b 

Nausea (mm VAS) 5.9 ± 15.2 4.0 ± 9.9 3.6 ± 9.7 

Gas (mm VAS) 4.6 ± 10.2 6.1 ± 12.8 6.2 ± 14.7 

Stomach pain (mm VAS) 4.1 ± 9.3 3.7 ± 7.9 6.0 ± 13.2 

Wellness (mm VAS) 75.1 ± 26.1 74.8 ± 25.2 70.1 ± 26.6 

Diarrhea (mm VAS) 3.4 ± 11.2 3.0 ± 9.8 2.3 ± 7.6 

Thirst (mm VAS) 42.6 ± 28.8 44.3 ± 29.0 31.2 ± 27.9 

Means ± SD, n=30. Two-way ANOVA with Tukey Kramer post-hoc test. Values with different superscript letters are 

significantly different (P≤0.05). Abbreviations: VAS, visual analogue scale. 
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Figure 6.11: Average Energy Score over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-

hoc test. 

6.4.2 Fatigue 

There was an effect of treatment (P=0.03) observed, where N resulted in lower ratings of fatigue 

compared with W (P=0.02) (Table 6.6). No time by treatment interaction effect was observed on fatigue 

ratings over 2 hours (P=0.07). At the same time, there was a time effect observed (P<0.0001), where 

higher perceived fatigue scores were shown prior to the treatment consumption in comparison with after 

the pizza meal (P<0.0001) (Figure 6.12). 
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Figure 6.12: Average Fatigue Score over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-

hoc test. 

6.4.3 Physical comfort   

Nausea. There was an effect of time (P=0.03) but no effect of a treatment (P=0.3) or treatment by time 

interaction (P=0.6) on perceived feeling of nausea. The scores for nausea were higher before the 

consumption of the treatments compared to the ranking at 90 min (P=0.03) and after the pizza meal 

(P=0.03) (Figure 6.13a) (Table 6.6).  

Gas. There was no time (P=0.4), treatment (P=0.6) and time by treatment interactions (P=0.97) on 

subjective ratings of flatulence (Table 6.6) (Figure 6.13b). 

Stomach pain. There was no effect of treatment (P=0.4), time (P=0.2) or time by treatment interactions 

(P=0.4) on stomach pain scores observed throughout the study (Table 6.6). Overall, participants’ 

subjective ratings on stomach pain were lower among three treatments (Figure 6.13c).  

Wellness. There was an effect of time (P=0.03) but no treatment effect (P=0.3) or time by treatment 

interaction (P=0.1) on subjective ratings of wellness. The higher wellness ratings were observed after the 

ad libitum pizza meal at 120 min compared to the earlier time points (P=0.01) (Table 6.6) (Figure 6.13d). 

Diarrhea. There were no treatment (P=0.1), time (P=0.07) or time by treatment interaction (P=0.6) 

effects observed on subjective perception of diarrhea feeling throughout the study (Table 6.6) (Figure 

6.13e). 
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(a) (b) 

  

(c) (d) 

 

(e)  

Figure 6.13: Physical Comfort over Two-hour. (a) Nausea; (b) Gas.; (c) Stomach Pain; (d) Wellness; (e) Diarrhea. Means ± 

SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test.  
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6.4.4 Thirst 

There was an effect of time (P<0.0001) but no treatment effect (P=0.1) or time by treatment interaction 

(P=0.2) on the subjective feeling of thirst. The thirst temporarily decreased following the treatments and 

continued to increase up to the pizza meal at 120 min (Table 6.6) (Figure 6.14).  

 

 

Figure 6.14: Thirst over Two Hours. Means ± SD, n=30. Two-way ANOVA with a Tukey Kramer post-hoc test. 

6.5 Relations between Variables  

All average subjective measures of appetite over 120min, including DTE, hunger, PFC and average 

appetite were associated with FI at 120min. Subjective fullness over 120 min and fullness score at 120min 

were inversely associated with FI at 120min (Table 6.7).  

The average past year’s total physical activity for participants was 7.3 ± 4.0 hours per week and equal to 

24.7 ± 11.0 metabolic equivalents (MET) per week. There was a weak positive trend for the association 

between PYTPA MET hours/week and food intake (Table 6.7). There was no relationship between food 

intake and BMI. However, there was a strong positive relationship between fat-free mass (FFM) and 

food intake (Table 6.7). 
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Table 6.7: The relationship between variables and food intake at 120 minutes. 

Variable 
Food Intake (kcal) at 

120min 
P-value 

DTE at 120min r=0.13 0.225 

DTE over 120min r=0.39* 0.0002 

Hunger at 120min r=0.14 0.197 

Hunger over 120min r=0.42* <0.0001 

Fullness at 120min r=-0.24* 0.025 

Fullness over 120min r=-0.41* <0.0001 

PFC at 120min r=0.31* 0.003 

PFC over 120min r=0.42* <0.0001 

AA at 120min r=0.23* 0.03 

AA over 120min r=0.44* <0.0001 

tAUC DTE r=0.34* 0.001 

tAUC Hunger r=0.39* <0.0001 

tAUC Fullness r=-0.39* <0.0001 

tAUC PFI r=0.38* <0.0001 

tAUC AA r=0.45* <0.0001 

SQ DTE r=-0.37* 0.004 

SQ Hunger r=-0.36* 0.005 

SQ Fullness r=0.50* <0.0001 

SQ PFC r=-0.23 0.075 

PYTPA (hours/week) r=0.17 0.117 

PYTPA (MET hours/week) r=0.20 0.059 

FFM r=0.38* 0.0003 

BMI r=0.08 0.472 

Palatability of pizza (mm, VAS) r=0.19 0.075 

Pearson Correlation Coefficients (r). *Indicates significance (P≤0.05). Abbreviations: DTE, desire to eat; PFC, Prospective 

food consumption; AA, Average appetite; SQ, satiety quotient; PYTPA, past year’s total physical activity; MET, metabolic 

equivalents; FFM, free fat mass; BMI, body mass index 
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6.7 Sensory Evaluation  

There was an effect of a treatment on pleasantness, taste, texture, saltiness, chewiness, bitterness, 

seaweed flavour, mouthfeel, flavour, aftertaste, appearance, prospective purchasing (Table 6.8). S and 

N resulted in a similar pleasantness, taste, texture, saltiness, bitterness, flavor, mouthfeel, aftertaste and 

appearance ratings (P>0.05); however, the sensory perception of both caloric treatments was different 

compared with W (P≤0.05) (Table 6.8). Although hedonic perception of chewiness was similar for S 

and N treatments, the intensity of chewing was higher with S compared to N treatments (P=0.0003). 

There was an effect of a treatment on the pleasantness of pizza meal served at 120 min (P=0.03). The 

pleasantness of pizza was lower after S compared to N and W treatments (P≤0.05) (Table 6.8). The 

sensory attributes of the treatments and the palatability of the pizza meal are illustrated below in Figures 

6.15 - 6.30. 
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Table 6.8: Sensory Evaluation of the Three Treatments 

Sensory Characteristics 
Treatments P-value 

(treatment)  

S N W 

Pleasantness (9-pt HS) 7.1 ± 1.1a 7.6 ± 1.0a 5.9 ± 1.9b P=0.0001 

Pleasantness (VAS, mm) 72.8 ± 15.5a 78.2 ± 13.6a 52.2 ± 24.4b P=0.03 

Taste (9-pt HS) 7.20 ± 1.1a 7.5 ± 0.9a 5.5 ± 1.5b P<0.0001 

Texture (9-pt HS) 6.90 ± 1.6a 7.3 ± 1.6a 5.8 ± 1.6b P=0.002 

Saltiness (9-pt HS) 6.40 ± 1.9a 6.6 ± 1.6a 5.1 ± 1.2b p<0.0001 

Saltiness (VAS, mm) 55.5 ± 22.8a 51.4 ± 20.3a 6.4 ± 17.1b p<0.0001 

Chewiness (9-pt HS) 6.9 ± 1.3a 6.8 ± 1.5a 5.1 ± 1.5b p<0.0001 

Chewiness (VAS, mm) 62.8 ± 21.0a     44.9 ± 23.9b 5.0 ± 17.4c p<0.0001 

Bitterness (VAS, mm) 14.9 ± 17.2a 16.2 ± 19.5a 4.8 ± 12.7b p=0.01 

Flavour (9-pt HS) 6.8 ± 1.5a 7.3 ± 1.5a 5.3 ± 1.3b p<0.0001 

Mouthfeel (9-pt HS) 6.7 ± 1.5ab 7.1 ± 1.3a 5.8 ± 1.7b P=0.009 

Seaweed Flavour (VAS, mm) 46.1 ± 26.6a 24.6 ± 26.6b 6.1 ± 17.3c p<0.0001 

Aftertaste (9-pt HS) 6.3 ± 1.7a 6.9 ± 1.5a 5.1 ± 1.3b p<0.0001 

Appearance (9-pt HS) 6.8 ± 1.6ab 7.0 ± 1.4a 5.8 ± 1.6b p=0.01 

Prospective Purchasing (VAS, mm) 65.5 ± 18.1a 71.9 ± 21.9a 42.0 ± 35.2b p=0.0005 

Pizza meal 

Pleasantness (VAS, mm) 72.0 ± 22.4a 77.7 ± 17.6b 79.6 ± 23.1b p=0.03 

Means ± SD, n=30. 9-point hedonic scale: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike 

slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely. One-way 

ANOVA with a Tukey Kramer post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.15: Treatment Pleasantness (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 

  

 

 

Figure 6.16: Treatment Pleasantness (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. 

Values with different superscript letters are significantly different (P≤0.05). 

 

 

 



Thesis  Tongtong Li 

 

Page 86 of 192 

 

Figure 6.17: Treatment Taste (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-

hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

 

Figure 6.18: Treatment Texture (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-

hoc test. Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.19: Treatment Saltiness (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

Figure 6.20: Treatment Saltiness (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. Values 

with different superscript letters are significantly different (P≤0.05). 
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Figure 6.21: Treatment Chewiness (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

Figure 6.22: Treatment Chewiness (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. 

Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.23: Treatment Bitterness (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. 

Values with different superscript letters are significantly different (P≤0.05). 

 

 

Figure 6.24: Treatment Flavour (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-

hoc test. Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.25: Treatment Mouthfeel (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

 
Figure 6.26: Treatment Seaweed Flavour (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc 

test. Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.27: Treatment Aftertaste (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

Figure 6.28: Treatment Appearance (9-point hedonic scale). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer 

post-hoc test. Values with different superscript letters are significantly different (P≤0.05). 
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Figure 6.29: Treatment Prospective Purchasing (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-

hoc test. Values with different superscript letters are significantly different (P≤0.05). 

 

 

Figure 6.30: Pizza Meal Pleasantness (VAS). Means ± SD, n=30. One-way ANOVA with a Tukey Kramer post-hoc test. 

Values with different superscript letters are significantly different (P≤0.05). 
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Chapter 7: Discussion  

This is the first research to investigate the satiating properties of whole Chondrus crispus seaweed. 

Including 5g of Chondrus crispus seaweed in a mixed meal lowered ad libitum FI at 120 minutes (-115 

kcal, P=0.05) compared to the omelette without additional seaweed. Notably, adding 5g of dry seaweed 

to the omelette raised the treatment's caloric content from 309 to 318 kcal (Table 4.3). Consequently, the 

cumulative FI over two hours tended to be 106 kcal lower after S than N (P=0.08). Cumulative FI after 

N increased by 186 kcal compared to cumulative FI after water control (P=0.0008). However, the 

cumulative FI after S was not significantly higher than after water control (P=0.2, Table 6.2). The caloric 

compensation after S was approximately twice higher than the caloric compensation after N (P=0.02), 

which can explain the observed difference between caloric treatments on cumulative FI. 

A Previous study conducted with 12 overweight but otherwise healthy males who consumed a 214 kcal 

seaweed-enriched bread (approximately 4g of added brown seaweed Ascophyllum nodosum) 

demonstrated a 16.4% reduction in FI four hours after seaweed-enrich bread consumption compared to 

the 214 kcal treatment with bread without added seaweed [238]. Similar amounts of seaweed were 

employed in the present study (5g) and ad libitum pizza meal was served in two hours. A reduction of 

12.3% in FI was observed after S compared with N. While, there was no effect on ad libitum FI observed 

at 200 minutes in a different study with 20 healthy male and female participants, where 5g of whole 

brown seaweeds Laminaria digitata or Undaria pinnatifida or 5g of pea protein were served with starchy 

drink (30g of starch, 22 g sugar-free lemonade powder, 150 ml, 120-128 kcal) and 500 ml of water [235]. 

The primary difference in the present investigation was the nature of the test meals and the timing of ad 

libitum FI. Consequently, the omelette with added seaweeds represents a solid food while the starchy 

drink served with brown seaweed was a liquid meal [235]. It has been shown that a liquid food has a 

lower satiating efficiency than a solid food, mainly owing to their rapid consumption rate (>200g/min 

for liquid, and <100g/min for solid food) and oral processing [280]. Another variable that might have 

affected ad libitum FI in the study with 5g of L. digitata and U. pinnatifida was that the seaweeds were 

provided with the liquid meal but not as part of it [235]. It has been shown that adding water to the 

preload increased fullness and reduced hunger and subsequent energy intake at lunch while the same 

amount of water served as a beverage with food had no effect on satiety [281]. Finally, the time of ad 
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libitum meals is also an essential aspect. In the present study, ad libitum meal was served at 120 min, and 

the average appetite score did not return to its initial level (Figure 6.4). However, in the study with L. 

digitata and U. pinnatifida, FI was assessed at 200 min while the satiety and fullness scores returned to 

the baseline level after 90-130 min, which might explain the absence of the effect of seaweed treatments 

on FI [235]. The observed differences in ad libitum FI from the current study between S and N may be 

explained by the increased perceived chewiness of S compared to N, and a reduced perceived 

pleasantness of pizza meal after S compared to N. The present study investigated both the hedonic and 

sensory intensity of the treatments in relations to their texture. Thus, there was a comparable hedonic 

perception of food texture, mouthfeel and chewiness between S and N (P>0.05); however, the intensity 

of chewiness was approximately 40% higher after S compared to N (P=0.0003). The relationship between 

oral processing and satiety was revealed in the research examining the impact of varying amounts of 

wheat bran added to extrusion-cooked cassava-soy porridge [282]. The intake of porridge containing a 

higher dosage of bran was related to a greater number of bites and a slower eating rate, which led to a 

longer oro-sensory exposure and a greater decrease of subjective hunger compared to products containing 

a lower dose of bran [282]. A systematic review and meta‐analysis indicates that food viscosity and 

textural complexity impact subjective appetite and FI [283]. Due to their high viscosity and gelling 

capabilities, seaweed polysaccharides such as alginate, agar, and carrageenan alter the textural 

characteristics of food [166]. Chondrus crispus is a rich source of carrageenan, which can bind water to 

form gels [169]. It has been demonstrated that foods/beverages that were harder, chunkier, thicker and 

more solid resulted in less energy consumed [284]. As shown above in the study with porridge and added 

wheat bran [282], the hard, chewy, crunchy and less moist/lubricated foods need more chewing and are 

kept longer in the oral than liquids or soft foods. These differences in oral processing behaviour 

profoundly impact food and energy intake [285]. In a meta-analysis of the impact of chewing, 10 of 16 

investigations revealed that increased chewing reduced subsequent food intake [286]. While the current 

study results reflect the effect of whole dried Chondrus crispus used as an ingredient in a mixed meal, it 

may not reflect the effect of other forms of seaweeds with various degrees of their particle size or 

rehydration as their oro-sensory characteristics would differ from those of dried seaweeds. 
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The findings supported the hypothesis of the current study that consuming a meal formulated with 

seaweed would reduce subjective appetite over two hours. Compared to W, both S and N significantly 

reduced desire to eat, hunger, prospective food consumption and increased fullness, resulting in lower 

average appetite scores compared to W. Moreover, the 2-hour tAUC for all appetite parameters was 

significantly greater after W than after S and N. No significant difference between S and N was detected, 

indicating that both caloric treatments suppressed appetite over two hours. As discussed above, the 

subjective appetite remained suppressed at 120 min and did not return to the baseline level suggesting 

that it would be essential to examine the effect of the treatments on subjective appetite beyond two hours. 

