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PREFACE

Human population is growing dramatically, and it will probably reach 
10 billion world inhabitants sooner than estimated. It implies important 
challenges never faced before by humans who need to organize and work 
on the development of mega-efforts to ensure universal access to health 
care, food, water, sanitization, energy, education, and housing. These chal-
lenges, natural or man-made, obligate the scientific community to proac-
tively seek new breakthrough food and nutrition solutions to ensure global 
food sustainability and nutrition security in the future. To achieve this, 
innovative solutions need to be considered throughout the whole food 
chain, inclusive of food choices and dietary patterns, in order to make 
significant improvements in the food supply, nutritional, and health status. 
In the case of foods, innovations in food processing techniques can signifi-
cantly contribute to meeting the needs of the future world population with 
respect to quality, quantity, and sustainability of food intake.

Those in academe and industry focused on food science and technology 
are constantly redefining their traditional forms for new ways to face the 
threats of the twenty-first century, which is marked by multiple unprec-
edented environmental challenges that could threaten human survival. The 
combined impact of climate change, energy and water shortages, envi-
ronment pollutants, shifting global population demographics, food safety, 
and growing disease pandemics all place undue stress on the planet’s food 
system, already in a sensitive balance with its ecosystem. 

Any changes to the food supply inevitably impact food, nutrition, 
and health trends and policies, particularly pertaining to food produc-
tion, agricultural practices, dietary patterns, nutrition, and health guidance 
and management. As a result, there is an urgent need to find alternative 
solutions to improve the efficiency and sustainability in the food supply 
chain by reducing food waste and enhancing nutritional qualities of foods 
through the addition of nutraceuticals to prepare functional foods and 
intelligent foods.

The Food Research Group of the School of Chemistry at Univers-
idad Autonoma de Coahuila (DIA-UAdeC) celebrates 25 years of exis-
tence and hard work, a period in which it has undergone a tremendous 
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transformation in order to provide solutions and new technological alter-
natives to the problems demanded by the region, the country, and some 
international elements. To achieve this, the group grew in the number of 
researchers, and therefore various lines of research are studied. Today the 
DIA-UAdeC is formed by research groups in Bioprocesses and Bioprod-
ucts, Biorefineries, Biocontrol, Natural Products, Molecular Biology and 
Ommic Sciences, Glic-Biotechnology, Nano-Bioscience, Edible Coat-
ings, Films and Membrane Technology, Food Engineering, Emerging 
Processing Technology, Food Science, and Functional Foods.

Two important Mexican postgraduate programs in Food Science and 
Technology are offered to Mexican and foreign students to whom the 
National Council of Science and Technology of Mexico (CONACYT) 
offers scholarships to carry out their MSc or PhD programs. 

The consolidation of national scientific cooperation has allowed 
the prolongation and substantially improvement of the generation and 
application of knowledge with the Autonomous Metropolitan University, 
the Autonomous University of Chihuahua, the Autonomous University 
of Tamaulipas, the Autonomous Agrarian University “Antonio Narro,” 
the Autonomous University of Nuevo León, the University of Colima, 
the Technological Institute of Durango, the Technological Institute of 
Ciudad Valles, the Technological Institute of Monterrey, and the centers 
of research CIQA, CINVESTAV, CIMAV, CIAD, CICATA, CIATEJ, 
among others. 

Strong linkages of international cooperation with institutions and 
research centers around the world have been established and are now 
generating important results in the framework of scientific and technolog-
ical cooperative projects and programs. They highlight their research part-
nerships with the University of Minho (Portugal); the University of Vigo 
(Spain); the University of Georgia (USA); the University of Marseille 
(France); the University of Valle and the National University of Colombia; 
the National University Nacional de Rosario, the National University of 
Rio Cuarto and the National University of La Plata (Argentina); Kannur 
University (India); Federal University of Pernambuco (Brazil); Univer-
sity of Torino (Italy); Jacobs University (Germany); Gachon University 
(Korea); and other important world-quality research centers including INL 
(Portugal); IRD and IMBE (France); ICIDCA (Cuba), and the Jawaharlal 
Nehru Tropical Botanic Garden & Research Institute (India). 
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For this reason, the research group has organized itself to celebrate 
its 25th anniversary by publishing a book that reflects the scientific and 
technological contributions in the field of food Science and technology 
generated by scientists of the DIA-UAdeC and some of its collaborators.

This Handbook of Research in Food Science and Technology consists 
of three volumes; (i) Food Technology and Chemistry, (ii) Food Biotech-
nology and Microbiology, and (iii) Functional Foods and Nutraceuticals, 
all of which will highlight the current trends and knowledge regarding the 
most recent innovations, emerging technologies, and strategies based on 
food design on a sustainable level. The handbook includes relevant infor-
mation on the modernization of food industries, emerging technologies, 
sustainable packaging, food bioprocesses, food fermentation, food micro-
biology, functional foods, nutraceuticals, natural products, nano- and 
micro-technology, healthy product composition, innovative processes/
bioprocesses for utilization of by-products, development of novel preser-
vation alternatives, extending the shelf life of fresh products, and alterna-
tive processes requiring less energy or water, among other topics.
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CHAPTER 1

ABSTRACT

The relationship of food with health maintenance and disease prevention 
has been well known since ancient times. However, the increasing accep-
tance of the connection between diet and health presents new opportuni-
ties and perspectives of food ingredients over physiological and metabolic 
functions and health and disease process in consumers. Non-communicable 
diseases (NCD) are responsible for 38 million deaths each year, approxi-
mately 28 million occur in low and middle-income countries. Cardiovas-
cular disease, cancer, and diabetes are the NCD that most death causes 
(17.5, 8.2, and 1.5 million people, respectively). Among the risk factors 
associated with NCD, the most important ones are smoking, physical inac-
tivity, harmful consumption of alcohol and unhealthy diets. In recent years 
functional foods have been used to treat different illnesses, including NCD. 
Functional foods are expressly made to improve health in patients besides 
of the nutritive function in the organism. In the present chapter, the most 
relevant studies on functional foods in NCDs, their health-disease relation-
ship, their components, improvements, uses and advantages are discussed. 
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1.1  INTRODUCTION

Functional food is defined as the food that provides preventive, curative, 
and or protective effect against one or more diseases, further its nutri-
tional benefits [1]. However specific denomination of what is functional 
food depends on each country, their internal legislation and the time that 
the country has been legislating, one example of a country with the high 
preoccupation of functional foods in Japan with 30 years of expertise in 
Foods for Specific Health Use (FOSHU). According to Ashwell [2] and 
Pravst [3] functional food can be one or a combination of following: a 
natural unmodified food with provided health effects; a vegetal or any 
food where a specific component has been improved through special 
growing, breeding or biotechnology conditions; a food where a compo-
nent has been added to provide health benefits; a food where, by techno-
logical or biotechnological techniques a component has been removed to 
provide health benefits that in another way they cannot be achieved; a food 
whereas a component has been replaced or other with favorable effects. 
No matter different definitions for functional foods, their main purpose is 
to improve human health.

Characteristics of modern life, particularly, eating habits and physical 
activity have favored an increase in overweight, obesity, diabetes, hyper-
tension, and cardiovascular disease (CVD) due that alimentation has 
turned excessive and inadequate, characterized by high caloric diet, rich 
in alcohol, animal fat, cholesterol, salt, and refined sugars with a low ratio 
between calories and nutrients [4]. These illnesses are also known as non-
communicable diseases (NCD) [5] that by definition are chronic diseases 
that are non-transmissible and non-infectious [6]. The costs generated 
direct (those related to medical intervention need for healthcare as reha-
bilitation, drugs, and hospitalization) and indirect (identified as the loss of 
productivity and the need to replace the workers affected by any of these 
the diseases) by NCD are considerable [4].

Data described in the Global Action Plan for The Prevention and Control 
of Non-Communicable Diseases 2013–2020 describes that the NCD’s 
bigger killers in the world are: cardiovascular diseases, cancers, chronic 
respiratory diseases, and diabetes, with more than 36 million people dying 
each year due to these diseases; this represents 63% of global deaths. 14 
millions of these deaths occur in people between 30 and 70 years old, most 
of these deaths (86%) take place in low and middle-income countries [7]. 
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Environmental behavior plays an important role in the development of 
NCD due to the interaction between foods, nutrients, and human genetic 
make-up [4]. Among the most important environmental behavior that 
presents risk factors, the eating habits and physical activity are present.

Raised blood pressure, overweight/obesity, hyperglycemia, and hyper-
lipidemia are the four metabolic changes that directly increase the risk of 
NCD apparition [5]. According to the Global Burden of Disease reported 
study, 19% of global deaths are attributable to raised blood pressure 
followed by obesity [8].

Keys et al. [9] developed the first study where coronary heart diseases 
were directly associated with diet, giving a new point of view to food, 
especially to the Mediterranean diet, that is synonymous with healthy 
and delicious food. Mediterranean diet is composed mainly of olive oil, 
garlic, wine, almonds, vegetables, and fish [10]. Also, diets rich in high-
fiber foods and low glucose and fat apportion have been associated with a 
reduced cardiovascular risk [11].

Today functional foods are a part, with nutraceuticals and beverages, of 
a $150 billion dollar market, with a growth of 10% each year [12]. One of 
the reasons is that healthy foods have fundamental market conditions like 
science, innovation, and resolution of health problems such as heart attacks 
[13]. By the way, ethical fundaments, convenience, and scientific justifica-
tion must support elaboration and commercialization of functional foods.

Recent advances in the food industry have led to the creation and 
recommendation for the consumption of food with bioactive compounds, 
such as omega 3 and 6 and natural antioxidants as polyphenols, that repre-
sents most abundant natural antioxidants in human diets [14, 15]. Poly-
phenols play an important role as antioxidants, what it means they reduce 
oxidative phenomena implicated in the aging process and oxidative stress 
chain, bot important damage causes in the body related to NCD develop-
ment [16, 17].