In the present study, ad libitum FI was associated with DTE, hunger and PFC, and inversely associated 

with fullness over 2 hours (Table 6.7). Similarly, ad libitum FI was inversely associated with SQ for 

DTE, hunger and PFC, and positively associated with fullness (Table 6.7). There was no difference in 

SQ for appetite sensations between N and S (Table 6.4). Adding Chondrus crispus seaweed to the 

omelette meal did not cause any adverse effects on the perceived level of physical comfort, including 

energy, fatigue, diarrhea, flatulence, stomach pain and nausea (Table 6.6).   

This was the first study to examine a potential relationship between sensory and satiating properties of 

Chondrus crispus seaweed included in a mixed meal. In the present research, the amount of seaweed (5g, 

dry) added to the omelette was 2.6% per serving. The results of the current study's sensory evaluation 

were comparable to the previous study that examined the consumer acceptability of whole-wheat bread 

containing 2%, 4%, 6%, and 8% Chondrus crispus seaweed powder, where Chondrus crispus bread was 

found to be most acceptable at 2% level [144]. Increasing the level of seaweed in the food formulation 

was related to the decrease in perceived taste, texture, appearance, aroma, and overall acceptability of 

the bread. It was suggested that seaweeds should not exceed 20% of the dry weight of the meal, since 

higher amounts/concentrations either “overwhelmed” traditional recipes or altered the taste which led to 

the dish being rejected by the consumers [287]. The current study indicated that a meal containing 5g of 

whole Chondrus crispus seaweed is acceptable to consumers. All hedonic attribute mean scores fell 

between “like slightly” and “like moderately” for the meal with added seaweeds. A mean acceptability 

score of seven or above on the 9-pt HS is considered significant quality [288]. Therefore, the perception 

of taste and pleasantness for the meal with added seaweed was 7.2 and 7.1 pts, respectively (Table 6.8). 



Thesis  Tongtong Li 

 

Page 96 of 192 

The other hedonic attributes such as perceived texture, chewiness, flavour, mouthfeel and appearance 

were between 6.5 and 7.0 pts, whereas the hedonic perception of saltiness and aftertaste were between 

6.0 and 6.5 pts (Table 6.8). On the 9-pt hedonic scale, it was assumed 1-pt difference between the 

treatments was a meaningful indicator of sensory acceptance. To detect 0.5 pt difference (α=0.05, β=0.8), 

a sample size of 93 participants would be needed, which is consistent with the other findings suggesting 

a sample size of 40 participants was required to detect 0.6 pt difference on 9-pt HS [289]. 

The decision to use an omelette as a vehicle for seaweeds was based on its popularity in Canada and its 

easiness of preparation. Thus, Dietitians of Canada developed the resources such as Healthy Eating 

Guidelines for eating out [290], or for people with chewing disorders [291], or the examples of 

Mediterranean diet menus [292], or the menus for gluten-free eating [293] using the omelette as one of 

the foods that could be prepared and modified (e.g., by adding vegetables) by consumers without specific 

cooking skills required. The pleasantness of omelette meal with added seaweed assessed with 100mm 

VAS was 72.8±15.5 mm and was close to the mean palatability of commercial pizza of 76.4±19.3 mm 

(Table 6.8). This fact indicates a high level of acceptability for the meal with added seaweeds given that 

pizza is one of the most popular and staple foods in Canada chosen by 81% of consumers at least once a 

month [294]. The hedonic perception of both omelette meals with and without added seaweeds fell within 

the same range reaching the difference of 0.1-0.6 on 9-pt HS (P>0.05, Table 6.8). Although the 

treatments were blinded to participants, the perception of seaweed flavour in the treatment with S was 

almost twice higher than in the treatment with N (P=0.0005). Interestingly, the participants perceived the 

seaweed flavour in the omelette without added seaweed, but barely sensed the seaweed flavour in the 

water control (Table 6.8). The increased sense of seaweed flavour did not affect the hedonic perception 

of flavour, which was 6.8±1.5 and 7.3±1.5 pts for S and N, respectively. Surprisingly, the addition of 

seaweeds which contain 220 mg of sodium to the omelette did not result in increased perception of 

saltiness. This could be potentially explained by the delayed release of sodium from the food matrix 

during oral processing [295]. The addition of seaweeds to the omelette did not increase bitterness, and 

while it required more mastication, as measured by the VAS for chewiness intensity, the hedonic 

perception of chewiness was comparable between the meals with and without additional seaweeds (Table 
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6.8). Similarly to the omelette without additional seaweeds, the omelette with 5g of dried seaweed had a 

high likelihood of being purchased, demonstrating its favourable sensory perception (Table 6.8). 

There was a tendency in the relationship between perceived pizza pleasantness and ad libitum FI (r=0.19, 

P=0.07). Unexpectedly, a difference was seen between treatments in the palatability of pizza delivered 2 

hours after treatment. Previous studies using a similar preload design and the assessment of ad libitum 

FI at 120 min did not detect the effect of a treatment on the pleasantness of the pizza meal at 120 min 

[262,296,297]. However, in the present study, ad libitum FI of pizza meal at 120 min after S showed 

lower palatability compared to N (-5.7mm, P=0.02) and W (-7.6mm, P=0.04). Although it is known that 

the palatability of the test food affects satiation but not satiety [298], both caloric treatments used in the 

present study had similar pleasantness (>7 pt on 9-pt HS, Table 6.8). It is unclear whether the intake of 

a meal with added seaweed could program the lower perception of pleasantness of a subsequent meal 

two hours post-ingestion via the gut-brain axis. A study with mice demonstrated the involvement of 

vasoactive intestinal peptide–expressing interneurons in the infralimbic and prelimbic divisions of the 

medial prefrontal cortex in reducing the intake of high-calorie palatable food but not for low-calorie 

rodent chow [299]. However, it is unclear whether the ingestion of seaweed can trigger such or similar 

mechanisms of neural control of FI. 

In general, seaweed is an excellent source of iodine [300]. Five grams of Chondrus crispus used in the 

current study contained 660mcg of iodine (Table 4.3). Canadian Health Measures Survey reported a 

median urinary iodine concentration (UIC) of 1.06 µmol/L (adequate intake: UIC between 0.79 and 1.57 

µmol/L) with about 22% and 7% of Canadians aged 3 to 79 at risk for mild and moderate iodine 

deficiency, respectively [301]. In Canada, the recommended dietary allowance (RDA) for iodine intake 

for adults is 150 μg/day and the tolerable upper level (UL) is 1100 μg/day [302] while in Japan, where 

seaweed is habitually eaten, the RDA is 130 μg/day, the UL 3000 μg/day [303], and the average daily 

intake of iodine is estimated to be 1000–3000 μg [11]. The total iodine content in the omelette meal 

formulated with added 5g of Chondrus crispus and iodized table salt was below the Canadian tolerable 

UL for iodine.  

Excessive consumption of seaweed presents certain risks related to the content of iodine, sodium and 

heavy metals, such as arsenic, cadmium, lead, and mercury [194]. Although, adding 5g of Chondrus 
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crispus seaweeds to a meal increased the sodium content by 220 mg (Table 4.3), it was estimated that 

the replacing up to 10% of food with seaweed-derived products would not have any adverse effects such 

as elevated sodium intake or exposure to heavy metals [304]. Similarly, another report indicates no 

meaningful contribution to dietary intake of sodium when considering a daily portion of 5 g (dry weight) 

of 17 brown seaweed and 17 red seaweed food products sourced from China, Japan, and South Korea 

[305].  

There are several limitations that need to be addressed. The study was conducted with males only to 

eliminate a possible effect of sex and gender on sensory perception, satiety and food intake. While the 

study was employing the preload design using a fixed amount of the treatment, the effect of an ad libitum 

consumption of a mixed meal formulated with Chondrus crispus on satiation and satiety beyond 2-hour 

time frame is yet to be determined. Finally, the investigation of the effect of seaweed on gastric emptying 

rate may help to mechanistically explain the effect of seaweed on short-term food intake.  
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Chapter 8: Summary and Implications for Future Research  

The current study, to the researcher's best knowledge, is the first attempt to investigate the effects of the 

addition of Chondrus crispus seaweed to food on satiety and short-term food intake. The addition of 5g 

of Chondrus crispus seaweed into omelette led to reduced ad libitum FI with pizza meal at 120 min 

compared to the omelette without added seaweed. Such difference possibly could be due to increased 

mastication of the food with added seaweed, and a lower sensory acceptance of a subsequent meal. 

Additionally, the results supported that consuming a meal formulated with or without seaweed would 

reduce subjective appetite over two hours. The results of this study will help to better understand the 

sensory perception of foods formulated with seaweed and their physiological effect related to satiety and 

physical comfort. The contribution of this research will help in the development of new food products 

with domestically produced seaweed with positive hedonic perceptions. 

The study was conducted with males only; however, a carefully designed study with females taken into 

the consideration with the factors (e.g., menstrual cycle phase) affecting study outcomes need to be 

conducted. While the study was focused on sensory perception, satiety and food intake, the metabolic 

measurements, including blood glucose response over two hours were not performed. A new study 

designed to measure blood glucose biomarkers as well as gastric emptying rate may help to 

mechanistically explain the effect of seaweed on short-term food intake. In addition, precise chemical 

composition measurements of seaweed are necessary to thoroughly investigate the health-promoting 

properties of Chondrus crispus seaweed or seaweed in general.  

Generally, seaweed is considered as a novel food ingredient by many. Although previous studies revealed 

that seaweed, a new food additive, showed great acceptability among customers, the sensory evaluation 

of food products formulated with Chondrus crispus seaweed remains under-investigated. More studies 

assessing the palatability of food formulated with seaweeds are needed to help gather a conclusive 

understanding of how seaweeds are liked by Canadian consumers. 
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Conclusion  

Adding 5g of dried whole Chondrus crispus to a meal results in acceptable sensory characteristics, high 

physical comfort, reduced subjective appetite and food intake suppression possibly due to increased 

mastication of the food with added seaweed, and a lower sensory acceptance of a subsequent meal. 

  



Thesis  Tongtong Li 

 

Page 101 of 192 

Reference: 

1.  FAO. The global status of seaweed production, trade and utilization. FAO Globefish Res 

Program 2018;124:120.  

2.  Pereira L, Critchley AT, Amado AM, Ribeiro-Claro PJA. A comparative analysis of 

phycocolloids produced by underutilized versus industrially utilized carrageenophytes 

(Gigartinales, Rhodophyta). J Appl Phycol 2009;21:599–605.  

3.  Zemke-White WL, Ohno M. World seaweed utilisation: An end-of-century summary. J Appl 

Phycol 1999;11:369–76.  

4.  FAO. FAO Yearbook. Fishery and Aquaculture Statistics 2018/FAO annuaire. Statistiques des 

pêches et de l’aquaculture 2018/FAO anuario. Estadísticas de pesca y acuicultura 2018 

[Internet]. Rome; 2020. Available from: 

https://search.proquest.com/docview/2292033886/C988274784D54153PQ/2?accountid=27804 

5.  FAO. The State of World Fisheries and Aquaculture 2018 - Meeting the sustainable 

development goals. Food and Agriculture Organization of the United Nations (FAO), Rome. 

2018. 1–227 p.  

6.  Chopin T, Ugarte R. Chapter 27: The seaweed resources of eastern Canada. Seaweed Resources 

of the World. [Internet] Japan International Cooperation Agency; 2006. p. 273–302. Available 

from: 

http://www.unbsj.ca/sase/biology/chopinlab/articles/files/2006.SeaweedResourcesofCanada-

optimized.pdf 

7.  McHugh DJ. Seaweeds uses as Human Foods [Internet]. A Guide to the Seaweed Industry. 2003. 

105 p. Available from: http://sci-hub.cc/http://www.sidalc.net/cgi-

bin/wxis.exe/?IsisScript=FAONI.xis&method=post&formato=2&cantidad=1&expresion=mfn=0

00376 

8.  Pereira L. A review of the nutrient composition of selected edible seaweeds. Seaweed: Ecology, 

Nutrient Composition and Medicinal Uses. 2011. p. 15–47.  

9.  Brown EM, Allsopp PJ, Magee PJ, Gill CI, Nitecki S, Strain CR, Mcsorley EM. Seaweed and 

human health. Nutr Rev 2014;72:205–16.  



Thesis  Tongtong Li 

 

Page 102 of 192 

10.  Markou K, Georgopoulos N, Kyriazopoulou V, Vagenakis AG. Iodine-induced hypothyroidism. 

Thyroid 2001;11:501–10.  

11.  Zava TT, Zava DT. Assessment of Japanese iodine intake based on seaweed consumption in 

Japan: A literature-based analysis. Thyroid Res 2011;4:1–7.  

12.  Jensen A. Present and future needs for algae and algal products. Fourteenth International 

Seaweed Symposium. Springer; 1993. p. 13–23.  

13.  Murai U, Yamagishi K, Kishida R, Iso H. Impact of seaweed intake on health. Eur J Clin Nutr 

[Internet] Springer US; 2020;75:877–889. Available from: http://dx.doi.org/10.1038/s41430-

020-00739-8 

14.  Wan-Loy C, Siew-Moi P. Marine algae as a potential source for anti-obesity agents. Mar Drugs 

2016;14:1–19.  

15.  Georg Jensen M, Kristensen M, Belza A, Knudsen JC, Astrup A. Acute effect of alginate-based 

preload on satiety feelings, energy intake, and  gastric emptying rate in healthy subjects. 

Obesity (Silver Spring) United States; 2012;20:1851–8.  

16.  Odunsi ST, Vázquez-Roque MI, Camilleri M, Papathanasopoulos A, Clark MM, Wodrich L, 

Lempke M, McKinzie S, Ryks M, Burton D, et al. Effect of alginate on satiation, appetite, 

gastric function, and selected gut satiety hormones in overweight and obesity. Obesity 

2010;18:1579–84.  

17.  Ortiz J, Romero N, Robert P, Araya J, Lopez-Hernández J, Bozzo C, Navarrete E, Osorio A, 

Rios A. Dietary fiber, amino acid, fatty acid and tocopherol contents of the edible seaweeds Ulva 

lactuca and Durvillaea antarctica. Food Chem 2006;99:98–104.  

18.  Chopin T, Tacon AGJ. Importance of Seaweeds and Extractive Species in Global Aquaculture 

Production. Rev Fish Sci Aquac 2021;29:139–48.  

19.  Public Health Agency of Canada. Chronic Diseases [Internet]. Government of Canada. 2013. 

Available from: https://cbpp-pcpe.phac-aspc.gc.ca/chronic-diseases/ 

20.  Public Health Agency of Canada. Prevalence of Chronic Diseases Among Canadian Adults. 

Government of Canada. 2016.  

21.  Montague T, Nemis-White J, Aylen J, Torr E, Martin L, MacPherson N, Gogover A. Chronic 



Thesis  Tongtong Li 

 

Page 103 of 192 

Diseases in Canada : Contemporary Burden and Management. Heal Care Canada 2019;1–10.  

22.  World Health Organization. Fact Sheets: Cardiovascular diseases. [Internet]. WHO. 2021. 

Available from: https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-

(cvds) 

23.  Health Canada. Report From the Canadian Chronic Disease Surveillance System: HEART 

DISEASE IN CANADA, 2018. Public Health Agency of Canada. 2018.  

24.  Rippe JM, Angelopoulos TJ. Lifestyle Strategies for Cardiovascular Risk Reduction. Curr 

Atheroscler Rep 2014;16:1–7.  

25.  World Health Organization. Fact Sheets: Cancer [Internet]. WHO. Available from: 

https://www.who.int/news-room/fact-sheets/detail/cancer 

26.  Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M, Znaor A, Soerjomataram I, Bray F. 

Global Cancer Observatory: Cancer Today. Lyon, France: International Agency for Research on 

Cancer. Lyon, France: International Agency for Research on Cancer. 2020.  

27.  Statistics Canada. Table 102-0561 - Leading causes of death, total population, by age group and 

sex, Canada, annual, CANSIM (database). Available from: http://www5.statcan.gc.ca/cansim/ 

a26?lang=eng&id=1020561 

28.  Health Canada. Fact sheet: Cancer in Canada. Public Heal Agency Canada [Internet] 2018; 

Available from: https://www.canada.ca/en/public-health/services/publications/diseases-

conditions/fact-sheet-cancer-canada.html 

29.  Xie L, Semenciw R, Mery L. Cancer incidence in Canada: Trends and projections (1983–2032). 

Heal Promot chronic Dis Prev Canada Res policy Pract 2015;35:1.  

30.  Brenner DR, Poirier A, Woods RR, Ellison LF, Billette JM, Demers AA, Zhang SX, Yao C, 

Finley C, Fitzgerald N, et al. Projected estimates of cancer in Canada in 2022. CMAJ 

2022;194:E601–7.  

31.  Canadian Best Practices Portal. Chronic Diseases: Cancer [Internet]. Public Health Agency of 

Canada. 2016. Available from: https://cbpp-pcpe.phac-aspc.gc.ca/chronic-diseases/cancer/ 

32.  World Health Organization. Fact Sheets: Obesity and overweight [Internet]. WHO. 2021. 

Available from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight 



Thesis  Tongtong Li 

 

Page 104 of 192 

33.  Al-Quwaidhi AJ, Pearce MS, Sobngwi E, Critchley JA, O’Flaherty M. Trends and future 

projections of the prevalence of adult obesity in Saudi Arabia, 1992-2022. East Mediterr Heal J 

2014;20.  

34.  Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mullany EC, Biryukov S, 

Abbafati C, Abera SF, et al. Global, regional, and national prevalence of overweight and obesity 

in children and adults during 1980-2013: A systematic analysis for the Global Burden of Disease 

Study 2013. Lancet 2014;384:766–81.  

35.  Statistics Canada. Health facts sheets: Overweight and obese adults, 2018 [Internet]. 2019. 

Available from: https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00005-eng.htm 

36.  Déléris P, Nazih H, Bard JM. Seaweeds in Human Health. Seaweed in Health and Disease 

Prevention. 2016. p. 149–67.  

37.  Shannon E, Abu-Ghannam N. Seaweeds as nutraceuticals for health and nutrition. Phycologia 

2019;58:563–77.  

38.  Public Health Agency of Canada. Diabetes in Canada: Highlights from the Canadian Chronic 

Disease Surveillance System. 2013; Available from: https://www.canada.ca/en/public-

health/services/publications/diseases-conditions/diabetes-canada-highlights-chronic-disease-

surveillance-system.html 

39.  Public Health Agency of Canada. Fast facts about diabetes: Data compiled from the 2011 Survey 

on Living with Chronic Diseases in Canada [Internet]. Public health agency of Canada. 2011. 

Available from: http://www.phac-aspc.gc.ca/cd-mc/publications/diabetes-diabete/facts-figures-

faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf 

40.  Public Health Agency of Canada. Twenty Years of Diabetes Surveillance using the Canadian 

Chronic Disease Surveillance System [Internet]. 2019. Available from: 

https://www.canada.ca/en/public-health/services/publications/diseases-conditions/20-years-

diabetes-surveillance.html 

41.  Public Health Agency of Canada. Diabetes in Canada in Review , 2021 [Internet]. 2021. 

Available from: https://www.canada.ca/content/dam/phac-

aspc/documents/services/publications/diseases-conditions/diabetes-canada-review-



Thesis  Tongtong Li 

 

Page 105 of 192 

2021/diabetes-canada-review-2021.pdf 

42.  World Health Organization. Fact Sheets: Diabetes [Internet]. WHO. 2021. Available from: 

https://www.who.int/news-room/fact-sheets/detail/diabetes 

43.  Ransom T, Goldenberg R, Mikalachki A, Prebtani APH, Punthakee Z. Reducing the Risk of 

Developing Diabetes. Can J Diabetes 2013;37:S16–9.  

44.  Daliri EB-M, Lee BH. Current Trends and Future Perspectives on Functional Foods and 

Nutraceuticals. Beneficial microorganisms in food and nutraceuticals. Springer; 2015. p. 221–

44.  

45.  Hailu G, Boecker A, Henson S, Cranfield J. Consumer valuation of functional foods and 

nutraceuticals in Canada. A conjoint study using probiotics. Appetite 2009;52:257–65.  

46.  Agriculture and Agri-Food Canada. Opportunities and Challenges Facing the Canadian 

Functional Foods and Natural Health Products Sector. 2014; Available from: 

http://www.agr.gc.ca/eng/industry-markets-and-trade/food-regulations/food-policy-and-

regulatory-issues/reports-and-resources/opportunities-and-challenges-facing-the-canadian-

functional-foods-and-natural-health-products-sector/?id=1410206902299 

47.  Karelakis C, Zevgitis P, Galanopoulos K, Mattas K. Consumer Trends and Attitudes to 

Functional Foods. J Int Food Agribus Mark 2020;32:266–94.  

48.  Duncan AM, Dunn HA, Stratton LM, Vella MN. Translating knowledge into dietetic practice: A 

functional foods for healthy aging toolkit. Appl Physiol Nutr Metab 2014;39:600–3.  

49.  Granato D, Barba FJ, Bursać Kovačević D, Lorenzo JM, Cruz AG, Putnik P. Functional Foods: 

Product Development, Technological Trends, Efficacy Testing, and Safety. Annu Rev Food Sci 

Technol 2020;11:93–118.  

50.  Bogue J, Collins O, Troy AJ. Market analysis and concept development of functional foods. 

Developing New Functional Food and Nutraceutical Products. Elsevier; 2017. p. 29–45.  

51.  Baker MT, Lu P, Parrella JA, Leggette HR. Consumer Acceptance toward Functional Foods: A 

Scoping Review. Int J Environ Res Public Health 2022;19:1217.  

52.  Van Kleef E, Van Trijp HCM, Luning P. Functional foods: Health claim-food product 

compatibility and the impact of health claim framing on consumer evaluation. Appetite 



Thesis  Tongtong Li 

 

Page 106 of 192 

2005;44:299–308.  

53.  Verbeke W, Scholderer J, Lähteenmäki L. Consumer appeal of nutrition and health claims in 

three existing product concepts. Appetite 2009;52:684–92.  

54.  El Khoury D, Goff HD, Anderson GH. The role of alginates in regulation of food intake and 

glycemia: A gastroenterological perspective. Crit Rev Food Sci Nutr 2015;55:1406–24.  

55.  Camilleri M, Grudell ABM. Appetite and obesity: A gastroenterologist’s perspective. 

Neurogastroenterol Motil 2007;19:333–41.  

56.  Hainerová IA, Lebl J. Mechanisms of appetite regulation. J Pediatr Gastroenterol Nutr 

2010;51:S123-4.  

57.  Li T, Zhao M, Raza A, Guo J, He T, Zou T, Song H. The effect of taste and taste perception on 

satiation/satiety: A review. Food Funct 2020;11:2838–47.  

58.  Zanchi D, Depoorter A, Egloff L, Haller S, Mählmann L, Lang UE, Drewe J, Beglinger C, 

Schmidt A, Borgwardt S. The impact of gut hormones on the neural circuit of appetite and 

satiety: A systematic review. Neurosci Biobehav Rev 2017;80:457–75.  

59.  Hopkins M, Blundell JE. Energy balance, body composition, sedentariness and appetite 

regulation: Pathways to obesity. Clin Sci 2016;130:1615–28.  

60.  Camilleri M. Peripheral mechanisms in appetite regulation. Gastroenterology 2015;148:1219–

33.  

61.  Ahima RS, Antwi DA. Brain Regulation of Appetite and Satiety. Endocrinol Metab Clin North 

Am 2008;37:811–23.  

62.  Vuong D, Kaplan M, Lacey HJ, Crombie A, Lacey E, Piggott AM. A study of the chemical 

diversity of macroalgae from South Eastern Australia. Fitoterapia 2018;126:53–64.  

63.  Chopin T. Aquaculture comes in many shapes and fashions. Int Aquafeed 2018;21:16–7.  

64.  Singh SP, Singh P. Effect of temperature and light on the growth of algae species: A review. 

Renew Sustain Energy Rev 2015;50:431–44.  

65.  Gomez-Zavaglia A, Prieto Lage MA, Jimenez-Lopez C, Mejuto JC, Simal-Gandara J. The 

potential of seaweeds as a source of functional ingredients of prebiotic and antioxidant value. 

Antioxidants 2019;8:406.  



Thesis  Tongtong Li 

 

Page 107 of 192 

66.  Hu ZM, Fraser C. Seaweed phylogeography: Adaptation and evolution of seaweeds under 

environmental change. Seaweed Phylogeography: Adaptation and Evolution of Seaweeds under 

Environmental Change. Springer; 2016.  

67.  Chopin T. Seaweeds: the world’s largest mariculture crop. 2018;21:14–5.  

68.  FAO. The State of World Fisheries and Aquaculture 2020. Sustainability in action. FAO. Rome; 

2020.  

69.  Carras MA, Knowler D, Pearce CM, Hamer A, Chopin T, Weaire T. A discounted cash-flow 

analysis of salmon monoculture and Integrated Multi-Trophic Aquaculture in eastern Canada. 

Aquac Econ Manag [Internet] Taylor & Francis; 2020;24:43–63. Available from: 

https://doi.org/10.1080/13657305.2019.1641572 

70.  Statistics Canada. 2011 Canada Year Book [Internet]. Ottawa; 2011. Available from: 

http://www.statcan.gc.ca/search-recherche/bb/info/3000017-eng.htm 

71.  Malloch S. MARINE PLANT MANAGEMENT AND OPPORTUNITIES IN BRITISH 

COLUMBIA. 2000.  

72.  Lindop A. Seaweeds : Giant Kelp and Bull Kelp. Ocean Wise Seafood and Recommendation 

Policy. British Columbia; 2017.  

73.  Turner NJ. The ethnobotany of edible seaweed (Porphyra abbottae and related species; 

Rhodophyta: Bangiales) and its use by First Nations on the Pacific Coast of Canada. Can J Bot 

2003;81:283–93.  

74.  Garbary DJ, Bird CJ, Hymes B, Vandermeulen H. The marine macroalgae of Brier Island, Nova 

Scotia, Canada. Proc Nov Scotian Inst Sci 2019;50:61.  

75.  Yarish C, Brummett R, Hansen S, Bjerregaard R, Valderrama D, Radulovich R, Diana J, Capron 

M, Forster J, Goudey C, et al. Seaweed Aquaculture for Food Security, Income Generation and 

Environmental Health in Tropical Developing Countries. World Bank; 2016.  

76.  García-Poza S, Leandro A, Cotas C, Cotas J, Marques JC, Pereira L, Gonçalves AMM. The 

evolution road of seaweed aquaculture: Cultivation technologies and the industry 4.0. Int J 

Environ Res Public Health 2020;17:1–42.  

77.  Acadian Seaplants Limited. Pure Science , Hard Work & a Bit of Luck : How We Pioneered 



Thesis  Tongtong Li 

 

Page 108 of 192 

Land-Based Seaweed Cultivation [Internet]. 2022. Available from: 

https://www.acadianseaplants.com/land-based-seaweed-cultivation/ 

78.  Currie ME. The growing sustainable seaweed industry: A comparison of Australian state 

governance directing current and future seaweed cultivation [Internet]. Independent Study 

Project (ISP) Collection. 2018. Available from: 

https://digitalcollections.sit.edu/isp_collection/2956 

79.  Mac Monagail M, Cornish L, Morrison L, Araújo R, Critchley AT. Sustainable harvesting of 

wild seaweed resources. Eur J Phycol 2017;52:371–90.  

80.  Titlyanov EA, Titlyanova T V. Seaweed cultivation: Methods and problems. Russ J Mar Biol 

2010;36:227–42.  

81.  Pankratz S, Oyedun AO, Zhang X, Kumar A. Algae production platforms for Canada’s northern 

climate. Renew Sustain Energy Rev [Internet] Elsevier Ltd; 2017;80:109–20. Available from: 

http://dx.doi.org/10.1016/j.rser.2017.05.220 

82.  Critchley AT, Rotmann KWG, Molloy FJ. The Namibian seaweed industry: Present and 

potential. Bioresour Technol 1991;38:137–43.  

83.  Radulovich R, Neori A, Valderrama D, Reddy CRK, Cronin H, Forster J. Farming of seaweeds. 

Seaweed sustainability. Elsevier; 2015. p. 27–59.  

84.  Kazemi A, Ghorbanpour M. Introduction to environmental challenges in all over the world. 

Medicinal Plants and Environmental Challenges. Springer; 2017. p. 25–48.  

85.  Kim JK, Yarish C, Hwang EK, Park M, Kim Y. Seaweed aquaculture: Cultivation technologies, 

challenges and its ecosystem services. Algae 2017;32:1–13.  

86.  Word Bank Group. Seaweed Aquaculture for Food Security, Income Generation and 

Environmental Health in Tropical Developing Countries. Seaweed Aquaculture for Food 

Security, Income Generation and Environmental Health in Tropical Developing Countries. 

World Bank; 2016.  

87.  Hasselström L, Visch W, Gröndahl F, Nylund GM, Pavia H. The impact of seaweed cultivation 

on ecosystem services - a case study from the west coast of Sweden. Mar Pollut Bull 

2018;133:53–64.  



Thesis  Tongtong Li 

 

Page 109 of 192 

88.  Holdt SL, Edwards MD. Cost-effective IMTA: a comparison of the production efficiencies of 

mussels and seaweed. J Appl Phycol 2014;  

89.  Pechsiri JS, Thomas JBE, Risén E, Ribeiro MS, Malmström ME, Nylund GM, Jansson A, 

Welander U, Pavia H, Gröndahl F. Energy performance and greenhouse gas emissions of kelp 

cultivation for biogas and fertilizer recovery in Sweden. Sci Total Environ 2016;573:247–355.  

90.  Ellis J, Tiller R. Conceptualizing future scenarios of integrated multi-trophic aquaculture 

(IMTA) in the Norwegian salmon industry. Mar Policy 2019;104:198–209.  

91.  Roleda MY, Hurd CL. Seaweed nutrient physiology: application of concepts to aquaculture and 

bioremediation. Phycologia 2019;58:552–62.  

92.  Arumugam N, Chelliapan S, Kamyab H, Thirugnana S, Othman N, Nasri NS. Treatment of 

wastewater using seaweed: A review. Int J Environ Res Public Health 2018;15:2851.  

93.  Omori T, Otsuka K, Ishii T, Nakatani N. The basic engineering design of large-scale factory for 

culture of seaweeds aimed at water purification in coastal sea area. Program Book - OCEANS 

2012 MTS/IEEE Yeosu: The Living Ocean and Coast - Diversity of Resources and Sustainable 

Activities. 2012. p. 1–5.  

94.  Visch W, Kononets M, Hall POJ, Nylund GM, Pavia H. Environmental impact of kelp 

(Saccharina latissima) aquaculture. Mar Pollut Bull 2020;155:110962.  

95.  Leandro A, Pacheco D, Cotas J, Marques JC, Pereira L, Gonçalves AMM. Seaweed’s bioactive 

candidate compounds to food industry and global food security. Life. 2020. 1–37 p.  

96.  Ugarte RA, Sharp G. A new approach to seaweed management in Eastern Canada: The case of 

Ascophyllum nodosum. Cah Biol Mar 2001;42:63–70.  

97.  Office of Legislative Counsel of BC C. Fish and Seafood Act: Fish and Seafood Licensing 

Regulation. 2016.  

98.  Ugarte RA, Critchley A, Serdynska AR, Deveau JP. Changes in composition of rockweed 

(ascophyllum nodosum) beds due to possible recent increase in sea temperature in eastern 

Canada. J Appl Phycol 2009;21:591–8.  

99.  Cottier-Cook EJ, Nagabhatla N, Badis Y, Campbell ML, Chopin T, Fang J, He P, Hewitt CL, 

Kim GH, Huo Y, et al. Safeguarding the future of the global seaweed aquaculture industry. 



Thesis  Tongtong Li 

 

Page 110 of 192 

United Nations University and Scottish Association for Marine Science Policy Brief. United 

Nations Univ Scottish Assoc Mar Sci 2016;  

100.  Mordor Intelligence. COMMERCIAL SEAWEED MARKET - GROWTH , TRENDS , 

COVID-19 IMPACT , AND FORECAST ( 2022 - 2027 ) [Internet]. 2021. Available from: 

https://www.mordorintelligence.com/industry-reports/commercial-seaweed-

market?gclid=CjwKCAiAyfybBhBKEiwAgtB7ftCy_k9fsBZjldOYFPaseZ4G9_Myc034MDQd

8vpVj6NzbQzII9fKuRoCwa8QAvD_BwE 

101.  Chopin T, Bastarache S. Mariculture in Canada: finfish, shellfish and seaweed. World Aquac 

2004;35:37–41.  