Obesity is one of the most dangerous epidemics of XXI century, only 
in the European Union 35% of people are overweight; 20% in the United 
States of America and 39% of adults around the world are overweight 
and 13% presents obesity [5, 18]. This is an important fact since obesity 
is a key risk factor that triggers others NCD like diabetes mellitus (DM), 
hypertension, and metabolic syndrome. Obesity is also related to the 
development of several types of cancer [19].
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During obesity, mitochondrial dysfunction and impaired energy metab-
olism are central alterations. In a hypercaloric diet or when nutrient surplus 
overwhelms the mitochondrial system, these organelles get damaged and 
its functions are impaired, with the accumulation of incompletely oxidized 
lipidic compounds derived from the Krebs cycle with the accumulation of 
fat and oxidative stress generation [6]. Due to this, a balanced and adequate 
diet can help maintain the health of people and functional food can reduce 
complications, prevent, and avoid illnesses and damage, especially the 
development of NCD such as cancer, DM, and CVD.

1.2  FUNCTIONAL FOODS AND CANCER PREVENTION

Cancer is one of the major health problems and it is causing one of each 
eight deaths worldwide. Approximately 25% of Americans will have 
cancer in their lifetime. Treatment usually involves the expensive and 
often traumatic use of drugs, surgery, and irradiation. The 13.3 million 
new cases of cancer in 2010 were predicted to cost US$ 290 billion, but 
the total costs were expected to increase to US$ 458 billion in the year 
2030 on the basis of World Economic Forum in 2011 [20].

Food plays a very important role in the development and prevention of 
this disease without forgetting the rest of the risk factors that contribute to 
its incidence, including the genetic ones [21]. There are a series of food 
that due to his physicochemical components help to protect against the 
previously NCD’s mentioned fruits and vegetables can be emphasized. 
In addition, there are other groups of foods that consumed in excess can 
favor the appearance of cancer, particular, the food with high contents of 
carcinogens, such as heavy metals, pesticides, and aromatic hydrocarbons 
(present in smoked foods).

The term functional food was first introduced in Japan in the mid-
1980s and refers to processed foods containing ingredients that provide 
specific health functions in addition to being nutritious. The Institute of 
Medicine’s Food and Nutrition Board/National Academy of Science [22] 
defined functional foods as “any food or food ingredient that may provide 
a health benefit beyond the traditional nutrients it contains.” The European 
Commission Concerted Action on Functional Food Science in Europe 
(FUFOSE) regards a food as functional if it is satisfactorily demonstrated 
to modify beneficially one or more target functions of the body, in a way 
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that it is relevant to an improved state of health and well-being and/or a 
reduction of disease risk, beyond adequate nutritional effects.

Dietary habits are linked with the development of cancer; diet with 
low whole grains is regarded as the main factor for the development of 
various cancers. The importance of food in cancer prevention has been 
documented. Food invariably is the source of various nutrients; however, 
certain foods go beyond their basic function of providing nutrients and 
possess health-enhancing properties. There have been numerous evidence-
based studies about the effectiveness of functional food’s cancer thera-
peutic and/or -preventive potential. Dietary factors causally linked with 
various cancers are high calorie fatty foods (breast cancer), salted food 
(stomach cancer), low fruits and vegetables intake (breast, oral, and lung 
cancer), red meat consumption (colon, breast, and pancreatic cancer) and 
low fiber diet (colon cancer) [23].

The risk of developing cancer is reduced by half in people consuming 
diets high in fruits and vegetables when compared with those consuming 
diets with less fruits and vegetables. The anticarcinogenic potential foods 
include vitamin C, vitamin A, vitamin E, selenium, allium plants, soybean, 
cruciferous vegetables, flax seeds and dietary fibers. The major vegetables 
include broccoli, cauliflower, radish, kale, Brussels sprouts, watercress, 
and cabbage that are used either fresh or cooked, but the lower incidences 
of many chronic diseases such as cancer and cardiovascular-related 
ailments are associated with consumption of vegetables rich dietary 
regimes [23–25].

High fiber diet prevents prostate cancer progression in the early stages 
based on Asian and Western cultures. Therefore, whole grain and bran 
products promise potential applications as anticancer ingredients in func-
tional foods [26]. Vitamin B6 and riboflavin intakes from the diet were 
associated with a decreased risk of colorectal, lung, breast cancer and so 
on [27].

Several functional foods that have been obtained from various sources 
such as plants, animals, and microbial sources are reported to possess 
anticancer effects with varying mechanisms of action as antimetastatic, 
induction of apoptosis, antiproliferative, antiangiogenic, scavenging of 
free radicals, inhibition of matrix metalloproteinases, etc. Examples of 
functional foods that evinced anticancer potential include cereals, vegeta-
bles, beverages, dairy products, fish oil, beef, mushroom, and probiotics 
[28, 29].
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Nutrition is related to about 30% of all the cancers cases. Cancer biolo-
gists have concerned in the application of natural products to improve the 
survival rate of cancer patients. Americans, Japanese, and Europeans are 
turning to the use of dietary vegetables, medicinal herbs, and their extracts 
or components to prevent or treat cancer [20].

Functional foods are foods and food components that supply health 
benefits beyond basic nutrition. These foods are similar in appearance to 
conventional foods; functional foods consumed as part of the normal diet. 
Functional food supplies the body with the needed amount of vitamins, 
fats, proteins, carbohydrates, required for its healthy survival [20].

There are several examples of functional foods showing anticancer 
activity that may be exhibited via varying modes of action, e.g., bitter melon 
inhibits the proliferation of cancer cells, fish oil exhibits anticancer activity 
via inhibition of metastasis, several species of mushrooms especially 
Tricholoma matsutake act by inducing apoptosis and has shown beneficial 
effects in the treatment of oral cancer. Some functional foods have shown 
anticancer efficacy via inhibition of pathological angiogenesis such as green 
tea, red grapes, etc. Several functional foods evinced anticancer activity via 
scavenging free radicals, for example, garlic, broccoli, green tea, soybean, 
tomato, carrot, cabbage, onion, cauliflower, red beets, cranberries, cocoa, 
blackberry, blueberry, red grapes, prunes, and citrus fruits. Thus, functional 
foods offer a potential for the prevention and treatment of cancer and there-
fore may act as an alternative for cancer therapy [28].

Wheat straw hold various bioactive compounds such as policosanols, 
phytosterols, phenolics, and triterpenoids, having enormous nutraceutical 
properties like anticancer, anti-inflammatory, anti-allergenic, antioxidant, 
anti-atherogenic, anti-microbial, anti-thrombotic, antiviral, cardioprotec-
tive, and vasodilatory effects [30]. β-glucans belong to a group of polysac-
charides located in the cell wall of bacteria, fungi including mushrooms, 
as well as cereals such as barley and oats, and their anticancer effects were 
demonstrated mainly in in-vitro and in-vivo experimental systems [31].

Cereals (rice, barley, and wheat) have been reported to possess cancer 
preventive property. Its cancer preventive activity can be attributed to 
‘lunasin’ a cancer preventive, anti-inflammatory, and cholesterol-reducing 
peptide found in cereals. Bran is the hard outer layer of cereal grains, which 
accounts for 10%, rich in a myriad of phytochemicals with anticancer as 
phenolics, flavonoids, glucans, and pigments. Twelve sphingolipids from 
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wheat bran extract showed growth inhibition against human colon cancer 
cell lines in vitro. The antitumor effects of mushrooms have been reported 
for breast, colon, gastric, prostate, pancreatic, cervical, and ovarian cancer 
as well as endometrial cancer [32].

Rice (Oryza sativa L.) is one of the most important cereal for human 
nutrition [33] and contributes 21% to human’s nutrient intake and energy 
requirements. Asia accounts for 92% of the world’s total rice production 
(6.78 million tonnes). Germinated brown rice is not only richer in the 
basic nutritional and bioactive components, but also become a popular 
functional food, which exhibits many physiological effects, including 
anticancer, antihypertension, antidiabetes, etc. chronic diseases [34]. The 
pigmented rice contains a variety of flavones, tannin, phenolics, sterols, 
tocols, γ-oryzanols, amino acids, GABA, and essential oils, which has a 
lot of bioactivities including antitumor, antioxidant, antiatherosclerosis, 
hypoglycemic, and antiallergic activities [35]. The dietary rice bran may 
exert beneficial effects against several types of cancer, such as leukemia, 
breast, lung, liver, cervical, stomach, and colorectal cancer [36, 37]. There-
fore, dietary rice bran and brown rice have the potential to have a signifi-
cant impact on cancer prevention for the global population.

The anticancer activity can be mainly attributed to biopolymers. Higher 
consumption of fruit improves protection for maintaining human health 
against oxidative damage that may play a role in carcinogenesis and some 
chronic diseases, namely oxidative damage and lipid peroxidation. Citrus 
fruits have been reported to possess potential anti-cancer activity, which 
can be attributed to the presence of bioactive compounds like limonene 
and flavonoids such as quercetin, myricetin, rutin, tangeritin, naringin, and 
hesperidin. Pomegranate has been reported to be effective in the preven-
tion of colon, prostate, and breast cancer because of hydroxycinnamic 
acids found in all parts of fruit [32].

Ellagic acid and resveratrol are found in grape skin, berries, and red 
wine that are known to have anti-inflammatory activity and inhibit the 
synthesis of prostaglandins stimulating tumor cell growth [32]. Probably 
the most intensively investigated class of physiologically-active compo-
nents derived from animal products are the fatty acids, predominantly 
found in fatty fish such as salmon, tuna, mackerel, sardines, and herring.

There’s a delicate balance of bioactive components in rice bran show 
anti-cancer activity, namely dietary rice bran may exert beneficial effects 
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against breast, lung, liver, prostate, intestinal, and colorectal cancer. Diet 
with low fresh vegetables is a major factor that causes cancers, especially 
the deficiency of malnutrition. There are vitamins from vegetables with 
anticancer activity but they are easily destroyed after cooking [38].

Vitamin B6 and riboflavin intakes from the diet were associated with a 
decreased risk of colorectal, lung, and breast cancer [27]. Higher concen-
trations of plasma carotenoids and lutein may reduce the risk of urothelial 
cell carcinoma [39]. Selenium (Se) and calcium (Ca) deficiency were asso-
ciated with cancer risk, but higher Se supplementation has been associated 
with lower cancer mortality [40], and a possible role for increasing dietary 
calcium intake in lung cancer prevention among female nonsmokers [41]. 
Iron (Fe) efficacy is a recommended key step in modern cancer patient 
management to minimize the impact on quality of life and performance 
status [42]. Zinc level regulation dysfunction has been identified in pros-
tate cancer cells and may thus play an important role in the prostate cancer 
pathogenesis [43].