102.  Mordor Intelligence. COMMERCIAL SEAWEED MARKET - GROWTH , TRENDS , 

COVID-19 IMPACT , AND FORECASTS ( 2021 - 2026 ). 2020;2493.  

103.  IMARC Group. Top Companies in Global Seaweed Market. 2020.  

104.  Bedford Institute of Oceanography. Commercial Seaweeds. Government of Canada. 2015.  

105.  Baker R. Should Canada be hungry to farm seaweed? National Observer. 2021;2021.  

106.  Cascadia Seaweed. About Cascadia Seaweed [Internet]. 2021. Available from: 

https://www.cascadiamotion.com/about 

107.  Mayer L. Interest growing in Canada ’ s ‘ other weed .’ Aquaculture North America. 2018;  

108.  Dillehay TD, Ramírez C, Pino M, Collins MB, Rossen J, Pino-Navarro JD. Monte Verde: 

Seaweed, food, medicine, and the peopling of South America. Science (80- ) 2008;320:784–6.  

109.  Pereira L. Seaweeds as source of bioactive substances and skin care therapy-Cosmeceuticals, 

algotheraphy, and thalassotherapy. Cosmetics 2018;5:68.  

110.  McHugh D. A guide to the seaweed industry: FAO fisheries technical paper No. 441. FAO 

Fisheries Technical Paper. 2003.  

111.  Fleurence J. Chapter 5 - Seaweeds as Food. Seaweed in Health and Disease Prevention. Nikki 

Levy; 2016. p. 149–67.  

112.  Mahadevan K. Seaweeds: A sustainable food source. Seaweed Sustainability: Food and Non-

Food Applications. 2015. p. 347–64.  

113.  Delaney A, Frangoudes K, Ii SA. Society and Seaweed: Understanding the Past and Present. 



Thesis  Tongtong Li 

 

Page 111 of 192 

Seaweed in Health and Disease Prevention. Academic Press; 2016. 7–40 p.  

114.  Abbots EJ, Lavis A. Why we eat, how we eat: Contemporary encounters between foods and 

bodies. Why We Eat, How We Eat: Contemporary Encounters between Foods and Bodies. 2016.  

115.  O’Connor K. Seaweed: a global history. Reaktion Books; 2017.  

116.  Pérez-Lloréns JL. Seaweed Consumption in the Americas. Gastronomica 2019;19:49–59.  

117.  Yoshinaga J, Morita M, Yukawa M, Shiraishi K, Kawamura H. Certified reference material for 

analytical quality assurance of minor and trace elements in food and related matrixes based on a 

typical Japanese diet: Interlaboratory study. J AOAC Int 2001;84:1202–8.  

118.  Michalak I, Chojnacka K. Seaweeds As a Component of the Human Diet. Algae Biomass: 

Characteristics and Applications. Springer Cham; 2018. p. 57–71.  

119.  de Gaillande C, Payri C, Remoissenet G, Zubia M. Caulerpa consumption, nutritional value and 

farming in the Indo-Pacific region. J Appl Phycol 2017;29:2249–66.  

120.  Nedumaran T, Arulbalachandran D. Seaweeds: A promising source for sustainable development. 

Environmental Sustainability. New Delhi: Springer; 2015. p. 65–88.  

121.  Hebbale D, Chandran MDS, Joshi N V., Ramachandra T V. Energy and Food Security from 

Macroalgae. J Biodivers 2017;8:1–11.  

122.  FAO, IFAD, UNICEF, WFP W. The State of Food Security and Nutrition in the World 2021. 

Transforming food systems for food security, improved nutrition and affordable healthy diets for 

all. [Internet]. FAQ. Rome; 2021. Available from: https://doi.org/10.4060/ca9692en 

123.  OECD-FAO. OECD-FAO Agricultural Outlook 2021–2030 [Internet]. OECD-FAO Agricultural 

Outlook 2021–2030. Paris: OECD Publishing; 2021. 337 p. Available from: 

http://dx.doi.org/10.1787/agr-outl-data-%0Ahttp://www.fao.org/documents/card/en/c/cb5332en 

124.  Bouga M, Combet E. Emergence of seaweed and seaweed-containing foods in the UK: focus on 

labeling, iodine content, toxicity and nutrition. Foods 2015;4:240–53.  

125.  Birch D, Skallerud K, Paul NA. Who are the future seaweed consumers in a Western society? 

Insights from Australia. Br Food J 2019;121:603–15.  

126.  Peinado I, Girón J, Koutsidis G, Ames JM. Chemical composition, antioxidant activity and 

sensory evaluation of five different species of brown edible seaweeds. Food Res Int 2014;66:36–



Thesis  Tongtong Li 

 

Page 112 of 192 

44.  

127.  Combet E, Ma ZF, Cousins F, Thompson B, Lean MEJ. Low-level seaweed supplementation 

improves iodine status in iodine-insufficient women. Br J Nutr 2014;112:753–761.  

128.  Grace PI, Ling LY, James Mohd Alin JE. The Influence of Consumer Characteristics on the 

Acceptance of New Seaweed Food Products. J Kemanus [Internet] 2017;8. Available from: 

https://jurnalkemanusiaan.utm.my/index.php/kemanusiaan/article/view/8 

129.  Losada-Lopez C, Dopico DC, Faína-Medín JA. Neophobia and seaweed consumption: Effects 

on consumer attitude and willingness to consume seaweed. Int J Gastron Food Sci 

2021;24:100338.  

130.  Onwezen MC, Bouwman EP, Reinders MJ, Dagevos H. A systematic review on consumer 

acceptance of alternative proteins: Pulses, algae, insects, plant-based meat alternatives, and 

cultured meat. Appetite 2021;159:105058.  

131.  Chapman AS, Stévant P, Larssen WE. Food or fad? Challenges and opportunities for including 

seaweeds in a Nordic diet. Bot Mar 2015;58:423–33.  

132.  Brayden WC, Noblet CL, Evans KS, Rickard L. Consumer preferences for seafood attributes of 

wild-harvested and farm-raised products. Aquac Econ Manag 2018;22:362–82.  

133.  Moons I, Barbarossa C, De Pelsmacker P. The Determinants of the Adoption Intention of Eco-

friendly Functional Food in Different Market Segments. Ecol Econ 2018;151:151–61.  

134.  Moss R, McSweeney MB. Do consumers want seaweed in their food? A study evaluating 

emotional responses to foods containing seaweed. Foods 2021;10:2737.  

135.  Colapinto CK, Graham J, St-Pierre S. Trends and correlates of frequency of fruit and vegetable 

consumption, 2007 to 2014. Heal Reports 2018;29:9–14.  

136.  Halton TL, Willett WC, Liu S, Manson JAE, Stampfer MJ, Hu FB. Potato and french fry 

consumption and risk of type 2 diabetes in women. Am J Clin Nutr 2006;83:284–90.  

137.  Health Canada. Canada ’ s Dietary Guidelines for Health Professionals and Policy Makers. 

Ottawa; 2019.  

138.  Pereira L. Edible Seaweeds of the World. Edible Seaweeds of the World. CRC Press; 2016.  

139.  Kadam SU, Prabhasankar P. Marine foods as functional ingredients in bakery and pasta 



Thesis  Tongtong Li 

 

Page 113 of 192 

products. Food Res Int 2010;43:1975–80.  

140.  Mouritsen OG. The science of seaweeds: marine macroalgae benefit people culturally, 

industrially, nutritionally, and ecologically. Am Sci 2013;101:458–66.  

141.  Mamat H, Matanjun P, Ibrahim S, Siti SF, Abdul Hamid M, Rameli AS. The effect of seaweed 

composite flour on the textural properties of dough and bread. J Appl Phycol 2014;26:1057–62.  

142.  Guarda A, Rosell CM, Benedito C, Galotto MJ. Different hydrocolloids as bread improvers and 

antistaling agents. Food Hydrocoll 2004;18:241–7.  

143.  Arufe S, Della Valle G, Chiron H, Chenlo F, Sineiro J, Moreira R. Effect of brown seaweed 

powder on physical and textural properties of wheat bread. Eur Food Res Technol 2018;244:1–

10.  

144.  Lamont T, McSweeney M. Consumer acceptability and chemical composition of whole-wheat 

breads incorporated with brown seaweed (Ascophyllum nodosum) or red seaweed (Chondrus 

crispus). J Sci Food Agric 2021;101:1507–14.  

145.  Prabhasankar P, Ganesan P, Bhaskar N. Influence of Indian brown seaweed (Sargassum 

marginatum) as an ingredient on quality, biofunctional, and microstructure characteristics of 

pasta. Food Sci Technol Int 2009;15:471–9.  

146.  Prabhasankar P, Ganesan P, Bhaskar N, Hirose A, Stephen N, Gowda LR, Hosokawa M, 

Miyashita K. Edible Japanese seaweed, wakame (Undaria pinnatifida) as an ingredient in pasta: 

Chemical, functional and structural evaluation. Food Chem 2009;115:501–8.  

147.  O’Sullivan AM, O’Grady MN, O’Callaghan YC, Smyth TJ, O’Brien NM, Kerry JP. Seaweed 

extracts as potential functional ingredients in yogurt. Innov Food Sci Emerg Technol 

2016;37:293–9.  

148.  O’Sullivan AM, O’Callaghan YC, O’Grady MN, Waldron DS, Smyth TJ, O’Brien NM, Kerry 

JP. An examination of the potential of seaweed extracts as functional ingredients in milk. Int J 

Dairy Technol 2014;67:182–93.  

149.  Mouritsen OG, Williams L, Bjerregaard R, Duelund L. Seaweeds for umami flavour in the New 

Nordic Cuisine. Flavour 2012;1:1–12.  

150.  Uchida M, Kurushima H, Ishihara K, Murata Y, Touhata K, Ishida N, Niwa K, Araki T. 



Thesis  Tongtong Li 

 

Page 114 of 192 

Characterization of fermented seaweed sauce prepared from nori (Pyropia yezoensis). J Biosci 

Bioeng 2017;123:327–32.  

151.  López-López I, Cofrades S, Ruiz-Capillas C, Jiménez-Colmenero F. Design and nutritional 

properties of potential functional frankfurters based on lipid formulation, added seaweed and 

low salt content. Meat Sci 2009;83:255–62.  

152.  Gamero-Vega G, Palacios-Palacios M, Quitral V. Nutritional Composition and Bioactive 

Compounds of Red Seaweed: A Mini-Review. J Food Nutr Res 2020;8:431-44-.  

153.  Bharathiraja B, Devaki P, Dheepa S, Mageshwari R, Jayamuthunagai J. Environmental Eco-

Friendly Marine Resource Macro Algae ( Seaweeds ): An Omnipotent Source for Value Added 

Products and its Applications. 2016;5:19–47.  

154.  Rioux LE, Beaulieu L, Turgeon SL. Seaweeds: A traditional ingredients for new gastronomic 

sensation. Food Hydrocoll 2017;67:255–65.  

155.  Wells ML, Potin P, Craigie JS, Raven JA, Merchant SS, Helliwell KE, Smith AG, Camire ME, 

Brawley SH. Algae as nutritional and functional food sources: revisiting our understanding. J 

Appl Phycol 2017;29:949–82.  

156.  MacArtain P, Gill CIR, Brooks M, Campbell R, Rowland IR. Nutritional Value of Edible 

Seaweeds. Nutr Rev 2007;65:535–43.  

157.  Lafarga T, Acién-Fernández FG, Garcia-Vaquero M. Bioactive peptides and carbohydrates from 

seaweed for food applications: Natural occurrence, isolation, purification, and identification. 

Algal Res 2020;48:101909.  

158.  Dadolahi-Sohrab A, Garavand-Karimi M, Riahi H, Pashazanoosi H. Seasonal variations in 

biomass and species composition of seaweeds along the northern coasts of Persian Gulf 

(Bushehr Province). J Earth Syst Sci 2012;121:241–50.  

159.  Sappati PK, Nayak B, VanWalsum GP, Mulrey OT. Combined effects of seasonal variation and 

drying methods on the physicochemical properties and antioxidant activity of sugar kelp 

(Saccharina latissima). J Appl Phycol 2019;31:1311–32.  

160.  Vilg JV, Nylund GM, Werner T, Qvirist L, Mayers JJ, Pavia H, Undeland I, Albers E. Seasonal 

and spatial variation in biochemical composition of Saccharina latissima during a potential 



Thesis  Tongtong Li 

 

Page 115 of 192 

harvesting season for Western Sweden. Bot Mar 2015;58:435–47.  

161.  McDermid KJ, Stuercke B. Nutritional composition of edible Hawaiian seaweeds. J Appl Phycol 

2003;15:513–24.  

162.  Cherry P, O’hara C, Magee PJ, Mcsorley EM, Allsopp PJ. Risks and benefits of consuming 

edible seaweeds. Nutr Rev 2019;77:307–29.  

163.  Dawczynski C, Schubert R, Jahreis G. Amino acids, fatty acids, and dietary fibre in edible 

seaweed products. Food Chem 2007;103:891–9.  

164.  MacArtain P, Gill CIR, Brooks M, Campbell R, Rowland IR. Nutritional value of edible 

seaweeds. Nutr Rev 2007;65:535–43.  

165.  Canadian Nutrient File. Seaweed, Canadian cultivated EMI-TSUNOMATA, dried / Algue 

canadienne, cultivée, EMI-TSUNOMATA, séchée. Food code: 7134. [Internet]. Government of 

Canada. 2021. Available from: https://food-nutrition.canada.ca/cnf-fce/report-rapport.do 

166.  Jiménez-Escrig A, Sánchez-Muniz FJ. Dietary fibre from edible seaweeds: Chemical structure, 

physicochemical properties and effects on cholesterol metabolism. Nutr Res 2000;20:585–98.  

167.  Kraan S. Algal Polysaccharides, Novel Applications and Outlook. In: Chang C-F, editor. 

Carbohydrates; Comprehensive studies on glycobiology and glycotechnology. 1st editio. Intech; 

2012. p. 489–532.  

168.  Rioux LE, Turgeon SL. Chapter 7: Seaweed carbohydrates. Seaweed Sustainability: Food and 

Non-Food Applications. 2015. p. 141–92.  

169.  Hotchkiss S, Brooks M, Campbell R, Philp K, Trius A. Chapter 10 The use of carrageenan in 

food. In: Pereira L, editor. Carrageenans: Sources and Extraction Methods, Molecular Structure, 

Bioactive Properties and Health Effects. Nova Science Publications Inc New York; 2016. p. 

229–43.  

170.  Health Canada. Nutrition Labelling : Table of Reference Amounts for Food [Internet]. 2016. 

Available from: https://www.canada.ca/en/health-canada/services/technical-documents-

labelling-requirements/table-reference-amounts-food/nutrition-labelling.html 

171.  Dietary Reference Intakes [Internet]. Health Canada. 2005. Available from: 

https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-eating/dietary-



Thesis  Tongtong Li 

 

Page 116 of 192 

reference-intakes/tables/reference-values-macronutrients-dietary-reference-intakes-tables-

2005.html 

172.  Health Canada. Nutrients in food: Fibre [Internet]. 2019. Available from: 

https://www.canada.ca/en/health-canada/services/nutrients/fibre.html 

173.  Fleurence J, Morançais M, Dumay J. Seaweed proteins. Proteins in Food Processing: Second 

Edition. Woodhead Publishing; 2018. p. 245–62.  

174.  Rawiwan P, Peng Y, Paramayuda IGPB, Quek SY. Red seaweed: A promising alternative 

protein source for global food sustainability. Trends Food Sci Technol 2022;123:37–56.  

175.  Echave J, Otero P, Garcia-Oliveira P, Munekata PES, Pateiro M, Lorenzo JM, Simal-Gandara J, 

Prieto MA. Seaweed-Derived Proteins and Peptides: Promising Marine Bioactives. Antioxidants 

2022;11:176.  

176.  Marrion O, Schwertz A, Fleurence J, Guéant JL, Villaume C. Improvement of the digestibility of 

the proteins of the red alga Palmaria palmata by physical processes and fermentation. Nahrung - 

Food 2003;47:339–44.  