1.3  FUNCTIONAL FOOD FOR CARDIO-PROTECTIVE EFFECT

Numerous studies have confirmed that diets rich in fruits and vegetables 
are cardio-healthy and contain some bioactive substances that make food 
preventive against cardiovascular diseases; On the other hand, the preva-
lence of cardiovascular diseases is increasing around the world. It is impor-
tant to address the risk factors related to this disease such as smoking, 
dyslipidemia, obesity, diabetes, hypertension, and ultimately hyperhomo-
cysteinemia [44].

1.4  POLYPHENOLS

In nature, there are a wide variety of compounds that have a molecular 
structure characterized by the presence of one or more phenolic rings. 
These compounds can be called polyphenols (Figure 1.1). They originate 
mainly in plants, which synthesize them in great quantity, as a product 
of their secondary metabolism. Some are indispensable for physiological 
functions. Others participate in defensive functions in situations of stress 
and prevention of predators [45].
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FIGURE 1.1  Example of main polyphenols, (a) hydrolyzable tannins, (b) flavonoid or 
condensed tannins, and (c) lignin.

1.5  CATECHINS AND PROANTHOCYANIDINS

The beneficial health effects of catechins and proanthocyanidins present in 
fruits and vegetables are related to their antioxidant properties (inhibition 
of LDL oxidation) as well as inhibition of platelet aggregation, modula-
tion of endothelial function and antihypertensive properties. Experimental 
studies with isolated animals and tissues have shown that proanthocyani-
dins have a vaso-relaxing effect and this depends on nitric oxide-cyclic 
guanosine monophosphate (NO-cGMP) [44].

The epigallocatechin gallate characteristic of green tea composition 
reduces vascular inflammation by increasing nitric oxide (NO) synthesis, 
thereby blocking endothelial exocytosis [44]. On the other hand, it was 
demonstrated in an experimental study with rats; that at the dose of 50 mg/
kg and 200 mg/kg showed lower levels of total cholesterol, LDL and CT/
HDL and LDL/HDL significantly, however, triglyceride and HDL levels 
did not increase significantly [46].

Diet plays an important role in the maintenance of optimal cardiovascular 
health [47]. Consumption of fruits and vegetables is associated with lower 
concentrations of total and low-density lipoprotein cholesterol and with a 
decreased incidence of CVD [49]. This effect has been ascribed, in part to 
the antioxidants; Polyphenols, tocopherols, and carotenoids in plant-based 
foods. Plant foods rich in antioxidant molecules have received a growing 
interest because they delay the oxidative degradation of lipids [50, 51].



10� Handbook of Research on Food Science and Technology, Volume 3

Another author in an experimental study concluded that the proanthocy-
anidins present in the serum of rats two hours after the administration of a 
grape seed extract, decreased the synthesis of triacylglycerols, cholesterol, 
and cholesterol-esters in cultures of human liver cells; on the other hand 
flavonoids which have a catechol group on ring B in their structure, a double 
bond between carbon 2 and carbon 3 of ring C and a ketone group on carbon 
4 of ring C are the most effective inhibitors of the angiotensin converting 
enzyme; in turn the proanthocyanidins of grape seed extract had an antihy-
pertensive effect in spontaneously hypertensive rats at a dose of 375 mg/kg, 
with a maximal effect at 6 hours after the ingestion of the extract, returning 
to the basal levels of tension arterial at 48 hours post administration [52].

Regular consumption of vegetables including tomatoes is associated 
with numerous health benefits, such as prevention of chronic-degenerative 
and cardiovascular diseases. Responsible for these properties in fruits, are 
the antioxidant compounds that comprise lycopene, flavonoids, phenols, and 
vitamins as C and E. The content and stability of these compounds depends on 
the cultivar or variety used, environmental conditions of cultivation, state fruit 
ripening and post-harvest treatments such as scalding, cutting, packaging, and 
refrigeration. Also, there are differences in the stability and bioavailability of 
the antioxidant compounds in the different tomato products, this information 
is important to diffuse the consumption of functional products [53].

Rice bran oil contains an array of bioactive phytochemicals of anti-
oxidant activity such as oryzanols, phytosterols, tocopherols, tocotrienols, 
and policosanols [54, 55]. It was reported that rice bran oil possesses 
hypocholesterolemic properties primary attributable to its balanced fatty 
acid composition and high levels of the antioxidant phytochemicals [56] 
like orzynol, that has a greater effect on lowering plasma LDL-cholesterol 
levels and raising plasma HDL-cholesterol possibly through increasing the 
fecal excretion of cholesterol and its metabolites [56]. Wheat germ oil has 
been reported to contain phytosterols, unsaturated fatty acids and oryzanol 
which collectively possess lipid-lowering and antioxidant effects [51].

Carrot and tomato acetone extracts in the studied mixture are good 
sources of carotenoids, especially b-carotene and lycopene, respectively, 
which were reported previously to possess antioxidant and hypocholester-
olemic effects [58, 59]. Lycopene and b-carotene augmented the activity 
of the macrophage LDL receptor [58]. In addition, tomato contains escule-
oside A, a new glycoside, which was identified from tomato with contents 
4 times higher than lycopene [51, 60].



Trends in Functional Food in Non-Communicable Diseases� 11

The oral administration of esculeoside A to apodeficient mice signifi-
cantly reduced the levels of serum cholesterol, triglycerides, LDL-choles-
terol, and the areas of atherosclerotic lesions without any detectable side 
effects [60]. Epidemiological studies suggest that a diet rich in carotenoids 
is associated with a reduced risk of heart disease and cancer [61] Harari 
et al., [61] suggested that 9-cis b-carotene have the potential to inhibit 
atherogenesis in humans via its conversion to 9-cis retinoic acid, a ligand 
of the nuclear receptor Rexinoid x Receptor (RxR). Several studies indi-
cated that RxR and its heterodimers have the potential to reduce athero-
sclerosis by affecting lipid metabolism [62], cell migration [63], apoptosis 
[64], and inflammation [51, 65].

1.6  ISOFLAVONES

Some studies mention that soy contains isoflavones, where the role of 
isoflavones is the reduction of serum cholesterol levels. Other clinical 
studies show that isoflavones reduce the susceptibility of reducing lipid 
oxidation and it has been observed that they may have a similar effect to 
digitalis in the relaxation of the coronary arteries through the mechanism 
that involves blocking the calcium channels [44].

Flavonoids may prevent the adhesion of monocytes in the inflamma-
tory process of atherosclerosis, thereby having health benefits in cardio-
vascular disease. Flavonoid has been reported to offer protection against 
cardiovascular diseases, such as coronary heart disease [51, 66].

1.7  RESVERATROL AND CARDIOVASCULAR HEALTH

In wines is where resveratrol is found, especially in red wine, it is cardio-
protective and acts on different levels. Some studies show the antiplatelet 
effect of resveratrol in vivo and in vitro; also has the ability of vasodilata-
tion attributing the ability to stimulate the calcium and potassium channels 
and to improve nitric oxide in the endothelium [44].

1.8  MODULATOR OF LIPID METABOLISM

In vivo experiments in rats with spontaneous hypertension prone to 
myocardial infarction demonstrate that resveratrol reduces markers 



12� Handbook of Research on Food Science and Technology, Volume 3

of oxidative stress in glycated serum and 8-hydroxyguanosine in urine 
albumin [44].

1.9  BIOACTIVE PEPTIDES

The main effect of peptides in the cardiovascular system describes that 
these are related to the antithrombotic and antihypertensive activity. Some 
of the peptides with greater antithrombotic activity are found in milk such 
as α-lactalbumin (α-LA), β-lactoglobulin (β-LG), caseins (CN), immuno-
globulins (Ig), lactoferrin (LF), peptide-protein fractions, phosphoglyco-
proteins, and minor serum proteins (transferrin and albumin serum) [44].

1.10  PLANT STEROLS

There is a wealth of scientific evidence that sterols in plants have a signif-
icant hypocholesterolemic effect by reducing the concentration of both 
total cholesterol and LDL cholesterol (Low-Density Lipoproteins). The 
most studied effect of the sterol plants (Figure 1.2) is the inhibition of 
intestinal absorption of cholesterol, being able to move cholesterol from 
absorption micelles, reducing, and adding plant sterols, reducing the 
amount of cholesterol exported in the blood in the form of chylomicrons; 
the higher plants contain phytosterol which is actually a mixture of three 
component components: campesterol, sitosterol, and stigmasterol. Fungi 
and yeast contain ergosterol type sterols [44].

FIGURE 1.2  Campesterol as plant sterol example.
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1.11  OMEGA–3 FATTY ACIDS

There is compelling evidence that different types of dietary fatty acid have 
divergent effects on CVD risk and that the type of fat is more important 
than the total amount of fat. The effect of a specific fatty acid depends 
strongly on the source of calories with which it is compared. Little or 
no cardiovascular benefits were seen when saturated fatty acids (SFA) is 
replaced by total carbohydrate, but a significant reduction in CVD risk is 
achieved when SFA is replaced by monounsaturated fatty acids (MUFA) 
and/or polyunsaturated fatty acids (PUFA). The effects of different food 
sources of SFA and different lengths of SFA warrant further study [67].

Although higher intake of trans fatty acids (TFA) from hydrogenated 
vegetable oils has adverse effects on lipid profile and CVD risk, the 
effects of trans isomers from ruminant fat remain controversial. Abundant 
evidence from randomized clinical trials (RCTs) and prospective cohort 
studies support the benefits of both n–6 and n–3 PUFAs, including both 
plant-sourced α-linoleic acid (ALA) and long-chain n–3 PUFAs from fish, 
in reducing CVD risk, but the benefits of fish oil supplements have not 
been clearly demonstrated [67].

Fatty acids, in addition to their known energy value, are part of the 
phospholipids of the membranes of the body cells, exerting a clear influ-
ence on the composition of the cell membrane and determining, to a greater 
or lesser degree, the structure and finality of the cell. This functionality 
includes various aspects such as fluidity and permeability, lipid peroxida-
tion, gene influence, etc. [67].

The main sources of alpha-linolenic acid (ALA) are walnuts and espe-
cially the vegetable oils of flax, rapeseed, safflower, soybean, evening 
primrose and flax. As for eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), the richest sources are fish oils. The content of omega-3 
polyunsaturated fatty acids (PUFAs ω-3) varies according to the fish 
species, their location, the season of the year and the availability of phyto-
plankton [68].