177.  Fleurence J. The enzymatic degradation of algal cell walls: A useful approach for improving 

protein accessibility? J Appl Phycol 1999;11:313–4.  

178.  Marrion O, Fleurence J, Schwertz A, Guéant JL, Mamelouk L, Ksouri J, Villaume C. Evaluation 

of protein in vitro digestibility of Palmaria palmata and Gracilaria verrucosa. J Appl Phycol 

2005;17:99–102.  

179.  Kumar CS, Ganesan P, Suresh P V., Bhaskar N. Seaweeds as a source of nutritionally beneficial 

compounds - A review. J Food Sci Technol 2008;45:1–13.  

180.  Wong K, Chikeung Cheung P. Influence of drying treatment on three Sargassum species 2. 

Protein extractability, in vitro protein digestibility and amino acid profile of protein concentrates. 

J Appl Phycol 2001;13:51–8.  

181.  Goñi I, Gudiel-Urbano M, Saura-Calixto F. In vitro determination of digestible and unavailable 

protein in edible seaweeds. J Sci Food Agric 2002;82:1850–4.  

182.  Machado M, Machado S, Pimentel FB, Freitas V, Alves RC, Oliveira MBPP. Amino acid profile 

and protein quality assessment of macroalgae produced in an integrated multi-trophic 



Thesis  Tongtong Li 

 

Page 117 of 192 

aquaculture system. Foods 2020;9:1382.  

183.  Sánchez-Machado DI, López-Cervantes J, López-Hernández J, Paseiro-Losada P. Fatty acids, 

total lipid, protein and ash contents of processed edible seaweeds. Food Chem 2004;85:439–44.  

184.  Marinho GS, Holdt SL, Jacobsen C, Angelidaki I. Lipids and composition of fatty acids of 

Saccharina latissima cultivated year-round in integrated multi-trophic aquaculture. Mar Drugs 

2015;13:4357–74.  

185.  Simopoulos AP. An increase in the Omega-6/Omega-3 fatty acid ratio increases the risk for 

obesity. Nutrients 2016;8:128.  

186.  Balić A, Vlašić D, Žužul K, Marinović B, Mokos ZB. Omega-3 versus Omega-6 

polyunsaturated fatty acids in the prevention and treatment of inflammatory skin diseases. Int J 

Mol Sci 2020;21:741.  

187.  Patterson E, Wall R, Fitzgerald GF, Ross RP, Stanton C. Health implications of high dietary 

omega-6 polyunsaturated fatty acids. J Nutr Metab 2012;2012:539426.  

188.  Hernández-Carmona G, Carrillo-Domínguez S, Arvizu-Higuera DL, Rodríguez-Montesinos YE, 

Murillo-Álvarez JI, Muñoz-Ochoa M, Castillo-Domínguez RM. Monthly variation in the 

chemical composition of Eisenia arborea J.E. Areschoug. J Appl Phycol 2009;21:607–16.  

189.  Watanabe F, Takenaka S, Kittaka-Katsura H, Ebara S, Miyamoto E. Characterization and 

bioavailability of vitamin B12-compounds from edible algae. J Nutr Sci Vitaminol (Tokyo) 

2002;48:325–31.  

190.  Rizzo G, Laganà AS, Rapisarda AMC, La Ferrera GMG, Buscema M, Rossetti P, Nigro A, 

Muscia V, Valenti G, Sapia F, et al. Vitamin B12 among Vegetarians: Status, Assessment and 

Supplementation. Nutrients 2016;8:767.  

191.  Kumudha A, Sarada R. Characterization of vitamin B12 in Dunaliella salina. J Food Sci Technol 

2016;53:888–94.  

192.  Kumudha A, Selvakumar S, Dilshad P, Vaidyanathan G, Thakur MS, Sarada R. 

Methylcobalamin--a form of vitamin B12 identified and characterised in Chlorella  vulgaris. 

Food Chem England; 2015;170:316–20.  

193.  Takeshi S, Yumiko Y-S, Joko S. Mineral components and anti-oxidant activities of tropical 



Thesis  Tongtong Li 

 

Page 118 of 192 

seaweeds. J Ocean Univ China 2005;4:205–8.  

194.  Circuncisão AR, Catarino MD, Cardoso SM, Silva AMS. Minerals from macroalgae origin: 

Health benefits and risks for consumers. Mar Drugs 2018;16:400.  

195.  Dietary Reference Intakes: Reference Values for Elements [Internet]. Health Canada. 2005. 

Available from: https://www.canada.ca/en/health-canada/services/food-nutrition/healthy-

eating/dietary-reference-intakes/tables/reference-values-elements-dietary-reference-intakes-

tables-2005.html 

196.  Matanjun P, Mohamed S, Mustapha NM, Muhammad K. Nutrient content of tropical edible 

seaweeds, Eucheuma cottonii, Caulerpa lentillifera and Sargassum polycystum. J Appl Phycol 

2009;21:75–80.  

197.  García-Casal MN, Ramírez J, Leets I, Pereira AC, Quiroga MF. Antioxidant capacity, 

polyphenol content and iron bioavailability from algae (Ulva sp., Sargassum sp. and Porphyra 

sp.) in human subjects. Br J Nutr 2009;101:79–85.  

198.  Bocanegra A, Bastida S, Benedí J, Ródenas S, Sánchez-Muniz FJ. Characteristics and nutritional 

and cardiovascular-health properties of seaweeds. J Med Food 2009;12:236–58.  

199.  Nakamura E, Yokota H, Matsui T. The in vitro digestibility and absorption of magnesium in 

some edible seaweeds. J Sci Food Agric 2012;92:2305–9.  

200.  Namvar F, Tahir PM, Mohamad R, Mahdavi M, Abedi P, Najafi TF, Rahman HS, Jawaid M. 

Biomedical properties of edible seaweed in cancer therapy and chemoprevention trials: A 

review. Nat Prod Commun 2013;8:1811–20.  

201.  Iso H, Kubota Y. Nutrition and disease in the Japan Collaborative Cohort Study for Evaluation 

of Cancer (JACC). Asian Pac J Cancer Prev 2007;8:35–80.  

202.  Shimazu T, Kuriyama S, Hozawa A, Ohmori K, Sato Y, Nakaya N, Nishino Y, Tsubono Y, 

Tsuji I. Dietary patterns and cardiovascular disease mortality in Japan: A prospective cohort 

study. Int J Epidemiol 2007;36:600–9.  

203.  Yamori Y, Miura A, Taira K. Implications from and for food cultures for cardiovascular 

diseases: Japanese food, particularly Okinawan diets. Asia Pac J Clin Nutr 2001;10:144–5.  

204.  Kondo I, Funahashi K, Nakamura M, Ojima T, Yoshita K, Nakamura Y. Association between 



Thesis  Tongtong Li 

 

Page 119 of 192 

food group intake and serum total cholesterol in the japanese population: NIPPON DATA 80/90. 

J Epidemiol 2010;20:S576–81.  

205.  Kim MS, Kim JY, Choi WH, Lee SS. Effects of seaweed supplementation on blood glucose 

concentration, lipid profile, and antioxidant enzyme activities in patients with type 2 diabetes 

mellitus. Nutr Res Pract 2008;2:62–7.  

206.  Murai U, Yamagishi K, Sata M, Kokubo Y, Saito I, Yatsuya H, Ishihara J, Inoue M, Sawada N, 

Iso H, et al. Seaweed intake and risk of cardiovascular disease: The Japan Public Health Center-

based Prospective (JPHC) Study. Am J Clin Nutr 2019;110:1449–55.  

207.  Cumashi A, Ushakova NA, Preobrazhenskaya ME, D’Incecco A, Piccoli A, Totani L, Tinari N, 

Morozevich GE, Berman AE, Bilan MI, et al. A comparative study of the anti-inflammatory, 

anticoagulant, antiangiogenic, and antiadhesive activities of nine different fucoidans from brown 

seaweeds. Glycobiology 2007;17:541–52.  

208.  Ikeda K, Kitamura A, Machida H, Watanabe M, Negishi H, Hiraoka J, Nakano T. Effect of 

Undaria pinnatifida (Wakame) on the development of cerebrovascular diseases in stroke-prone 

spontaneously hypertensive rats. Clin Exp Pharmacol Physiol 2003;30:44–8.  

209.  Matanjun P, Mohamed S, Muhammad K, Mustapha NM. Comparison of cardiovascular 

protective effects of tropical seaweeds, kappaphycus alvarezii, caulerpa lentillifera, and 

sargassum polycystum, on high-cholesterol/high-fat diet in rats. J Med Food 2010;13:792–800.  

210.  Moga MA, Dima L, Balan A, Blidaru A, Dimienescu OG, Podasca C, Toma S. Are bioactive 

molecules from seaweeds a novel and challenging option for the prevention of HPV infection 

and cervical cancer therapy?—a review. Int J Mol Sci 2021;22:629.  

211.  Taylor V, Goodale B, Raab A, Schwerdtle T, Reimer K, Conklin S, Karagas MR, Francesconi 

KA. Human exposure to organic arsenic species from seafood. Sci Total Environ 2017;580:266–

82.  

212.  Yamamoto S, Sobue T, Kobayashi M, Sasaki S, Tsugane S, Tsugane S, Sasaki S, Sobue T, 

Ogata J, Baba S, et al. Soy, isoflavones, and breast cancer risk in Japan. J Natl Cancer Inst 

2003;95:906–13.  

213.  Yang YJ, Nam SJ, Kong G, Kim MK. A case-control study on seaweed consumption and the 



Thesis  Tongtong Li 

 

Page 120 of 192 

risk of breast cancer. Br J Nutr 2010;103:1345–53.  

214.  Teas J, Hurley TG, Hebert JR, Franke AA, Sepkovic DW, Kurzer MS. Dietary seaweed modifies 

estrogen and phytoestrogen metabolism in healthy postmenopausal women. J Nutr 

2009;139:939–44.  

215.  Gómez-Guzmán M, Rodríguez-Nogales A, Algieri F, Gálvez J. Potential role of seaweed 

polyphenols in cardiovascular-associated disorders. Mar Drugs 2018;16:250.  

216.  Holdt SL, Kraan S. Bioactive compounds in seaweed: Functional food applications and 

legislation. J Appl Phycol 2011;23:543–97.  

217.  Jiang J, Shi S. Seaweeds and cancer prevention. Bioactive Seaweeds for Food Applications: 

Natural Ingredients for Healthy Diets. 2018. p. 269–90.  

218.  Senthilkumar K, Manivasagan P, Venkatesan J, Kim SK. Brown seaweed fucoidan: Biological 

activity and apoptosis, growth signaling mechanism in cancer. Int J Biol Macromol 

2013;60:366–74.  

219.  Khalid S, Abbas M, Saeed F, Bader-Ul-Ain H, Ansar Rasul Suleria H. Therapeutic Potential of 

Seaweed Bioactive Compounds. Seaweed Biomaterials. London, UK: IntechOpen; 2018. p. 7–

16.  

220.  Ryu MJ, Kim AD, Kang KA, Chung HS, Kim HS, Suh IS, Chang WY, Hyun JW. The green 

algae Ulva fasciata Delile extract induces apoptotic cell death in human colon cancer cells. Vitr 

Cell Dev Biol - Anim 2013;49:74–81.  

221.  Namvar F, Mohamed S, Fard SG, Behravan J, Mustapha NM, Alitheen NBM, Othman F. 

Polyphenol-rich seaweed (Eucheuma cottonii) extract suppresses breast tumour via hormone 

modulation and apoptosis induction. Food Chem 2012;130:376–82.  

222.  Lins KOAL, Bezerra DP, Alves APNN, Alencar NMN, Lima MW, Torres VM, Farias WRL, 

Pessoa C, De Moraes MO, Costa-Lotufo L V. Antitumor properties of a sulfated polysaccharide 

from the red seaweed Champia feldmannii (Diaz-Pifferer). J Appl Toxicol 2009;29:20–6.  

223.  Maruyama H, Tamauchi H, Iizuka M, Nakano T. The role of NK cells in antitumor activity of 

dietary fucoidan from Undaria pinnatifida sporophylls (Mekabu). Planta Med 2006;72:1415–7.  

224.  Xue M, Ge Y, Zhang J, Wang Q, Hou L, Liu Y, Sun L, Li Q. Anticancer properties and 



Thesis  Tongtong Li 

 

Page 121 of 192 

mechanisms of fucoidan on mouse breast cancer in vitro and in Vivo. PLoS One 2012;7:e43483.  

225.  Liu M, Zhang W, Wei J, Qiu L, Lin X. Marine bromophenol bis(2,3-dibromo-4,5-

dihydroxybenzyl) ether, induces mitochondrial apoptosis in K562 cells and inhibits 

topoisomerase I in vitro. Toxicol Lett 2012;211:126–34.  

226.  Keleszade E, Patterson M, Trangmar S, Guinan KJ, Costabile A. Clinical efficacy of brown 

seaweeds ascophyllum nodosum and fucus vesiculosus in the prevention or delay progression of 

the metabolic syndrome: A review of clinical trials. Molecules 2021;26:714.  

227.  Rochlani Y, Pothineni NV, Kovelamudi S, Mehta JL. Metabolic syndrome: Pathophysiology, 

management, and modulation by natural compounds. Ther Adv Cardiovasc Dis 2017;11:215–25.  

228.  Gabbia D, Martin S De. Brown Seaweeds for the Management of Metabolic Syndrome and 

Associated Diseases. Molecules 2020;25:4182.  

229.  Iso H. Lifestyle and cardiovascular disease in Japan. J Atheroscler Thromb 2011;18:83.  

230.  Nanri A, Mizoue T, Shimazu T, Ishihara J, Takachi R, Noda M, Iso H, Sasazuki S, Sawada N, 

Tsugane S. Dietary patterns and all-cause, cancer, and cardiovascular disease mortality in 

Japanese men and women: The Japan public health center-based prospective study. PLoS One 

2017;12:e0174848.  

231.  Yeh CJ, Chang HY, Pan WH. Time trend of obesity, the metabolic syndrome and related dietary 

pattern in Taiwan: From NAHSIT 1993-1996 to NAHSIT 2005-2008. Asia Pac J Clin Nutr 

2011;20:292–300.  

232.  Ichimura M, Kato S, Tsuneyama K, Matsutake S, Kamogawa M, Hirao E, Miyata A, Mori S, 

Yamaguchi N, Suruga K, et al. Phycocyanin prevents hypertension and low serum adiponectin 

level in a rat model of metabolic syndrome. Nutr Res 2013;33:397–405.  

233.  Garcia-Vaquero M, Rajauria G, O’Doherty J V., Sweeney T. Polysaccharides from macroalgae: 

Recent advances, innovative technologies and challenges in extraction and purification. Food 

Res Int 2017;99:1011–20.  

234.  Hayes M, Tiwari BK. Bioactive carbohydrates and peptides in foods: An overview of sources, 

downstream processing steps and associated bioactivities. Int J Mol Sci 2015;16:22485–508.  

235.  Zaharudin N, Tullin M, Pekmez CT, Sloth JJ, Rasmussen RR, Dragsted LO. Effects of brown 



Thesis  Tongtong Li 

 

Page 122 of 192 

seaweeds on postprandial glucose, insulin and appetite in humans – A randomized, 3-way, 

blinded, cross-over meal study. Clin Nutr [Internet] Elsevier Ltd; 2020;40:830–8. Available 

from: https://doi.org/10.1016/j.clnu.2020.08.027 

236.  Paxman JR, Richardson JC, Dettmar PW, Corfe BM. Daily ingestion of alginate reduces energy 

intake in free-living subjects. Appetite 2008;51:713–9.  

237.  Peters HPF, Koppert RJ, Boers HM, Ström A, Melnikov SM, Haddeman E, Schuring EAH, 

Mela DJ, Wiseman SA. Dose-dependent suppression of hunger by a specific alginate in a low-

viscosity drink formulation. Obesity 2011;19:1171–6.  

238.  Hall AC, Fairclough AC, Mahadevan K, Paxman JR. Ascophyllum nodosum enriched bread 

reduces subsequent energy intake with no effect on post-prandial glucose and cholesterol in 

healthy, overweight males. A pilot study. Appetite 2012;58:379–86.  