The ω–3 PUFAs act on the cardiovascular system through a multitude 
of pathways exerting a beneficial effect on cardiovascular risk. They exert 
a stabilizing action of the cellular membrane producing an antiarrhythmic 
effect [68]. In addition, the ω–3 PUFAs inhibit platelet aggregation, 
particularly collagen-induced aggregation, and thromboxane A2 (TXA2) 
production, which discretely prolong bleeding time when administered 
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at doses >3 g/day. They are also attributed overall favorable effects on 
the lipid profile (decrease in triglycerides and VLDL cholesterol, possible 
increase in HDL cholesterol) and hypotensive properties [68] (Figure 1.3).

FIGURE 1.3  Examples of meaning ω–3 PUFAs: alpha-linolenic acid, eicosapentaenoic 
acid, and docosahexaenoic acid.

Several studies [68, 69] show that fish behaves as a more efficient 
vehicle in terms of bioavailability, in addition to providing proteins of 
high biological value and trace elements such as iodine and selenium [68].

The metabolic syndrome is of great concern worldwide because 
it increases enormously the risk of suffering type-2 diabetes mellitus 
(T2DM) and cardiovascular disease. Fortunately, epidemiological studies 
have shown that healthy diets rich in fruits, vegetables, grains, fish, and 
low-fat products have a protective role against the components of the 
metabolic syndrome, such as hypertension, hyperglycemia, hypertriglyc-
eridemia, obesity, and low HDL levels. In this regard, dietary lipids are at 
the same time capable of developing these risk factors and to ameliorate 
them. SFA is overall deleterious, while MUFA and PUFA, as well as some 
of the minor components present in some dietary oils, are beneficial for 
these factors, despite some the different controversies raised [70].

In any case, modification of the fatty acid and phospholipid compo-
sition of plasma membrane leads to changes in the functionality of 
proteins involved in insulin activity, like the insulin receptor, GLUT-4, 
CD36/FAT and ABCA-1, which have important roles in the metabolism 
of glucose, fatty acids and cholesterol, and, in turn, in the key features 



Trends in Functional Food in Non-Communicable Diseases� 15

of the metabolic syndrome. In consequence, modification of plasma 
membrane lipid composition with dietary lipids not only might protect 
against the development of insulin resistance, but also it can improve some 
of the altered markers of the metabolic syndrome. In fact, by modifying 
cell membrane composition, dietary oils are capable of reducing serum 
glucose and triglyceride levels, increasing those of HDL-cholesterol and 
lowering blood pressure [70].

As for differences by gender, men need to eat more fish than women to 
obtain the same level of PUFA ω–3 [68]. Table 1.1 describes the mecha-
nism of action of some food functional ingredients.

1.12  FUNCTIONAL FOODS IN DIABETES AND OBESITY

As stated earlier, obesity is one of the principal NCD and a determinant risk 
factor for the development of other NCD as DM and cancer for example; 
DM is one of the most important causes of death and an NCD targeted as 
“priority” for the governments around the world [5]. DM is also intimately 
related to diet since one of its principal axes is the management of blood 
glucose concentration that depends on a big proportion of the quantity and 
type of sugar comprised in the diet. Due to it’s various short and long-term 
complications, health researchers have been researched and developed 
a wide range of treatments including consuming of some foods claimed 
as functional. Since 2003, plants have been declared as a great source of 
dietary supplements that may represent a valuable help in control of DM 
and in the prevention of its complications [72]. The use of foods, princi-
pally plant-derived foods, as treatment for DM has its beginning in the 
traditional medicinal practices (also named “alternative medicine") gener-
ally raised from the religions practiced by ancestral cultures, an example is 
the Unani medicine from India where the pomegranate (Punica granatum 
L.) is used to control type 2 DM (T2D) [73]. During the past years, several 
studies have analyzed the relationship between diet content and T2D and 
found that consumption of fruits and vegetables blunted the risk of devel-
oping the illness [74]. These findings have generated a crescent interest of 
the scientific community on those foods, food ingredients (as raw mate-
rial) or food components (as nutraceutical compounds) that have the possi-
bility of exerts a beneficial activity on the people who present T2D and its 
complications.
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Many natural, unmodified foods have been tested to probe its poten-
tial antidiabetic and/or antiobesity functionality; these groups comprises 
vegetables, fruits or spices and have been found diverse results [75]. Most 
of these studies have as test material vegetables (understood as any eatable 
part of a plant) and fruits of dark colors or very strong tastes; some of 
these materials are blueberry [76, 77], blackberry [78, 79], grapes [80, 81], 
strawberries [82, 83], pomegranate [84, 85], cinnamon [86, 87], ginger 
[88], garlic [89, 90], among others. In the other hand, a wide different 
variety of bioactive compounds or food-obtained compounds/extracts 
(like essential oils or peel extracts) from foods have been used as potential 
functional foods ingredients or supplements instead unprocessed foods. 
Proteins like Casein [91], lipids as conjugated linoleic acid [92], organo-
sulfur compounds like Z-ajoene [89], polyphenolic compounds like fisetin 
[93], resveratrol [94] or phenolic extract from different vegetal sources 
(even byproducts) [95–98] has been tested. These studies prove that virtu-
ally all fruits and vegetables are a good source of bioactive compounds 
with the ability to improve the metabolic stage of a diabetic subject.

1.13  IN VITRO STUDIES

All these studies have been carried out in all kind of experimental models. 
As an example epigallocatechin-3-gallate, the major phenolic compound 
found in green tea has been reported to present, besides its well known 
that antioxidant activity, a capacity to ameliorate the insulin resistance in 
a HepG2 cell model pretreated with high glucose in the culture medium 
to induce the impaired metabolic conditions [99]. Aloe vera, cinnamon, 
lychee, black cumin, avocado, grape, and ginger are foods that have been 
part of in vitro studies and showed the capacity to inhibit the activity of 
α-glucosidase and α-amylase [74].

1.14  ANIMAL STUDIES

During the recent years most research doing animal experimentation 
on the effect of any bioactive food/food component over DM, insulin 
resistance or metabolic syndrome prefers a model based on rats (Ratus 
norvergicus) with a variety of methods to induce the specific illness like 
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alloxan or streptozotocin for DM [100, 101] or fructose administration 
for insulin resistance [102]; besides, some studies have been carried out 
in normal animals [74]. Other experiments used a genetically modified 
organism that expresses the desired illness [97]. Experiments on animals 
have thrown a very interesting result. Treatment of experimental diabetic 
animals with a variety of vegetable extracts (ethanolic, aqueous, hydroal-
coholic, or organic solvent extracts), essential oils or plant parts (seed, 
bulbs) have thrown four principal effects: (i) Low of glucose concentration 
in plasma, serum or whole blood in fasting and/or postprandial conditions; 
(ii) Increments in the production, secretion and/or blood concentration of 
insulin; (iii) Improvement of lipid profile lowering the serum levels of 
total cholesterol and triglycerides and raising the concentration of High 
Density Lipoproteins (HDL); and (iv) Diminutions in glycosylated hemo-
globin, that is a long-term reference of blood glucose levels [74]. Besides 
these benefits, protection of liver damage, recuperation of renal function 
[103, 104], regeneration of pancreatic β-cells [105, 106], and protec-
tion against weight loss proper of DM [107] are others beneficial effects 
exerted by treating diabetic animals with extract from onion, saffron, bitter 
gourd, black cumin and ginger [75]. Additionally, improving effects of the 
impaired protein metabolism of DM have been reported in animal studies 
too [108–110].

1.15  HUMAN STUDIES

Human trials have been carried out with diabetic, pre-diabetes, and meta-
bolic syndrome patients under a wide variety of experimental designs. It is 
possible to found experiments so different from clinical trials with a small 
number of participants [111–113] to big randomized, double-blinded, and 
placebo-controlled multicenter protocols [114–116]. Nevertheless the size 
and experimental design used for each study, the overall results thrown 
by these works agree with the major effects found in the animal trails: 
(i) reduced levels of blood glucose (non fasted and fasting) as well as 
improved glucose tolerance; (ii) improved insulin metabolism, principally 
as an enhanced sensitivity to the hormone and decreased insulin resistance; 
and (iii) improved lipid profile, traduced as a reduced level of total choles-
terol and triglycerides, lower concentration of low density lipoprotein 
and higher concentration of high density lipoproteins [74]. Additionally, 
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reduced levels of fructosamine levels [113] and an improved function of 
β-cells [117] have been reported.

It is important to say that not all the studies report beneficial effects of 
the consumption of functional food or components n patients with DM. 
Although no toxic effect of these treatments has been reported, there are 
few studies where no difference is observed between the experimental 
group that consumes the functional food (Momordica charantia) and the 
control/placebo group [117, 118]. This lack of difference may be due to 
the fact that these studies administrated to patients capsules of the dried 
whole fruit of bitter melon and not an extract obtained from it. Virtually, 
all studies that report an effect of consumption of this functional fruit over 
metabolism have as treatment the administration of a variety of extracts 
(aqueous, ethanolic or other organic solvent extracts) [106, 111, 115, 
119, 120]. Obviously, the administration of non-processed fruit (besides 
drying) have not the same presence of bioactive compounds that a treat-
ment based on an extract obtained from the vegetal material that has been 
designed to be rich in those compounds. Whole non-treated or dried fruit 
may present problems of bioavailability or degraded content of the bioac-
tive compounds that have the capability to exert the benefic effects.

1.16  ANTIOXIDANTS AND PROBIOTICS

It is evident that most reported functional foods are obtained from vege-
tables (or are the vegetables by themselves) but other important func-
tional food components are probiotic. Probiotic was initially defined as 
compounds produced by microorganisms that promote growth in other 
species [121]; after that the term was defined as “a live microbial feed 
supplement which beneficially affects the host animal by improving its 
intestinal balance"; but nowadays, and according to the WHO, in the field 
of human health are known as live microorganisms, that when adminis-
trated in adequate amounts have benefic effect over the hosts health [122–
124]. Healthy conditions of gut microbiota have been related in recent 
years to general health maintenance and specific diseases fight or preven-
tion; number, type, and function of bacteria of microbiome vary among 
different parts of gastrointestinal tract and is viability depend on environ-
mental factors as pH, oxygen, and composition of the ingested food [125]. 
Loss of microbiome homeostasis, known as dysbiosis, can be triggered by 
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several factors as some drugs like antibiotics and others, chronic stress, 
gastrointestinal tract infections (disturbing typical bacteria species equi-
librium) and, perhaps the most important, diet composition especially 
high-fat and high-protein diets. Dysbiosis can lead to a wide range of 
health problems including obesity and DM due to the tight relationship of 
the microbiome with the metabolism of energy and glucose.