239.  Roy MC, Anguenot R, Fillion C, Beaulieu M, Bérubé J, Richard D. Effect of a commercially-

available algal phlorotannins extract on digestive enzymes and carbohydrate absorption in vivo. 

Food Res Int 2011;44:3026–9.  

240.  Chin YX, Lim PE, Maggs CA, Phang SM, Sharifuddin Y, Green BD. Anti-diabetic potential of 

selected Malaysian seaweeds. J Appl Phycol 2015;27:2137–48.  

241.  Paradis ME, Couture P, Lamarche B. A randomised crossover placebo-controlled trial 

investigating the effect of brown seaweed (Ascophyllum nodosum and fucus vesiculosus) on 

postchallenge plasma glucose and insulin levels in men and women. Appl Physiol Nutr Metab 

2011;36:913–9.  

242.  Yoshinaga K, Mitamura R. Effects of Undaria pinnatifida (Wakame) on Postprandial Glycemia 

and Insulin Levels in Humans: a Randomized Crossover Trial. Plant Foods Hum Nutr 

2019;74:461–7.  

243.  Yavorska N. Sodium Alginate A Potential Tool for Weight Management: Effect on Subjective 

Appetite, Food Intake, and Glycemic and Insulin Regulation. Univ Toronto J Undergrad Life Sci 

2012;6:66–9.  

244.  Milani J, Maleki G. Chapter 2: Hydrocolloids in Food Industry. In: Valdez B, editor. Food 

Industrial Processes - Methods and Equipment. 2012. p. 17–38.  



Thesis  Tongtong Li 

 

Page 123 of 192 

245.  Weickert MO, Pfeiffer AFH. Metabolic effects of dietary fiber consumption and prevention of 

diabetes. J Nutr 2008;138:439–442.  

246.  Cassidy YM, McSorley EM, Allsopp PJ. Effect of soluble dietary fibre on postprandial blood 

glucose response and its potential as a functional food ingredient. J Funct Foods 2018;46:423–

39.  

247.  Vaugelade P, Hoebler C, Bernard F, Guillon F, Lahaye M, Duee PH, Darcy-Vrillon B. Non-

starch polysaccharides extracted from seaweed can modulate intestinal absorption of glucose and 

insulin response in the pig. Reprod Nutr Dev 2000;40:33–47.  

248.  Wolf BW, Lai CS, Kipnes MS, Ataya DG, Wheeler KB, Zinker BA, Garleb KA, Firkins JL. 

Glycemic and insulinemic responses of nondiabetic healthy adult subjects to an experimental 

acid-induced viscosity complex incorporated into a glucose beverage. Nutrition 2002;18:621–6.  

249.  Jensen MG, Kristensen M, Belza A, Knudsen JC, Astrup A. Acute effect of alginate-based 

preload on satiety feelings, energy intake, and gastric emptying rate in healthy subjects. Obesity 

[Internet] Nature Publishing Group; 2012;20:1851–8. Available from: 

http://dx.doi.org/10.1038/oby.2011.232/nature06264 

250.  Paxman JR, Richardson JC, Dettmar PW, Corfe BM. Alginate reduces the increased uptake of 

cholesterol and glucose in overweight male subjects: a pilot study. Nutr Res 2008;28:501–5.  

251.  Iacoviello L, Zito F, Rago L, Di Castelnuovo A, De Curtis A, Zappacosta B, de Gaetano G, 

Donati MB, Cerletti C. Prolonged administration of Ascophyllum nodosum to healthy human 

volunteers and cardiovascular risk. Nutrafoods 2013;12:137–44.  

252.  Panlasigui LN, Baello OQ, Dimatangal JM, Dumelod BD. Blood cholesterol and lipid-lowering 

effects of carrageenan on human volunteers. Asia Pac J Clin Nutr 2003;12:209–14.  

253.  Zhang Y, Xu W, Huang X, Zhao Y, Ren Q, Hong Z, Huang M, Xing X. Fucoxanthin 

ameliorates hyperglycemia, hyperlipidemia and insulin resistance in diabetic mice partially 

through IRS-1/PI3K/Akt and AMPK pathways. J Funct Foods 2018;48:515–24.  

254.  Farhat G, Drummond S, Al-Dujaili EAS. Polyphenols and Their Role in Obesity Management: 

A Systematic Review of Randomized Clinical Trials. Phyther Res 2017;31:1005–18.  

255.  You L, Gong Y, Li L, Hu X, Brennan C, Kulikouskaya V. Beneficial effects of three brown 



Thesis  Tongtong Li 

 

Page 124 of 192 

seaweed polysaccharides on gut microbiota and their structural characteristics: An overview. Int 

J Food Sci Technol 2020;55:1199–206.  

256.  Rajapakse N, Kim SK. Nutritional and digestive health benefits of seaweed. Adv Food Nutr Res 

2011;164:17–28.  

257.  Devillé C, Gharbi M, Dandrifosse G, Peulen O. Study on the effects of laminarin, a 

polysaccharide from seaweed, on gut characteristics. J Sci Food Agric 2007;87:1717–25.  

258.  O’Sullivan L, Murphy B, McLoughlin P, Duggan P, Lawlor PG, Hughes H, Gardiner GE. 

Prebiotics from marine macroalgae for human and animal health applications. Mar Drugs 

2010;8:2038–64.  

259.  Ding WK, Shah NP. Effect of various encapsulating materials on the stability of probiotic 

bacteria. J Food Sci 2009;74:M100–7.  

260.  Health Canad. Draft Guidance Document- Satiety Health Claims on Food. 2012; Available from: 

https://www.canada.ca/en/health-canada/services/food-nutrition/public-involvement-

partnerships/technical-consultation-health-canada-draft-guidance-document-satiety-health-

claims-food/consultation.html 

261.  Association WM. World Medical Association Declaration of Helsinki: Ethical Principles for 

Medical Research Involving Human Subjects. JAMA [Internet] 2013;310:2191–4. Available 

from: https://doi.org/10.1001/jama.2013.281053 

262.  Nunez MF, Mollard RC, Luhovyy BL, Wong CL, Anderson GH. Acute sodium ingestion has no 

effect on short-term food and water intake, subjective appetite, thirst, or glycemic response in 

healthy young men. Appl Physiol Nutr Metab Canada; 2013;38:746–52.  

263.  Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and validity of visual analogue 

scales in assessment of appetite sensations in single test meal studies. Int J Obes 2000;24:38–48.  

264.  Schiffman SS. Influence of medications on taste and smell. World J Otorhinolaryngol - Head 

Neck Surg 2018;4:84–91.  

265.  Spinelli S, Dinnella C, Tesini F, Bendini A, Braghieri A, Proserpio C, Torri L, Miele NA, Aprea 

E, Mazzaglia A, et al. Gender Differences in Fat-Rich Meat Choice: Influence of Personality and 

Attitudes. Nutrients 2020;12:1374.  



Thesis  Tongtong Li 

 

Page 125 of 192 

266.  Gorczyca AM, Sjaarda LA, Mitchell EM, Perkins NJ, Schliep KC, Wactawski-Wende J, 

Mumford SL. Changes in macronutrient, micronutrient, and food group intakes throughout the  

menstrual cycle in healthy, premenopausal women. Eur J Nutr 2016;55:1181–8.  

267.  Herman CP, Polivy J. Chapter 8: Restrained Eating. Stunkard AJ, editor. Saunders: Philadelphia; 

1980. 208–225 p.  

268.  Friedenreich CM, Courneya KS, Neilson HK, Matthews CE, Willis G, Irwin M, Troiano R, 

Ballard-Barbash R. Reliability and validity of the Past Year Total Physical Activity 

Questionnaire. Am J Epidemiol United States; 2006;163:959–70.  

269.  Mollard RC, Wong CL, Luhovyy BL, Anderson GH. First and second meal effects of pulses on 

blood glucose, appetite, and food intake at a later meal. Appl Physiol Nutr Metab Canada; 

2011;36:634–42.  

270.  Merrill AL, Watt BK. Energy Values of Food: Basis and Derivation. Agricultural Handboook 

No. 74. 1973.  

271.  Canadian Food Inspection Agency. Elements within the nutrition facts table protein [Internet]. 

2014. Available from: http://www.inspection.gc.ca/food/labelling/food-labelling-for-

industry/nutrition-labelling/elements-within-the-nutrition-facts-

table/eng/1389206763218/1389206811747?chap=7#s9c7 

272.  Bond A, Lader M. The use of analogue scales in rating subjective feelings. Br J Med Psychol 

1974;47:211–8.  

273.  Hill AJ, Blundell JE. Nutrients and behaviour: Research strategies for the investigation of taste 

characteristics, food preferences, hunger sensations and eating patterns in man. J Psychiatr Res 

1982;17:203–12.  

274.  Anderson GH, Catherine NLA, Woodend DM, Wolever TMS. Inverse association between the 

effect of carbohydrates on blood glucose and subsequent short-term food intake in young men. 

Am J Clin Nutr 2002;76:1023–30.  

275.  Drapeau V, King N, Hetherington M, Doucet E, Blundell J, Tremblay A. Appetite sensations 

and satiety quotient: Predictors of energy intake and weight loss. Appetite 2007;48:159–66.  

276.  Peryam DR, Girardot NF. Advanced taste‐test method. Food Eng 1952;24:58–61.  



Thesis  Tongtong Li 

 

Page 126 of 192 

277.  L.L. B, M. D. Caloric compensation and sensory specific satiety: evidence for self regulation of 

food intake by young children. Appetite 1986;7:323–31.  

278.  Kral TVE, Allison DB, Birch LL, Stallings VA, Moore RH, Faith MS. Caloric compensation 

and eating in the absence of hunger in 5- to 12-y-old weight-discordant siblings. Am J Clin Nutr 

2012;96:574–83.  

279.  Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting 

parallel group  randomised trials. BMJ 2010;340:c332.  

280.  de Graaf C. Why liquid energy results in overconsumption. Proc Nutr Soc England; 

2011;70:162–70.  

281.  Rolls BJ, Bell EA, Thorwart ML. Water incorporated into a food but not served with a food 

decreases energy intake  in lean women. Am J Clin Nutr United States; 1999;70:448–55.  

282.  Oladiran DA, Emmambux MN, de Kock HL. Extrusion cooking of cassava-soy flour with 200 

g/kg wheat bran promotes slower oral processing during consumption of the instant porridge and 

higher derived satiety. LWT [Internet] 2018;97:778–86. Available from: 

https://www.sciencedirect.com/science/article/pii/S0023643818306510 

283.  Stribiţcaia E, Evans CEL, Gibbons C, Blundell J, Sarkar A. Food texture influences on satiety: 

systematic review and meta-analysis. Sci Rep 2021;10:12929.  

284.  Appleton KM, Newbury A, Almiron-Roig E, Yeomans MR, Brunstrom JM, de Graaf K, Geurts 

L, Kildegaard H, Vinoy S. Sensory and physical characteristics of foods that impact food intake 

without affecting acceptability: Systematic review and meta-analyses. Obes Rev 

2021;22:e13234.  

285.  Mosca AC, Torres AP, Slob E, de Graaf K, McEwan JA, Stieger M. Small food texture 

modifications can be used to change oral processing behaviour and to control ad libitum food 

intake. Appetite [Internet] Elsevier; 2019;142:104375. Available from: 

https://doi.org/10.1016/j.appet.2019.104375 

286.  Miquel-Kergoat S, Azais-Braesco V, Burton-Freeman B, Hetherington MM. Effects of chewing 

on appetite, food intake and gut hormones: A systematic review  and meta-analysis. Physiol 

Behav United States; 2015;151:88–96.  



Thesis  Tongtong Li 

 

Page 127 of 192 

287.  Radulovich R, Umanzor S, Cabrera R, Mata R. Tropical seaweeds for human food, their 

cultivation and its effect on biodiversity enrichment. Aquaculture [Internet] 2015;436:40–6. 

Available from: https://www.sciencedirect.com/science/article/pii/S0044848614005407 

288.  Stone H, Bleibaum RN, Thomas HA. Sensory Evaluation Practices. Fourth edi. Elsevier 

Academic Press. 2012.  

289.  Gacula JR. M, Rutenbeck S. Sample size in consumer test and descriptive analysis. J Sens Stud 

[Internet] John Wiley & Sons, Ltd; 2006;21:129–45. Available from: 

https://doi.org/10.1111/j.1745-459X.2006.00055.x 

290.  Dietitians of Canada. Manger au restaurant: Comment choisir des aliments plus sains? (Eating 

Out: How Can I Make Healthier Choices?). 2017.  

291.  Dietitians of Canada. Healthy Eating Guidelines: For People with Chewing Difficulties. 2012.  

292.  Dietitians of Canada. Exemples de menu du régime méditerranéen (1500 kcal). 2020.  

293.  Dietitians of Canada. Sample Menus for Gluten-Free Eating. 2014.  

294.  Saputo Foodservice. Pizza is a competitive market with an incredible amount of opportunity for 

growth. According to Technomic’s 2020 [Internet]. 2020. Available from: 

https://www.saputofoodservice.ca/en/resources/seizing-growth-opportunities-pizza-industry 

295.  Kuo W, Lee Y. Effect of food matrix on saltiness perception—implications for sodium 

reduction. Compr Rev Food Sci Food Saf Wiley Online Library; 2014;13:906–23.  

296.  Mather K, Boachie R, Anini Y, Panahi S, Anderson GH, Luhovyy BL. Effects of cultured dairy 

and nondairy products added to breakfast cereals on blood glucose control, satiation, satiety, and 

short-term food intake in young women. Appl Physiol Nutr Metab 2020;45:1118–26.  

297.  Luhovyy BL, Mollard RC, Yurchenko S, Nunez MF, Berengut S, Liu TT, Smith CE, Pelkman 

CL, Anderson GH. The Effects of Whole Grain High-Amylose Maize Flour as a Source of 

Resistant Starch on Blood Glucose, Satiety, and Food Intake in Young Men. J Food Sci 

[Internet] 2014;79:H2550–6. Available from: 

https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1750-3841.12690 

298.  De Graaf C, De Jong LS, Lambers AC. Palatability affects satiation but not satiety. Physiol 

Behav 1999;66:681–8.  



Thesis  Tongtong Li 

 

Page 128 of 192 

299.  Newmyer BA, Whindleton CM, Klein PM, Beenhakker MP, Jones MK, Scott MM. VIPergic 

neurons of the infralimbic and prelimbic cortices control palatable food intake through separate 

cognitive pathways. JCI insight 2019;5:e126283.  

300.  Andersen S, Noahsen P, Rex KF, Florian-Sørensen HC, Mulvad G. Iodine in edible seaweed, its 

absorption, dietary use, and relation to iodine nutrition in arctic people. J Med Food 

2019;22:421–6.  

301.  Government of Canada. Iodine Status of Canadians, 2009 to 2011. [Internet]. Statistics Canada. 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9268597/pdf/nutrients-14-

02570.pdf 

302.  Health Canada. Dietary Reference Intakes: Reference Values for Elements [Internet]. 

Government of Canada. 2005. Available from: https://www.canada.ca/en/health-

canada/services/food-nutrition/healthy-eating/dietary-reference-intakes/tables/reference-values-

elements-dietary-reference-intakes-tables-2005.html 

303.  Katagiri R, Asakura K, Uechi K, Masayasu S, Sasaki S. Adequacy of iodine intake in three 

different Japanese adult dietary patterns: A nationwide study. Nutr J 2015;14.  

304.  Vellinga RE, Sam M, Verhagen H, Jakobsen LS, Ravn-Haren G, Sugimoto M, Torres D, 

Katagiri R, Thu BJ, Granby K, et al. Increasing Seaweed Consumption in the Netherlands and 

Portugal and the  Consequences for the Intake of Iodine, Sodium, and Exposure to Chemical 

Contaminants: A Risk-Benefit Study. Front Nutr 2021;8:792923.  

305.  Dawczynski C, Schäfer U, Leiterer M, Jahreis G. Nutritional and toxicological importance of 

macro, trace, and ultra-trace  elements in algae food products. J Agric Food Chem United 

States; 2007;55:10470–5.  

 

  



Thesis  Tongtong Li 

 

Page 129 of 192 

 

Appendix 1a: Recruitment Letter for Participants  

 

 

Dear Participant,                      

 

A team of researchers from Mount Saint Vincent University are investigating how meals made with 

seaweed influence appetite and food intake. We are asking for male participants 19-35-year-old to take 

part in a research study on three separate days with one week apart between research sessions. Each 

session will take around two and a half hours of your time and if you will participate in the study you 

will be asked to come to our laboratory at the same time for each of three research sessions.  