In diet, two principal sources of probiotics are fermented beverages 
and dairy products; both can be considered as functional foods due to its 
beneficial microorganism content besides its content of other bioactive 
(as an antioxidant). Probiotics begin to be a point of interest since 1977, 
when Mann observed that consumption of big amounts of milk fermented 
with wild strains of Lactobacillus and Bifidobacterium (yogurt) provoked 
a diminution in serum cholesterol [126]. Since then, profilactic use of 
probiotics has been investigated as a dietary supplement or complemen-
tary treatment that can improve metabolic health much more far than 
gut microbiome. It has been proved that gut microbiota is intrinsically 
related to immune and inflammatory responses [127, 128]; this relation-
ship directly involves the conditions of gut microbiome to DM and obesity 
through the inflammatory component of both diseases. Relation with DM 
is tightly bonded to the composition of microbiota; Larsen et al. demon-
strated in 2010 that diabetic patients have a significantly lower proportion 
of Firmicutes and Bifidobacteria species in microbiota than non-diabetic 
subjects [129]. A more recent study reported that alloxan-induced diabetic 
rats feed with fermented milk containing a Lactobacillus fermentum 
strain (RS–2) were partially protected against the development of diabetic 
complications improving the glucose control and the antioxidative enzy-
matic profile compared with diabetic control group [130–133]. All these 
studies make an outlook on the state of the art of the functional foods as a 
treatment of the diabetes mellitus and the obesity.

1.17  CONCLUSIONS

There exist a series of food that due to his physicochemical components 
help to protect against the above-mentioned disease, inside the fruits and 
vegetables can be emphasized. In turn, also there are other groups of foods 
that consumed in excess can favor the appearance of cancer, particularly, 
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the food with high contents of carcinogens, such as heavy metals, pesti-
cides, and aromatic hydrocarbons present in smoked foods.

In general, it can be concluded that more than consuming a group of 
foods to prevent cancer, it is more important to follow a balanced diet, 
with a high consumption of fruits, vegetables, whole grains, legumes, 
nuts, and fish, which will cause Decrease the consumption of other foods 
not so beneficial. As a final conclusion, a balanced diet and an active life-
style contribute beneficially to the nutritional status of the population that 
promotes the maintenance of good health, particularly in relation to the 
onset of cancer. In addition, it is necessary to emphasize the importance 
of the feeding not only as preventive of cancer but during the evolution of 
the same.

The consumption of polyunsaturated fatty acids ω–3 is related to a 
decrease in the risk of cardiovascular diseases, reducing the risk of death 
associated with this type of pathology. Fatty fish, rich in polyunsaturated 
fatty acids ω–3, besides being an excellent source of proteins and minerals, 
are presented as a reference food in cardio-healthy diets.

Resuming, many natural foods have the potential to be functional and 
many of them are capable to give a support for the treatment of metabolic 
diseases as DM, metabolic syndrome and obesity, mainly fruits and vege-
tables. These foods represent too a good source of bioactive compounds 
that can be used as a functional ingredient in the preparation of specially 
designed foods that can help to improve the life quality of diabetic and 
obese patients. By another hand, there exist alimentary products that 
present functionality over this illness like dairy and fermented foods (like 
cheese and wine, for example). The inclusion of these functional foods in 
the regular diet of diabetic and obese patients is a common practice but 
needs to be evaluated by health professionals to reach the possibility to 
gain maximum benefits from them.
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CHAPTER 2

ABSTRACT

In this chapter, some of the newest trends in the incorporation of prebiotics 
and probiotics in food processing are reviewed, as well as the synergism 
between them and action for the benefit of the consumer. This revision 
intends to provide an updated overview on the development of functional 
product and the importance of sensory analytical techniques in the devel-
opment of them. And also review how the incorporate of probiotics and 
prebiotics improves the quality of food and how it acts in the health and 
well-being of the consumer, including probiotics and prebiotics in the 
market, functional food manufacturing, preservation, and control.

2.1  INTRODUCTION

The primary role of diet is to provide enough nutrients to meet metabolic 
requirements, while giving the consumer a feeling of satisfaction, state 
of physical and mental well-being [1–4]. Foods contain various dietary 
components with an array of health benefits that offers an excellent oppor-
tunity to improve public health and well-being. Moreover, in recent years, 
consumers awareness towards the relationship between food and health 
has led to an explosion of interest in “healthy foods,” this phenomenon 
could be partly attributed to the increasing cost of healthcare, the steady 
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increase in life expectancy, and the desire of older people for an improved 
quality of their later years [4].

Nowadays, healthy foods mean “functional food,” and we generally 
label a food as functional if it exerts beneficial effects or more specific 
body functions, in addition to the traditional nutritional effects [4].

Functional food is a part of the human diet and is demonstrated to 
provide health benefits and decrease the risk of chronic diseases beyond 
those provided by adequate nutrition [4].

Recent knowledge, however, supports the hypothesis that, beyond 
meeting nutrition needs, diet may modulate various physiological func-
tions and may play detrimental or beneficial roles in some diseases [3].

There is a threshold between of a food technologies and nutrition 
sciences indeed, at least in the Western world, concepts are expanding 
on the survival, hunger satisfaction, and preventing adverse effects to 
an emphasis on the use of foods how tool to promote a well-being state, 
improving health, and reducing the risk of diseases [3].

A functional food must meet the following characteristics: (i) usual 
foods with naturally occurring bioactive substances (e.g., dietary fiber), 
(ii) foods supplemented with bioactive substances (e.g., probiotics, anti-
oxidants), and (iii) derived food ingredients introduced to conventional 
foods (e.g., prebiotics) [5].

Nowadays established that the colonic microflora has a profound influ-
ence on health. Consequently, there is currently a great deal of interest 
in the use of prebiotic oligosaccharides as functional food ingredients to 
manipulate the composition and metabolism of colonic microflora in order 
to improve health [6].

2.2  PROBIOTIC

There are many proposed definitions for probiotics depending on their 
mechanisms of action and their effects on human health [7]. The concept 
of probiotic has been introduced maybe by the Russian Nobel laureate 
Elie Metchnikoff in 1907 (“The Prolongation of Life: Optimistic Studies”) 
where he proposed the idea that ingesting microbes could have beneficial 
effects for human beings, especially to treat digestive diseases [8]. Nowa-
days, probiotic is defined as a live microbial food ingredient that when 
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administered in adequate amounts confer a health benefit on the host 
[8–10].

Bacteria the genera Bifidobacterium and Lactobacillus are most used 
as probiotic supplements in processed food. These microorganisms exert 
only beneficial properties in the human and the animal health, such as 
inhibition of growth of exogenous and/or harmful bacteria, stimulation of 
immune system, anti-tumor properties, cholesterol reduction, and aid in 
digestion and/or absorption of food ingredients/minerals and synthesis of 
vitamins [11, 12]. The microorganisms currently used for their probiotic 
effect are shown in Table 2.1 and are mostly in the genera Lactobacillus 
and Bifidobacterium. However, other bacteria and some yeasts may have 
probiotic properties as well [13].

Immunological stimulation and resistance to pathogenic micro-
organisms can be achieved through probiotic therapy. However, it is 
important that probiotics reach the large intestine intact and still viable. 
Upon ingestion, these probiotics are confronted by several physical and 
chemical barriers such as gastric and bile acids. At the end of the gastric 
route, only a small portion of probiotics are able to reach and settle in 
the colon [14].

Recent research focuses on the use of prebiotics as a vehicle because 
they are not viable in the first parts of the gastric system, but rather their 
function is to be a substrate for growth of the beneficial intestinal flora 
[15].

2.3  PREBIOTIC

Prebiotics differ from probiotics in that they do not contain live microbes, 
but stimulate their growth in the intestine [16]. The term prebiotic was 
first introduced by Gibson & Roberfroid in 1995 and is defined as a non-
digestible, but fermentable, food ingredient that beneficially affects the 
host by selectively stimulating the growth and/or activity of one species or 
a limited number of species bacteria in the colon and thus improves host 
health [8, 9, 17, 18].

Prebiotics are more recent discovery, utilized to promote the survival 
of probiotics. Prebiotics are non-digestible carbohydrates that are not 
absorbed in the intestine. Prebiotics are generally oligosaccharides, whose 
degree of polymerization ranges between 2 and 20 monomers, they travel 
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TABLE 2.1  Microorganisms Used as Probiotics

Genus Microorganisms
Lactobacillia L. acidophilus-group

L. acidophilus (LA–5)
L. crispatus (L. acidophilus “Gilliland”)
L. johnsonii (LA1)
L .gasseri (PA 16/8)
L. casei-group
L(para)casei (L.casei) “shirota”
L. casei “defensis”
L. rhamnosus (LGG)
L. reuteri
L. plantarum (299 and 299v)

Bifidobacteria B. longum (BB536)
B. longum (SP 07/3)
B. bifidum (MF 20/5)
B. infantis
B. animalis (ssp. lactis BB–12)
B. adolescentis
B. breve

Yeast and molds Saccharomyces cerevisiae
S. fragilis
S. boulardii
Torulopsis spp.c

Aspergillus oryzaec

Bacillus Bacillus cereus c

B. toyoi c

B. licheniformis c

B. subtilis c

Others Enterococcus faecalisb

Enterococcus faeciumc

Streptococcus thermophilus
a Commercial names of specific strains are given in brackets.
b Mainly used in pharmaceutical preparations.
c Mainly used in animal husbandry.

Source: Ref. [13].
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to the colon where they are metabolized and they promote the growth of 
specific advantageous microbiota (probiotics) by supplying food/energy, 
while simultaneously influencing the microbiota gene expression and 
enhance immunity [19, 20].

Additionally, fermentation of the prebiotics by the probiotics results in 
the production of beneficial byproducts, pathogen inhibitory substances 
(lactic acid, bacteriocin, etc.) restricting the growth of pathogens and stim-
ulating of Immunoglobulin A (IgA) [21].