 

If you are interested to participate in this study please contact us through the e-mail or telephone and 

we will contact you and ask some questions to determine if you are eligible to participate in this study. 

You will be also invited to attend the Information and Screening session to learn more about the study 

and complete the questionnaires about your food and eating habits. We will also measure your weight, 

height and body composition using an analyzer similar to electronic body weight scale. This will not 

hurt you and will not cause any pain or discomfort. Once we determine that you are eligible to 

participate in this study, we will schedule you to attend three research sessions with one week apart 

between the sessions.  

The study will take place in food research laboratory in the Centre of Applied Research, Department of 

Applied Human Nutrition (47 College Rd) MSVU.   

 

There are criteria for participation that you need to be aware of, eligible participants must not be:  

- Regular Breakfast skipper 

-            Having disordered eating patterns (e.g., focusing too much on body weight, body imaging, 

dieting, self-limiting the choice of foods, performing specific food rituals, feel anxious or guilty when 

eating or after eating, having bulimia, anorexia or binge eating disorder). 

- Smoker (including e-cigarettes) / cannabis consumer 

- Be underweight, overweight or obese 

- Having chronic diseases including diabetes 

- Taking certain medications that may affect central and peripheral mechanisms of food 

intake regulation, cognitive performance and sedative medications (e.g., Ranitidine, Amphetamine, 

Diazepam or others. The list of medications to be checked is included below) 

-  Having difficulty to comprehend the questions and fill out the study questionnaires 

- Having food allergies or gastrointestinal disorders (e.g., irritable bowel syndrome, or 

others) 

- Have no multiple food restrictions or strong aversion towards seaweeds (a strong dislike 

towards many foods and seaweeds) 
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- Uncomfortable having their face recorded while eating  

 

We will review these conditions with you over the telephone and will measure your body weight and 

height during the Information and Screening session. 

 

To thank you for your participation you will receive $30 for each session with a total of $90 for 

completed study. At the end of each research session, you will be served with a pizza and then with 

chocolate milk or fruit juice and cookies after pizza meal. 

The ethical components of this research study have been reviewed by the University Research Ethics 

Board and found to be in compliance with Mount Saint Vincent University’s Research Ethics Policy.  

If you would like to participate, or to get more information about this study, please contact 

Appetite.Study@msvu.ca or leave a message at 902-457-6568 and we will contact you.     

Thank you for your support in this research. 

Sincerely, 

Dr. Bohdan Luhovyy   

  

mailto:Appetite.Study@msvu.ca
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Appendix 1b: Recruitment Poster for Participants  
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Appendix 2a: Telephone Screening Questionnaire 

 

ID: __________________  Date (DD/MMM/YYYY):____________________ 

Telephone Screening Questionnaire (part 1) 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food 

intake in young males 

 

TO BE KEPT SEPARATELY FROM DATA FORMS 

 

 

Name: 

_______________________________________________________________________________ 

 

Month and year of birth ______/_______ (______ y: calculated by recruiter) 

 

What is your ethnic background?  

__________________________________________________________ 

 

Will you be willing to eat a food product prepared with seaweeds? Yes ____ No____ 

 

Are you vegetarian? Yes ____ No____, vegan? Yes ____ No____, following a special diet? Yes ____ 

No___  

 

 

Notes: 

_______________________________________________________________________________ 

 

To be completed by Staff:   Eligible to participate: Yes ____ No____ 

If not eligible, this concludes the conversation and the form is to be shredded. 

If eligible, continue with the remaining parts 1 and 2. 

Address: 

___________________________________________________________________________________

___________________________________________________________________________________

____ 
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Cell phone: _____________________________ Can we send text messages? ______ Yes   ______ 

No 

Home phone: (______) ____________ What time would be convenient to call you? 

___________________ 

E-mail: ____________________@______________________________ 

 

 

Participant ID assigned: ______________________  
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ID: __________________  Date (DD/MMM/YYYY):____________________ 

Telephone Screening Questionnaire (part 2) 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food 

intake in young males 

 

Weight (circle the correct unit):_____ lbs  kg  Height:_____cm   (Calculated by recruiter) 

BMI:_____ kg/m2  

 

Do you regularly consume breakfast? Yes__ No___  

 

Are you physically active? Yes ___ No___  

 

Can you briefly recall your daily normal physical activity routine?  

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

______ 

Do you consume cannabis? Yes___   No___      Do you smoke tobacco? Yes__ No__  

Do you use e-cigarettes and similar products? Yes__ No__ 

Do you have any allergies to any foods? Yes __ No__  

If yes, are you allergic to any of the following wheat, dairy, eggs, seaweed or other foods? Yes ___ 

No___  

Other foods? ___________________ 

How many alcoholic beverages do you consume per day? _________ per week? _________  

Do you have any major disease or medical conditions? Yes ____ No____ If yes, please specify: 

___________________________________________________________________________________

__ 

Do you take medications? Yes ____ No____ If yes, please specify: 

___________________________________________________________________________________

__ 

Can you eat the food with seaweeds? Yes ____ No____ 

Do you like pizza? Yes ____ No____  

Are you comfortable with having your face recorded while eating? We will be using software that is 

able to accurately determine emotions to help us better understand people’s natural reaction to the food 

products.  
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Yes ____ No____   

___________________________________________________________________________________

__ 

To be completed by Staff:   Eligible to participate: Yes ____ No____ 

 

Screening scheduled at: 

__________________________________________________________________ 
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Appendix 3a: COVID−19 Risk Assessment for Research 

 

University Research Ethics Board 

COVID−19 RISK ASSESSMENT for RESEARCH  

Date (YYYY/MMM/DD):   ____________________ 

• The following risk assessment must be completed for every participant in face-to-face research studies conducted by 

members of the Mount Saint Vincent University research community.   

• Contact information is required for Contact Tracing by the Nova Scotia Department of Health.  

• The Risk Assessment is used to facilitate participant, student, staff and researcher safety. 

• It is the responsibility of the Principle Researcher to ensure that this assessment is completed. 

• Contact tracing documents must be sent daily to ethics@msvu.ca  

• Documents must be labeled as Ethics File XXXX-XXX ResearcherLastName MMDDYYYY 

 

Name  

Address  

Email  

Best telephone # for 

contact 

 

 

If the answer to any of the boxes below is yes, researchers must reschedule the meeting. 

Do you currently have any of the following symptoms? If the answer to any of the boxes below is 

yes, researchers must reschedule the meeting. 

☐ An unexplained fever greater than 38°C, or fever-like symptoms? 

☐ New or worsening cough  

 

Do you currently have any of the following new or worsening symptoms? 

☐ Sore throat     ☐ Runny nose         ☐ Headache ☐ Shortness of breath 

☐ No Symptoms 

Two or more of the above symptoms will require the meeting to be rescheduled. 

 

Non-Symptomatic Risk Factors. If the answer is yes to any of the questions below, the meeting 

must be rescheduled. 

mailto:ethics@msvu.ca
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Have you or anyone in your household travelled outside of Nova Scotia in the last 

14 days? 

If yes, where? ____________________________ 

☐ 

Yes 

☐ No       

In the last 14 days have you been in close contact with someone who has COVID-

19 or is suspected to have COVID-19? 
☐ 

Yes 

☐ No       

In the last 14 days have you been to any location identified by NS Public Health and 

instructed to self-isolate and be tested for COVID-19?    
☐ 

Yes 

☐ No       

Do you live or work within a known community or facility cluster as identified as a 

COVID−19 Hub? 
☐ 

Yes 

☐ No       

 

☐  IDENTIFIED COVID−19 RISK ☐  NO IDENTIFIED COVID−19 

RISK 

Confirmed case OR symptomatic (Two or more of: new or worsening 

cough, fever, sore throat, headache, runny nose, new or worsening 

shortness of breath) / other acute respiratory illness consistent with 

infection OR travel outside of Atlantic Canada OR contact with known or 

suspected COVID−19 case OR residence in a geographic location with 

known community / facility cluster OR symptoms / exposure cannot be 

determined due to physical and / or mental status 

Asymptomatic and no known contact with 

confirmed or suspected case or 

residence in a facility or community cluster 

with COVID−19 cases 

 

Verified by (print) _______________________    Signature: ________________________________ 

 

This document has been adapted from the COVID_19 Risk Assessment for Patients by the Nova Scotia Health 

Authority: E:\Program Files (x86)\Access\Intelligent Form\CommonProject\nshealth-logo-black.eps  (retrieved April 

30, 2021)  

Halifax  Nova Scotia  B3M 2J6  Canada *Tel 902 457 6350 • msvu.ca/ethics 

 

 

  

http://policy.nshealth.ca/Site_Published/covid19/document_render.aspx?documentRender.IdType=6&documentRender.GenericField=&documentRender.Id=78386
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Appendix 3b: Information Letter: COVID-19 Risks and Contact Tracing for In-Person Research 

Studies 
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Appendix 4a: Sleep Habits and Stress Factors Questionnaire 

 

ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________          TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

1. Did you have a normal night’s sleep last night?   Yes______  No______ 

2. How many hours of sleep did you have? ___________ 

3. What time did you go to bed last night?   ___________ 

4. What time did you wake up this morning? ___________ 

5. Recount your activities since waking: 

Time                                 Activity 

________           __________________________________________________________ 

 

________           __________________________________________________________ 

 

________           _________________________________________________________ 

 

________           _________________________________________________________ 

 

6. Are you experiencing any feelings of illness or discomfort, other than those from hunger? 

  Today: Yes ____   No_____        Past 24 hours: Yes ____   No_____ 

If yes, please describe briefly: 

______________________________________________________________________ 

 

______________________________________________________________________ 

7. Are you under any unusual stress? (Exams/reports/work deadlines, personal, etc.) 

  Today: Yes ____   No_____        Past 24 hours: Yes ____   No_____ 

If yes, please describe briefly: 

______________________________________________________________________ 

 

______________________________________________________________________ 

8. Have you been involved in any physical activity within the past 24 hours that is unusual to your 

normal routine?   Yes______       No______ 

If yes, please describe briefly: 

______________________________________________________________________ 

 

______________________________________________________________________ 
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Appendix 4b: Recent Food Intake and Activity Questionnaire 

 

ID: __________                    DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________     TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

At what time did you have dinner? _____________________ 

 

Please describe your dinner last night (list all food and drink and give an estimate of the portion size): 

___________________________________________________________________________________

___________________________________________________________________________________

____________________________________________________________________ 

 

The following three questions relate to your food intake, activity and stress over the last 24 hours. 

Please rate yourself by placing a small “x” across the horizontal line at the point which best reflects 

your present feelings. 

How would you describe your food intake over the past 24 hours? 

 

  Much LESS  Much MORE   

   than usual      than usual 

  

How would you describe your level of activity over the last 24 hours? 

 

   Much LESS    Much MORE   

    than usual                                than usual  

 

How would you describe your level of stress over the last 24 hours? 

 

   Much LESS  Much MORE   

    than usual                                        than usual 

  

---------------------------------------------------------------------------------------------------------------------------- 

To be completed by staff only: 

Arrived to the lab at: __________ Baseline blood glucose ______________ (mmol/L) 

Treatment started at: ___________ 

Comments/Notes: 

_____________________________________________________________________ 
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Appendix 5: Visual Analogue Scales Motivation to Eat, Energy and Fatigue & Physical Comfort 

 

ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 0 min (immediately before the treatment) 

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 0 min (immediately before the treatment) 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT        VERY 

at all   energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT       VERY   

at all        

                         tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 0 min (immediately before the treatment) 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all                          much 

 

2. Does your stomach hurt? 

 

NOT          VERY 

at all                  much 

 

3. How well do you feel? 

 

NOT 

well         VERY 

at all         well 

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all                  much 

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all                                much 
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 15 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

   1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

    5. How thirsty do you feel? 

       

 

 

 

 

ID: __________        DATE (DD/MMM/YYYY):__________________  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 15 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT       VERY   

at all          tired                                                   

tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 15 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all                  much 

 

2. Does your stomach hurt? 

 

NOT          VERY 

at all                  much 

 

3. How well do you feel? 

 

NOT                                                 VERY 

well                 well 

at all                             

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all         much  

                     

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all           much  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 30 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 30 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT       VERY   

at all          tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 30 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all         much  

                     

2. Does your stomach hurt? 

 

NOT          VERY 

at all         much  

   

3. How well do you feel? 

 

NOT 

well          VERY   

at all          well  

  

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

  

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all           much  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 45 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 45 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT       VERY   

at all                   tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 45 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all         much  

  

2. Does your stomach hurt? 

 

NOT          VERY 

at all          much  

  

3. How well do you feel? 

 

NOT 

well          VERY  

at all          well  

   

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

  

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all           much  

  

 

 

ID: __________        DATE (DD/MMM/YYYY):__________________  
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SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 60 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 60 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT                                                   VERY   

at all          tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 60 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all          much  

   

2. Does your stomach hurt? 

 

NOT          VERY 

at all         much  

   

3. How well do you feel? 

 

NOT 

well          VERY  

at all          well  

   

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

  

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all                     much  

                    

 

 

ID: __________        DATE (DD/MMM/YYYY):__________________  
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SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 90 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 60 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT                                                   VERY   

at all                  tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 60 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all          much  

  

2. Does your stomach hurt? 

 

NOT          VERY 

at all          much  

   

3. How well do you feel? 

 

NOT 

well          VERY 

at all          well  

  

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

  

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all           much  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 90 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 90 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT                                                   VERY   

at all          tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 90 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all          much  

   

2. Does your stomach hurt? 

 

NOT          VERY 

at all          much  

  

3. How well do you feel? 

 

NOT 

well          VERY  

at all          well  

                         

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

  

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all          much  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 120 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 120 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT                                                   VERY   

at all          tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 120 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all          much  

  

2. Does your stomach hurt? 

 

NOT          VERY 

at all          much  

   

3. How well do you feel? 

 

NOT 

well          VERY 

at all          well  

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

                    

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all                     much  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Motivation to Eat 

Time point: 145 min  

These questions relate to your “motivation to eat” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings. 

 

 

1. How strong is your desire to eat? 

 

 

        

        

 

2. How hungry do you feel? 

 

 

 

 

 

3. How full do you feel? 

 

 

 

 

4. How much food do you think you could eat? 

 

 

 

 

5. How thirsty do you feel? 

       

 

 

 

  

Not 

hungry 

at all 

As hungry  

as I have 

ever felt 

Not full 

at all 

Very full 

NOTHING 

at all 

A LARGE 

amount 

Very 

WEA

K 

Very 

STRONG 

NOT 

thirsty  

at all 

As thirsty 

as I have 

ever felt  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Energy and Fatigue 

Time point: 120 min 

These questions relate to your energy level and fatigue at this time. Please rate yourself by placing a 

small “x” across the horizontal line at the point which best reflects your present feelings.  

 

 

1. How energetic do you feel right now? 

 

NOT       VERY 

at all  energetic 

  

         

 

2. How tired do you feel right now? 

 

NOT                                                  VERY   

at all         tired  
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ID: __________        DATE (DD/MMM/YYYY):__________________  

 

SESSION: __________  TREATMENT (Code): ______________________ 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

Visual Analogue Scale 

Physical Comfort 

Time point: 120 min 

These questions relate to your “physical comfort” at this time. Please rate yourself by placing a small 

“x” across the horizontal line at the point which best reflects your present feelings  

1. Do you feel nauseous? 

 

NOT           VERY 

at all          much  

  

2. Does your stomach hurt? 

 

NOT          VERY 

at all          much  

   

3. How well do you feel? 

 

NOT 

well          VERY 

at all          well  

 

4. Do you feel like you have gas? 

 

NOT          VERY 

at all          much  

                    

 

5. Do you feel like you have diarrhea? 

 

NOT          VERY 

at all                     much  
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Appendix 6: Sensory forms (hedonic and visual analogue scales) 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food 

intake in young males 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

9-Point Hedonic Scale: Pleasantness 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Pleasantness of the sample? 

 

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Taste 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Taste of the sample? 

 

  
Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Texture 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Texture of the sample? 