Prebiotics can be found in natural sources such as whole grains, 
asparagus, chicory, oats, soybeans, onions, bananas, garlic, honey, leeks, 
and artichokes and wheat. The raw vegetable material is also a key 
component of a high percentage of commercial prebiotics. Production 
is achieved via an enzymatic method, through the transglycosylation of 
monosaccharides or disaccharides, or the hydrolysis of complex poly-
saccharides [22, 23]. Several types of prebiotics and their sources are 
summarized in Table 2.2.

The only prebiotics for which sufficient data have been generated 
to allow an evaluation of their possible classification as functional food 
ingredients are the inulin-type fructans, which are linked by β (2–1) bonds 
that limit their digestion by upper intestinal enzymes, and fructooligosac-
charides [18].

The utilization of prebiotics as food components has multiple advan-
tages, since they improve sensory features and provide a more well-
balanced nutritional composition [24]. Prebiotics are also often utilized as 
dietary fiber in tablets and in functional foods, particularly in entire ranges 
of dairy products and breads, as prebiotic ingredients enhance the viability 
of healthy intestinal bacteria [24].

The combination of a probiotic with a prebiotic to support its viability 
and activity has been termed a symbiotic [17, 25].

2.4  SYNBIOTIC

The term synbiotic refers indirectly to a synergy, and are defined as a 
combination of a probiotic and a prebiotic that beneficially affects the host 
by improving the survival, activity, and implantation of live microbiota 
and dietary supplements in the gastrointestinal tract, as well as selectively 
stimulating the growth and/or by activating the metabolism of indigenous 
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TABLE 2.2  Types and Sources of Prebiotics

Type of prebiotic Chemical 
structure

Chemical composition Natural source

Fructooligosaccharides 
(FOS)

(Fr)n-Gu Β-(2→1) linked fruc-
tosyl unit with terminal 
glucose. Chain length of 
2–10 with average DP 
of 4

Asparagus, sugar 
beet, garlic, chicory, 
onion, Jerusalem 
artichoke, wheat, 
honey, banana, barley, 
tomato, and rye

Isomaltulose (IMO) (Gu)n 4–7 units of α-(1–6) 
linked (6-O-α-D-
glucopyranosyl-D-
glucose)

Honey, sugarcane 
juice

Xylooligosaccharides 
(XOS)

Xyn α-(1,6) linked galactose 
bonded via α-(1,3) to 
terminal sucrose β-(1–4) 
linked xylopyranose, 
with arabinofuranosyl, 
4-Omethylglucuronic 
acid, acetyl, phenolics 
subsitutent at C2 or C3.

Bamboo shoots, 
fruits, vegetables, 
milk, honey, and 
wheat bran

Galactooligosaccharides 
(GOS)

(Ga)n-Gu 2–8 galactose units with 
terminal glucose having 
1→4, 1→6 linkages

Human milk and 
cow’s milk

Lactulose Ga–Fr 4-O-β-D-
galactopyranosyl- 
D-fructose

Lactose (milk)

Soybean oligosaccharide Raffinose, 
stachyose

α-(1,6) linked galactose 
bonded via α-(1,3) to 
terminal sucrose

Soybean

Inulin GuFrn FOS having DP from 
3–60. Fructosyl-glucose 
and fructosyl-fructose 
linked by β-(2–1) & 
β-(1–2) respectively

Chicory roots, onion, 
asparagus, antichoke

Gu: Glucose, Fr: fructose, Ga: Galactose, Xy: xylose, n: number of residues. DP: Degree 
of polymerization, RT: Room temperature.

Source: Ref. [24].



Synergism in Food Trends: The Key to a Healthy Life � 39

bifidobacteria and lactobacilli [9, 17, 18, 26]. Figure 2.1 purported the 
mechanism of action of probiotics, prebiotics, and their synergism.

Recent in vitro studies have demonstrated that synbiotic were more 
effective than prebiotics or probiotics in modulating the gut microflora 
[25]. Several authors have recommended that the ingestion of 10 g/day of 
galactooligosaccharides is adequate to cause a bifidogenic effect. Daily 
ingestion of 2.5 g prebiotics/day is sufficient to increase fecal bifidobacteria 
levels [27], however for xylooligosaccharides, 2 g/day is considered 
enough to incur bifidogenic effect [28], the fructooligosaccharides (FOS) 
intake necessary to perform as a bifidogenic stimulus is between 2 and 
10 g/day in adults. Nevertheless, at least 4 g FOS/day would be required 
to raise the bifidobacteria levels in the human gut [29]. The daily amount 
needed for isomaltooligosaccharides is in the range of 8–10 g [30].

Fermented milk (yogurt and kefir) are true synbiotic products, that 
is, functional foods, since they contribute to restore the normal bacte-
rial microflora also supplying the food it needs to survive. However not 
all these products promote symbiosis, the best synbiotic combinations 

FIGURE 2.1  Purported mechanism of action of probiotics, prebiotics, and their 
synergism.
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currently available include bifidobacteria and FOS, Lactobacillus GG and 
inulins, and bifidobactera and lactobacilli with FOS or inulins [8].

One of the principal benefits of synbiotic is believed to be increased 
persistence of the probiotic in the gastrointestinal tract. A synbiotic 

TABLE 2.3  Some Nondairy Probiotic Products Recently Developed

Category Substrates Probiotic microorganism Products

Fruit and 
vegetable 
based

Cassava Lactobacillus plantarum, L. brevis, L. 
fermentum, Leucostoc mesenteroides

Agbelima

Cabbage L. mesenteroides, Lactococcus lactis, LAB Sauerkraut
Ginger juice Lactobacillus, Leuconostoc, Bacillus, 

Staphylococcus, Candida, and Saccharomyces
Ginger 
beer

Vegetables L. plantarum, L. curvatus, L. brevis, L. sake,  
L. mesenteroides

Kimchi

Legumes LAB Adai

Cereal 
based

Cereals L. plantarum, L. brevis, L. rhamnosus, 
L. fermentum, L. mesenteroides subsp. 
dextranium

Boza

Maize LAB Pozol
Sorghum Lactobacillus sp., L. brevis Kisra
Maize LAB Ilambazi 

lokubilisa
Pearl millet LAB Bensaalga
Maize L. casei, L. lactis, L. plantarum, L. brevis,  

L. acidophilus, L. fermentum, L. casei, yeast
Kenkey

Rice and 
Bengal gram

L. mesenteroides, L. fermentum, S. cerevisiae Dosa

Millet L. fermentum, L. Salivarius Koko
Cereals L. casei, S. cerevisiae, L. mesenteroides Beet kvass
Maize and 
finger millet

L. plantarum, L. brevis, L. fermentum, L. cello-
biosus, Pediococcus pentosaceus, Weissella 
confusa, Issatchenkia orientalis, S. cerevisiae, 
Candida pelliculosa and Candida tropicalis

Togwa

Sorghum or 
millet

Lactobacillus, Lactococcus, Leuconostoc, 
Enterococcus, and Streptococcus, L. brevis

Bushera

Soy based Soybean LAB, L. plantarum Tempeh
Soybean, 
wheat

LAB Kecap

Source: Ref. [3]. 
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preparation of Lactobacillus acidophilus (probiotic strain 74–2) and FOS 
has been studied in an in vitro model of the human gut [31].

The consumption of beverages and foods that contain probiotic micro-
organisms is a growing worldwide trend [32]. Even though fermented 
dairy products are generally good matrices for delivery of probiotic to 
humans, other foods have been examined for their potential as probiotic 
carriers. Mayonnaise, soymilk, meats, baby foods, ice cream, fruit drinks, 
vegetable drinks, and many others have already been proposed, as shown 
in Table 2.3 [3].

This demonstrates how scientists are overcoming some of the obstacles 
associated with probiotic survival. Currently, the most successful synbi-
otic products have been dairy foods such as yogurts. Fruit/vegetable juices 
and cheese are future synbiotic candidates [19].

2.5  EXPECTED THERAPEUTIC USES

Most health effects attributed to synbiotic are related, directly or indirectly, 
i.e., mediated by the immune system, to the gastrointestinal tract. This is 
not only due to the fact that probiotics and prebiotics in food or therapeu-
tically used synbiotics are applied normally via the oral route [31]. The 
mechanisms and the efficacy of a synbiotic effect often depend on interac-
tions with the specific microflora of the host or immunocompetent cells 
of the intestinal mucosa. The gut (or the gut-associated lymphoid system 
(GALT), respectively), is the largest immunologically competent organ in 
the body, and maturation and optimal development of the immune system 
since birth depends on the development and composition of the indigenous 
microflora [13].

The commercial interest in functional foods that contain probiotics, is 
paralleled by increasing study of their role in the digestive tract. To date, 
interest in probiotic containing foods has centered around three health 
propositions: (i) improving general gut health, (ii) improving body natural 
defenses, and (iii) lowering blood cholesterol [33]. Table 2.4 shows the 
probiotic, prebiotic, and synbiotics products currently on the market.
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2.6  CONCLUSION

Probiotics are live nonpathogenic microorganisms which have a benefi-
cial effect on the health of the host. They are present in the gastrointes-
tinal tract without causing any adverse effects. Probiotics can be used 
for several clinical applications, e.g., antibiotic-induced diarrhea, irri-
table bowel syndrome and inflammatory bowel disease. Prebiotics are 
known to be a non-digestible food ingredient, and they have a significant 
effect on human health its action is based by the fermentation of carbo-
hydrates, which stimulate, preferentially, the growth of probiotic bacteria 
(bifidobacteria and lactic acid bacteria), thus enhancing the gastrointes-
tinal and immune systems. It has also been demonstrated, the prebiotics 
increases the absorption of calcium and magnesium, influence blood 
glucose levels and improves plasma lipids. The properties of prebiotics 
have greater possibilities for incorporation into a wide range of common 
foodstuffs. There is sufficient scientific evidence to suggest the beneficial 
role of the synbiotics in the maintenance of good health and the preven-
tion of infectious and metabolic diseases. However, there are significant 
gaps between what research has shown to be effective for some products, 
and what is claimed in the marketplace. The health professional is in an 
ideal position to guide the consumer towards appropriate prophylactic and 
therapeutic uses of synbiotics that deliver the desired beneficial health 
effects. Once it is achieved, it should be possible to develop specific 
dietary recommendations for diseases prevention.
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CHAPTER 3

ABSTRACT

Bioactive peptides are protein fragments with a positive impact on the 
human health. Peptides have shown several biological properties such as 
antimicrobial, antiviral, antitumor, among other activities and they are 
produced by almost all species. These peptides have attracted the interest 
of researchers and consumers due to the high potential use in functional 
foods, cosmetic and pharmaceutical industries, and other dietary interven-
tions for disease control and health promotion. However, there are impor-
tant topics of concern prior to the application of bioactive peptides. For 
that reason, this chapter reviews the recent trends in extraction, purifi-
cation, and characterization of bioactive peptides. It includes the strate-
gies and advances in extraction technologies of bioactive peptides from 
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different sources. Also, the purification methodologies employed in the 
last five years are discussed. Even more, it is presented the recent trends 
in the characterization of bioactive peptides, including bioactivities, toxi-
cology, and the aminoacidic sequencing.

3.1  INTRODUCTION

Bioactive peptides are short sequences of amino acids with a low molecular 
weight that may be generated from sources such as milk, egg, fish, plants, 
etc. Generally, the peptides are inactive within the original sequence of 
the protein [1]. Bioactive peptides have demonstrated to possess activities 
such as antimicrobial, antioxidant, anticancer, immunomodulatory, among 
others. Also, are effective in the treatment of diseases as cancer, diabetes, 
and obesity [2–5]. On the human body, liberated bioactive peptides act as 
regulatory compounds similar to hormones.

The bioactivities of peptides depend on their amino acid composition 
and sequence. Notwithstanding, it is known some peptides are multi-
functional and can present multiple activities [6] depending on multiple 
factors, for example, the source and the extraction method. In recent years, 
the scientific research on the production, purification, and characterization 
of bioactive peptides from different sources have increased.

Research works report methods for the extraction of bioactive peptides 
that includes the use of typical methods such as maceration or Soxhlet, 
alternative technologies as microwave and ultrasound assisted extraction, 
and the enzymatic extraction [7, 8]. The relatively low cost of used raw 
material, the environmentally safe and economic process make the genera-
tion of bioactive peptides an attractive option.

The downstream process in the production of bioactive peptides 
involves the concentration and purification for further application. Meth-
odologies such as precipitation and ultrafiltration (UF) have been used for 
the concentration of bioactive peptides as an initial step in the purifica-
tion [9–11]. Chromatography has been used for the concentration (frac-
tionation), purification, and characterization of peptides by obtaining the 
aminoacidic sequences (coupled with mass spectrometry) [12–15].

The application of bioactive peptides in different industries and overall, 
because of their potential benefits on human health are the main causes 
for the development of research works [16]. Depending on the source of 
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bioactive peptides, the nature of protein and the equipment available on 
laboratory, researchers have carried out many strategies for the extraction, 
purification, and characterization of bioactive peptides. For that reason, 
the present document reviews the recent trends in the extraction methods 
of bioactive peptides from different sources. Also, presents some of the 
most used methods for the purification of bioactive peptides reported in 
the last five years. Besides, discusses the characterization of bioactive 
peptides by their biological activities and presents information related to 
the tools recently used for the mapping and in silico analysis of peptides.

3.2  SOURCES OF BIOACTIVE PEPTIDES

Bioactive peptides have been isolated from different sources, both animal 
and plant; among them can be mentioned: casein, muscle of chicken and 
fish among others and vegetable origin have been isolated from wheat 
gluten, soybean [17], sunflower, spinach, mung beans [18], dairy products 
[19], egg, meat [20, 21], and marine products [22].

Although a peptide can be easily synthesized by a chemical method, it 
is almost impossible to resynthesize a glycopeptide by a chemical method 
not only because the chemical synthesis of oligosaccharides involves 
complicated steps, but also because of the difficulty in binding it with the 
peptide [23]. Among the strategies for glycopeptide synthesis include the 
chemical addition of oligosaccharides to peptides by reductive amination, 
solid-phase synthesis using glycol-aminoacids as building blocks, and 
enzymatic synthesis using peptidases and glycosyltransferases.

The bioactive peptides have been found hidden in salivary parent 
proteins such as statherin, histatin 3, histatin 1, three proline-rich proteins 
(PRPs) [P-B1 (alias SMR3A), P-B (SMR3B), and BPLP (basic proline-
rich lacrimal protein)], and mucin 7 (MG2), all of which are encoded by a 
gene cluster on chromosome 4q13.3 [24].

3.2.1  PLANTS

Salas [25] reviewed the biological and antimicrobial activity of epitopes 
obtained from plants. Full isolation of plant AMP has been attained in some 
cases. It is the case of lunatusin a peptide with a molecular mass of 7 kDa 
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purified from Chinese lima bean (Phaseolus lunatus L.). Lunatusin exerted 
antibacterial action on Bacillus megaterium, Bacillus subtilis, Proteus 
vulgaris, and Mycobacterium phlei. The peptide also displays antifungal 
activity towards Fusarium oxysporum, Mycosphaerella arachidicola, and 
Botrytis cinerea. Interestingly, the antifungal activity was retained after 
incubation with trypsin [26].

3.2.2  ANIMALS

Ambigaipalan and Shahidi [27] identified three potential bioactive 
peptides from shrimp shell discard protein hydrolysate fractions with the 
highest inhibition to Angiotensin Converting Enzyme (ACE). The proteins 
were further subjected to gel filtration, mass spectrometry, and peptide 
sequencing. Three potential ACE inhibitory bioactive peptides were iden-
tified form shrimp shell discard for the first time. Identification of bioac-
tive peptide from shrimp shell discard protein hydrolysates was subjected 
to gel filtration chromatography. An electrophoresis was conducted to 
confirm the protein in the fractions. The fractions were further subjected 
to analysis of ACE inhibitory activity and the fractions exhibiting highest 
ACE inhibition were further purified with C18 Zip tips. The amino acid 
composition of raw shrimp shell was calculated with respect to the area of 
internal standard (norleucine).

Abd El-Fattah [28] obtained bioactive peptides from milk. In this study, 
milk was hydrolyzed using protease (Asperigillus oryzae), trypsin, pepsin, 
or papain at concentrations of 0.001, 0.005, or 0.01g/100 g milk for 30 or 
60 min to produce angiotensin-converting enzyme inhibitory and antioxi-
dant peptides. Results showed that the proteolysis, antioxidant, and ACE-I 
activity gradually increased with the increase in the enzyme concentration 
and hydrolysis time. The protease-treated milk had the highest proteolytic 
and ACE-I activity, while the papain-treated milk had the lowest. The 
papain-treated milk exhibited the greatest Fe2+ chelating activity. The use 
of trypsin at a concentration of 0.001g/100 g milk for 60 min produced 
ACE-I and antioxidant activity without changes in the technological prop-
erties of milk. Also, from breast milk has been derived bioactive peptides 
proteins, such as caseins, α-lactalbumin, and lactoferrin, during gastroin-
testinal digestion.
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On the other hand, Nimalaratne [29] examined the ability of several 
proteases for their ability to release antioxidant peptides from hen egg 
white, and protease P was selected based on the antioxidant activity and the 
digestion yield of the crude protein hydrolysate. A combination of several 
purification steps including ultrafiltration with low molecular weight 
cut-off membranes, cation exchange chromatography and reversed phase 
high-performance liquid chromatography was used to purify ‘protease P 
egg white hydrolysate.’ Sixteen antioxidant peptides, which were derived 
from ovalbumin, ovotransferrin, and cystatin, were isolated from the most 
active fractions.

Mohanty [30] reported that peptides derived of the milk exert a number 
of health beneficial activities, even upon oral administration, and are 
considered as potent drugs with well-defined pharmacological residues 
and also used to formulate health-enhancing nutraceuticals for its impact 
on major body systems including the digestive, nervous, endocrine, cardio-
vascular, diabetes type II, obesity, and immune systems.

3.2.3  MICROBIAL

Yamamoto [23] described that the chemo-enzymatic synthesis of a glyco-
peptide, which involves the chemical synthesis of Nacetylglucosaminyl 
peptide and the enzymatic transfer of oligosaccharide. Endo-P-N-acetyl-
glucosaminidase (endo+GlcNAc-ase, EC 3.2.1.96) is a unique endoglyco-
sidase that hydrolyses NJ’-diacetylchitobiosyl linkages in oligosaccharides 
bound to asparaginyl residues of various glycoproteins and glycopeptides, 
and leaves one N-acetylglucosamine (GlcNAc) residue on the protein 
and peptide moieties. He found a novel endo+-GlcNAc-ase in the culture 
medium of Mucor hiemalis isolated from soil, which could cleave not 
only the high mannose and hybrid-type asparagine-linked oligosaccha-
rides but also the complex-type oligosaccharide (7, S), unlike other endo-
P-GlcNAc-ases that can act on only the high mannose and hybrid-type 
oligosaccharides. We named this novel enzyme Endo-M after its source. 
This enzyme showed transglycosylation activity and could transfer the 
oligosaccharides from glycopeptides to suitable acceptors with a GlcNAc 
residue during hydrolysis of the glycopeptide.

Bioactive peptides can be produced by enzymatic hydrolysis using 
proteolytic enzymes of the digestive system or microbial origin, microbial 
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fermentation and food processing. Using single or multiple specific or 
nonspecific proteases, is the most common way for bioactive peptide 
production because it requires a shorter time to obtain a similar degree 
of hydrolysis as well as better control of the hydrolysis to obtain more 
consistent molecular weight profiles and peptide composition. These 
processes are especially used in food and pharmaceutical industries by 
several enzymes such as Pepsin, Bromelain, Trypsin, Chymotrypsin, and 
Papain under their respective optimal pH and temperature [31].

3.3  TECHNOLOGIES FOR THE EXTRACTION OF PEPTIDES

In recent years the use of bioactive peptides of various plant materials 
for commercial sectors has been increasing, becoming more and more 
required, beginning with health studies, and ending with industrialization, 
with that began to develop different extraction techniques to acquire bioac-
tive compounds [32]. Each technique having different objectives, either 
to extract specific compounds from the plant sample, increase the selec-
tivity of methods during extraction, increase the sensitivity and concentra-
tion of a certain compound. Most extraction techniques use heat, solvent, 
or mixture. Thus, we have a classification in which the types of peptide 
extractions are included – conventional technologies, alternative technolo-
gies and green technologies (enzyme-assisted extraction) [33].