 

  
Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

Visual Analogue Scale: Saltiness 

 

 

DATE:  _________      Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 

Please rate the saltiness of the food by placing a small “x” across the horizontal line at the point which best reflects your present feelings. 

 

 

 
NOT 
salty 
at all  

VERY  
salty 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Saltiness 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Saltiness of the sample? 

  

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

Visual Analogue Scale: Chewiness 

 

 

 

DATE:  _________      Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 

 

Please rate the chewiness of the food by placing a small “x” across the horizontal line at the point which best reflects your present feelings. 

 

 
NOT 
chewy 

at all  

VERY  
chewy 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Chewiness 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Chewiness of the sample? 

  

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

Visual Analogue Scale: Bitterness 

 

 

 

DATE:  _________      Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 

 

Please rate the bitterness of the food by placing a small “x” across the horizontal line at the point which best reflects your present feelings. 

 

 

 

 

NOT 
bitter 
at all  

VERY  
bitter 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

Visual Analogue Scale: Seaweed flavor 

 

 

DATE:  _________      Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 

 

Please rate the seaweed flavor of the food by placing a small “x” across the horizontal line at the point which best reflects your present feelings. 

 

 

 

 

 

NO 
seaweed 

flavor  

STRONG 
seaweed 
flavor 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Mouthfeel 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Mouthfeel of the sample? 

  

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

 

9-Point Hedonic Scale: Flavour 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Flavour of the sample? 

  

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

9-Point Hedonic Scale: Aftertaste 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Aftertaste of the sample?

Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

9-Point Hedonic Scale: Appearance 

 

DATE:  ________   Treatment ID ____ 

 

ID: ________________________    Actual time:________________ 

   

 

 Please put a checkmark on the most appropriate response 

 

How much did you enjoy the Appearance of the sample? 

 

  
Dislike 

extremely 

Dislike          

very much 
Dislike 

moderately 

Dislike 

slightly 

Neither like 

nor dislike 

Like 

slightly 

Like 

moderately 
Like              

very much 

Like 

extremely 
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Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young males 

 

 

Visual Analogue Scale-Prospective purchasing  

 

DATE:  ____________________     Treatment ID ____ 

ID: ________________________     Actual time _____________   

 

 

This question relates to the palatability of the food you just consumed.  How likely would you purchase this product? Place a small “x” across 

the horizontal line at the point which best reflects your present feelings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Would not 
purchase  

Would 
purchase 



ID: __________________  Date (DD/MMM/YYYY):____________________ 

Appendix 7: Food Acceptability  

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young 

males 

 

Please indicate with a rating between 1 and 10 how much you enjoy the following foods (1 = not at all, 10 = very much) 

and how often you eat them (never, daily, weekly, monthly).  

 

 

 

  

       Enjoyment?   How often? 
 

1. Pasta      __________   __________ 
 

2. Rice      __________   __________ 
 

3. Potatoes (mashed, roasted)   __________   __________ 

 
4. Couscous     __________   __________ 

 

5. Pizza      __________   __________ 
 

6. Soy sauce     __________   __________ 
 

7. Crab meat     __________   __________ 

 
8. Fish      __________   __________ 

 

9. Seaweeds     __________   __________ 
 

10. Tofu or other soy-texturized products  __________   __________ 
 

 
 

 

At the end of each session, you will be provided with pizza. In order to provide you with a meal that you will 
enjoy, we ask that you rank the following pizzas according to your personal preferences (i.e. 1st, 2nd choice) 

in the space provided. If you do NOT like a particular type of pizza, then do not rank it but instead write “I 
don’t like” in the space provided. 

 
Pepperoni (cheese, pepperoni)    __________ 
Three-cheese (mozzarella, cheddar, parmesan)   __________ 
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Appendix 8: Information Sheet and Consent Forms for participants recruited for seaweed meal study 

 

 

Information Sheet and Consent Forms for participants recruited for seaweed meal study 

 

Study title: The effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young 

males 

 

Investigators:   

 Dr. Bohdan Luhovyy, Principal Investigator 

 Dr. Priya Kathirvel, Co-Investigator 

 Department of Applied Human Nutrition, Mount Saint Vincent University 

 E-mails: bohdan.luhovyy@msvu.ca ; priya.kathirvel@msvu.ca  

 

M.Sc. Students and Research Assistants: 

 Mr. Tongtong Li, MSc Student 

 E-mail: tongtong.li1@msvu.ca  

  

 Ms. Jade Farquharson, BSc Student 

 E-mail: Jade.Farquharson@msvu.ca  

 

 Mr. Erik Vandenboer, Research Assistant 

 E-mail: Erik.Vandenboer@msvu.ca  

 

 Ms. Gowshigga Thamotharampillai, Research Assistant 

 E-mail: gowshigga.thamotharampillai@msvu.ca  

 

 Ms. Yu Gao, MAHN Student 

 E-mail: Yu.Gao5@msvu.ca  

 

 

Introduction: 

You are invited to participate in the research study listed above. This form provides you with information about the study 

so you can make an informed decision about if you would like to participate. It will enable you to understand the purpose 

of the study, the risks and benefits of participating, and what you will be asked to do should you choose to participate. We 

will keep you informed of any new information that may influence your willingness to continue to participate in the study. 

A member of the research team will be available to answer any questions you may have. You may decide not to 

participate and you may withdraw from the study at any time. Your participation in the study is entirely voluntary. 

 

mailto:bohdan.luhovyy@msvu.ca
mailto:priya.kathirvel@msvu.ca
mailto:tongtong.li1@msvu.ca
mailto:Jade.Farquharson@msvu.ca
mailto:Erik.Vandenboer@msvu.ca
mailto:gowshigga.thamotharampillai@msvu.ca
mailto:Yu.Gao5@msvu.ca
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Funding Source: 

Funding for this project is provided by the NSERC Engage Grant and Acadian Sea Plants Limited. 

 

Background and Purpose of Research: 

Seaweeds are a rich source of nutrients including proteins, lipids, minerals, polysaccharides, soluble and insoluble fibers 

and trace elements and they are traditionally consumed in Asian countries as sea vegetables. Apart from these nutrients, 

seaweeds contain other bioactive compounds and previous studies have shown the benefits of some of these compounds 

on body weight control and satiety. However, the consumption of seaweeds in Canada is very low. It is possible that 

dietary incorporation of seaweed might provide satiating effects. This study is designed to examine the effect of meals 

formulated with seaweed on the appetite and food intake in young healthy adult males. The results from this study may 

help in the development of new or reformulated food products with seaweed. This study will not cost you anything.  

We anticipate having about 30 male participants enrolled in this study.  This study is funded by NSERC (Natural 

Sciences and Engineering Research Council of Canada) and Acadian Sea Plants Limited. There are no conflicts of interest 

between the investigators and the sponsor. The Primary Investigator of the study receives no financial compensation or 

non-financial benefits from the industry partner.   

 

Invitation to Participate: 

You are being invited to take part in this study. If you chose to take part and meet eligibility criteria, you will be asked to 

visit our laboratory for three sessions with one week apart between sessions. At each session, your appetite, physical 

comfort, energy level and fatigue will be measured using simple paper scales before and after eating the treatment (meal 

or water) and after eating a pizza meal. Each session will take up to three hours of your time. 

 

Eligibility: 

To participate in this study, you must be considered overall healthy, and not being underweight, overweight or obese, and 

not having any diseases. You must be a male between the ages of 19 and 35.  You must be a non-smoker (including e-

cigarettes) and you cannot be taking certain medications that may affect central and peripheral mechanisms of food intake 

regulation, cognitive performance and sedative medications and consume cannabis products. Please tell us if you are 

taking any medication and we will determine if you are eligible to participate in this study. You will not be able to 

participate if you have allergies to any food, aversion to seaweeds or if you usually skip breakfast, have disordered eating 

patterns (e.g., focusing too much on body weight, body imaging, dieting, self-limiting the choice of foods, performing 

specific food rituals, feel anxious or guilty when eating or after eating, having bulimia, anorexia or binge eating disorder), 

or unable to comprehend the questions and fill out the questionnaires used in the study (we will show you the samples of 

the questionnaires used in this study). To find out if you can take part in this study, you will be asked to fill out 

questionnaires, which ask questions about your age, if you smoke, exercise, your health, if you are on any medications 

and your eating habits. Your height and weight will be measured. The study will take place in the Department of Applied 

Human Nutrition, Room 211 in the Centre of Applied Research, Mount Saint Vincent University, 47 College Rd, Halifax, 

NS.  

 

Procedure: 

You will be asked to fast for at least 10 hours overnight before each session and arrive to our laboratory between 8 am and 

10 am in the morning. However, you may drink water until one hour before arriving to the laboratory. Please note that you 

will have to arrive exactly the same time at each of the three sessions. Upon arrival, we will measure your fasting blood 
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glucose level with a portable glucose meter in a drop of blood through the finger prick test and then we will ask you about 

your recent food intake, stress level, sleep and physical activity. If your blood glucose will be higher than normal fasting 

level (higher than 6 mmol/L), we will repeat the test within 30 min and if it still be high then we will need to reschedule 

the session. Similarly, if you had experienced stress, unusual food intake, alcohol consumption, did not sleep enough or 

had extra physical activity in the day before your session, we will need to reschedule your session as well. If your fasting 

blood glucose level is normal and you did not experience any unusual stress, sleep deprivation, extra physical activity, 

excessive food intake and alcohol consumption in previous day, the session will commence. We will ask you to complete 

the questionnaire related to your appetite and physical comfort, and then will take you to the feeding cubicles and will 

serve you with a meal with a glass of water (two sessions) or just the glass of water (in one session). You will have up to 

12 minutes to consume your food and water and evaluate their taste. You will be asked to consume the whole amount of 

food and water provided. Then you will be taken back to the Appetite Lab and you can read, study or use your computer 

during the next 112 minutes. Please note that you may not browse any content related to food or eating. Our research 

assistants will ask you to complete the same questionnaires related to your appetite and physical comfort every 15 min in 

the first hour, and every 30 min during the second hour. At 120 min, we will ask you to proceed to the feeding cubicles 

and will serve you with a pizza meal. You will be asked to eat until you feel comfortable full. The new tray with sliced 

pizza and new bottle with spring water will be provided every 8 minutes and the previous tray and water bottle with the 

left over (if any) will be taken back by our research assistant. Once you completed your meal, we will ask you to fill out 

the questionnaire rating your appetite and physical comfort. Then you will be offered to drink a glass of chocolate milk or 

fruit juice of your choice and you are free to go.  

 

An Example of a Potential Time and Activity Schedule for Each Session: 

Time Activity 

8:45 Arrive at the laboratory 

8:50 Fill in Sleep, Stress, and VAS questionnaires and take fingerpick blood sample 

9:00 - 9:12 Eat the treatment (0 min) 

9:15 - 11:00 Fill out VAS questionnaires at 15, 30, 45, 60, 90 and 120 min 

11:00 – 

11:20 

Eat the lunch meal until you feel comfortably full 

11:20 The session is completed. You will receive a glass of chocolate milk or fruit 

juice 

VAS= Visual analogue scale 

Voluntary Participation and Early Withdrawal: 

Participation in this study is voluntary.  You may choose to stop being in the study at any time without any negative 

consequences. 

 

Risks: 

There is a very little risk of food poisoning. All of the foods that you will be asked to consume will be prepared using 

practices to ensure food safety. Therefore, your risk of developing a food borne illness from participation in this study is 

very minimal. Pricking the finger to obtain a drop of blood may be associated with a momentary slight discomfort. The 

risk of infection related to blood sampling is minimal as you will be using a disposable lancing device. We will explain 

you how to sanitize your finger with the alcohol swabs. After the overnight fast you may feel faint or dizzy, however the 

risk of this is minimal. If this happens and you feel it will be unsafe to travel the session will be rescheduled.  
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Benefits: 

You will not benefit directly from taking part in this study. However, the study results will advance nutritional science and 

may lead to practical dietetic recommendations. 

 

Confidentiality and Privacy:  

Confidentiality will be respected and no information that shows your identity will be released or published without your 

permission unless required by law. Your name, personal information and signed consent form will be kept in a locked 

filing cabinet in the investigator’s office. Your results will not be kept in the same place as your name. Your results will 

be recorded on data sheets and in computer records that have an ID number for identification, but will not include your 

name. Your results, identified only by an ID number, will be made available to the study sponsor if requested. Only study 

investigators will have access to your individual results. If you withdraw from the study, your consent form and any other 

paperwork associated with your ID number will be destroyed. 

 

Publication of Results:  

Although the results of this study are intended for our industry partner, it is possible that the results of this study may be 

published in scientific literature or presented at a conference or seminar. Confidentiality will be upheld, and no names or 

identifying information about you will be used in any publication or presentation. 

 

New Findings: 

If anything is found during the course of this research which may change your decision to continue, you will be told about 

it. 

 

Compensation: 

You will be paid $30 per experimental session with a total of $90 for completed study. Payment will be in the form of 

cash and can be paid either after each session or after the end of the study. Please note that in order to process your 

compensation the collection of your personal information including your full name, current mailing address and signature 

is required by the university’s financial services department.  This information is collected, stored and accessible to the 

financial services department alone other than the initial collection and is not linked to the current study in any way. 

 

Injury Statement: 

If you begin to feel sick following participation in the study, please seek medical advice as soon as possible. We will 

provide your medical specialist with information about the food you have consumed during the session. You can send the 

email to Dr. Luhovyy ( Bohdan.Luhovyy@msvu.ca ) and ask your question and leave your contact information and we 

will contact you back at the earliest convenience. 

 

Rights of Participants: 

 

Before agreeing to take part in this research study, it is important that you read and understand your role as described here 

in this study information sheet and consent form. You waive no legal rights by taking part in this study. If you have 

questions about how this study is being conducted and wish to speak with someone not involved in the study, you may 
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contact the Chair of the University Research Ethics Board (UREB) c/o MSVU Research Office, at 457-6350 or via e-mail 

at research@msvu.ca   

 

The ethical components of this research study have been reviewed by the University Research Ethics Board and found to 

be in compliance with Mount Saint Vincent University’s Research Ethics Policy. 

 

 

Voluntary Participation and Early Withdrawal: 

Participation in this study is voluntary.  You may choose to stop being in the study at any time without any negative 

consequences. If you wish to withdraw simply inform a member of the research team and you are free to leave.  

 

 

Dissemination of findings: 

A summary of results will be made available for you to pick up in one year after the study is done.  

 

Copy of informed consent for participant: 

You will be given a copy of this informed consent to keep for your own records. 
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Consent form  

TO BE KEPT SEPARATELY FROM DATA FORMS 

 

Study titleThe effect of a mixed meal formulated with Chondrus crispus seaweeds on satiety and food intake in young 

males 

Participant ID assigned: ______________________ 

 

PARTICIPANT AUTHORIZATION: 

 

I have read or had read to me this information and authorization form and have had the chance to ask questions which 

have been answered to my satisfaction before signing my name. I understand the nature of the study and I understand the 

potential risks. I understand that I have the right to withdraw from the study at any time without any problems, and to do 

so simply need to inform a member of the research team. I have received a copy of the Information and Authorization 

Form for future reference. I understand that to receive compensation I will need to provide personal information including 

full name, current mailing address and a signature on the compensation form which will be returned to the university’s 

financial services department.  I freely agree to participate in this research study. 

 

Would you like to receive a summary of the results when they are available? Yes ___ No ____. 

Would you like to be contacted for future research? Yes ___ No____. 

 

Name of Participant: (Print) ______________________________________________________________ 

 

Date: ______________ Time: _________________ Participant ID: ______________________________ 

 

Sex _____ M   _____ F, Age ____ (y). Month and year of birth (mm/yyyy) _____________ 

 

If you would like to receive the summary of the results and/or be contacted for future research, please print your address 

below: 

_____________________________________________________________________________________ 

 

Participant Signature: _____________________  

 

Date: ______________ Time: _________________  

 

STATEMENT BY PERSON PROVIDING INFORMATION ON STUDY AND OBTAINING CONSENT 

 

I have explained the nature and demands of the research study and judge that the participant named above understands the 

nature and demands of the study. I have explained the nature of the consent process to the participant and judge that they 

understand that participation is voluntary and that they may withdraw at any time from participating. 

 

Name: (Print) _____________________ Signature: _____________ Position: ______________________ 
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Date: ______________________ Time: ______________________ 
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