3.3.1  CONVENTIONAL TECHNOLOGIES

Conventional extraction technologies are particularly constituted by 
methods of aqueous extraction, Soxhlet extraction, solid-liquid extraction 
that is also referred to as maceration. Liquid extraction is a high-perfor-
mance technique, the technique being mostly used for the identification 
and purification of peptides having as characteristic during the extraction 
of a high yield and a recovery of material are obtained. This technique 
has a very effective approach used for the extraction of coconut, soybean, 
and maize germ, obtaining quality proteins. The different factors influ-
encing the efficiency of aqueous extraction is the solid-water interface, 
types of salts and their concentrations pH, temperature, as well as the time 
the entire process lasted together [32].
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Solid-liquid maceration or extraction techniques have been used for 
the home preparation of a long-term tonic, being a widely used and low-
cost way to obtain bioactive oils and compounds, crush the leaves of plant 
materials, mix, and aggregate Solvents suitable for each type of extrac-
tion. Achievement of the essential part of the sample that was treated [33]. 
The extraction technique is widely used in the area of industrial pharmacy 
particularly in the perfume and plaguicide industries, to have a recovery 
of active plant products. The disadvantages of using this technique is the 
use of heat, since solvents are used during extraction, as the heating act 
as steam to release bioactive compounds from plant tissues. Molecular 
affinity is very important because of the solvent-solute relationship, since 
at high temperature some volatile compounds are lost. This extraction 
technique is often useful when putting together a first fraction strategy to 
remove residues and thus obtain an abundant peptide concentration [34].

For decades, conventional methods, such as the Soxhlet extraction tech-
nique, have been used in the environmental area, as well as for different 
purposes, characterized by exceeding extraction efficiency. Characterized 
as the universal extraction, by the time in which it has been used [35]. 
The disadvantages of this method of extraction are time, despite being 
a standard technique for obtaining active samples, has been replaced by 
alternative techniques, which guarantee the same performance in a shorter 
time [36]. The technique has been compared with alternative extraction 
methods, mainly with ultrasonic assisted extraction, since they achieve 
similar behaviors during their extraction, being used to extract oils. The 
pressure, and temperature can significantly influence the extraction [37].

Another extraction technique is the ultrafiltration membrane system, 
which separates the proteins and the macromolecule having bioactivities 
and specific functional properties of the extract sample material. These 
membranes are used mainly in vegetable material such as rapeseed, 
soybean, oats, canola, as well as fruit juices, wines, and beers, being of 
great interest in recent years in commercial industries, for demonstrating 
that recovering at the time extraction of high concentrations of proteins 
and peptides [32].

Several authors point out that membrane filtration may have an incom-
plete removal of proteins, being a modern extraction technique. It has the 
advantage of high heat output, a selective separation during the filtration does 
not require the application of heat or high temperatures for the extraction, nor 



56� Handbook of Research on Food Science and Technology, Volume 3

does it occupy external additives or substances. The drawbacks of modern 
extraction technologies are the high cost of membranes, and runs have a very 
short shelf life due to membrane saturation and fouling [34].

3.3.2  ALTERNATIVE TECHNOLOGIES

Alternative technologies are used for the extraction of active compounds 
from plant materials. The plant materials have the characteristic of being 
sensitive to light, at elevated temperatures, and to large amounts of 
solvents. These extraction methods vary somewhat with the performance 
they can provide compared to conventional technologies [8]. The tech-
niques of extraction into this classification of technologies, are ultrasound-
assisted extraction and microwave-assisted extraction [38].

The ultrasound-assisted is a novel technology extensively reported for 
the extraction of bioactive compounds from natural products [8] used to 
extract proteins from diverse sources, on the effect of ultrasound and the 
enzymatic treatment on soluble proteins and allergenic proteins [13, 39].

Compared to conventional extraction methods, it requires less time and 
less solvent, which can damage and pollute the environment. Variables in 
terms of time, type of solvent, liquid-solid ratio, and ultrasound power 
have much to do with improving extraction efficiency, since it is very 
different from extracting active compounds than oils from various plant 
materials [35].

Different authors affirm that the extraction by ultrasound increases 
the solubility of the protein and improves the cleavage of the peptide 
bonds, thus loosening the structure of the nucleus. The rate of extrac-
tion of peptides depends on the method of extraction, when things do not 
fully develop they retain stable and compact structures and are difficult to 
extract [39].

It has been mentioned previously that ultrasound which is a robust, 
green, and rapid technology suitable for scale-up, which can enhance 
the effectiveness of protein digestion, extraction, production, and drug 
delivery of bioactive peptides principally acts for by generating bubble 
cavitation in the biological matrix [8].

Compared with conventional procedures, alternative methods 
ending up as interesting techniques, used for extraction as novel and 
optimal methods for their use [37]. Another alternative technology is the 
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microwave energy for extraction. It has been cataloged as a green method 
for the extraction of bioactive compounds and oils, widely used in the food 
industry, surpassing the performance of conventional techniques [40]. The 
most common drawbacks in this technique could be to damage the sample, 
since if there is no management in time, and intensity, it may not obtain 
extract or even worse leave the sample unusable vegetable [8]. A more 
modern use of the microwave extraction are the processes where they are 
using solvents, in which it shows a greater amount of extraction of matter 
to be extracted, having a 30% more yield in less time [7].

3.3.3  GREEN TECHNOLOGIES (ENZYME-ASSISTED 
EXTRACTION)

The demand in the last years for exploiting our natural resources has 
been intensified, thus having the need to occupy the active compounds 
derived from plants. To do this, it is necessary to improve the processes 
of releasing the bioactive from plant cells by either altering and extracting 
using specific enzymes. Green technologies supported by the biotech-
nology have not been fully exploited by industries. Enzyme-assisted 
extraction methods have been used because of the need for extraction 
of ecological means involving the known and established technologies, 
having relatively a favorable amount in the yield and extraction of extrac-
tive competences of said means [41].

The enzyme-assisted extraction process is a feasible alternative to 
conventional extraction technologies. It is a promising method for the 
simultaneous extraction of oil and proteins from plant materials, foods, 
and animal sources [42]. In investigations for the extraction of free amino 
acids and peptides, it was found to be of great yield in fungi and the most 
common are shiitake (Lentinus edodes), oyster (Pleurotus ostreatus), tea 
tree (Agrocybe aegerita) Brown and portobello champignons (Agaricus 
bisporus) [43].

The study of the application of enzymes for the methods of extraction 
of bioactive compounds has an enormous incidence in diverse industries. 
The yields on the basis of the obtaining are influenced by diverse factors 
such as the extraction temperature, which is handled at 55°C, the manage-
ment of pH, the enzyme concentration or exposed amount, the extraction 
time, etcetera [41, 43, 44].
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Some the enzymes most used for enzyme-assisted extraction are 
β-glucanase, flavorzyme, α-amylase, viscozyme, cellulase, protease, and 
pectin because they have a high efficiency of both at the time of extrac-
tion, up to 20-fold time than conventional extraction [45]. The enzymes 
that are used in this technique have the following optimal conditions for 
the extraction, water as an extraction solvent, initial pH = 7, the enzyme 
concentration of 5% v/w and maintain a temperature of 50°C and incuba-
tion time of 1 h [43].

The use of cellulase and protease makes a substantial difference in 
the performance of green extraction processes. Carrying out with a suit-
able mixture of solvents, and material, the process reaches 39% to 90% 
extraction yield compared to other extraction methods. The benefit is 
high when using these techniques for the extraction of bioactive extract-
able matter [46]. The application and effects of the enzymes α-amylase, 
viscozyme, cellulase, protease, and pectinase are very noticeable in foods 
such as ginger. Since similar foods have a yield difference of 13% to 30% 
for properties, and pre-treatment made with the solvents involved in the 
extraction. Significant amounts of proteins obtained by this extraction 
process are used in the food industries, in the manufacture of soft drinks 
and up to a certain percentage in perfumery. The green extraction tech-
nique with its enzymatic pre-treatment is considered an efficient, safe way 
of releasing the limited compounds and increasing the yield with their 
respective specific enzymes [33].

3.4  RECOVERY AND PURIFICATION STRATEGIES

Due to the potential application and role in human nutrition and health, 
it is important that the recovery strategies for bioactive peptides do not 
compromise the biological activities. The research has shown that certain 
processing methods pursued on proteins affect the potency of bioactive 
peptides [12].

The biological materials are complex and there are differences in their 
properties that challenge the downstream bioprocess in the laboratory and 
the industry. This is due to the downstream purification and fractionation 
steps impact directly on the biological activities and therefore, on the 
economics of production [47]. The methodologies applied for the purifica-
tion of proteins are generally applicable for peptide purification. However, 
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it is important to consider that bonds breakage is specific depending on 
the source and method of extraction; hence, the obtained peptide frac-
tions have their own peculiar properties. Also, is important to consider the 
application of the peptides, for example, Perez-Espitia [48] mentioned that 
some applications of peptides require low values of purity, between 70% 
and 95%. They also cited Ridge and Hettiarachchi [49] mentioning that 
for biological and structural studies as well as for therapeutic and clinical 
research, peptides must have 95% purity or greater.

In order to develop an efficient purification process, it is necessary to 
explore the effect of the isolation or purification method on the physical, 
chemical, and biological properties of bioactive peptides [12]. The peptide 
purification generally is carried out by a series of separation techniques. 
The separation processes are designed to isolate one or more individual 
components from a peptide mixture for further analytical identification, 
quantification, and application. Below are discussed some of the most 
used methods for the recovery and purification of peptides.

3.4.1  PROTEIN PRECIPITATION

The proteins obtained from the extraction process can be constituted by 
proteinaceous that range from high-molecular-weight proteins and also by 
peptide aggregates in the range of low-molecular-weight peptides [50]. 
The low-molecular-weight fraction represents a continuous size ranging 
from 1–10 kDa [51] to only a few amino acids [52].

The use of simple and rapid methodologies for the separation of 
proteins and peptides (high- and low-molecular-weight fractions) are 
needed. Selective precipitation is one of the most used techniques. The 
addition of acids such as trichloroacetic acid (TCA) [53], organic solvents 
[54], or the combination of precipitation agents [55], are often used for this 
purpose (Figure 3.1).

Ammonium sulfate, (NH4)2SO4, is one of the most used precipitation 
agents due to its high solubility, which allows high ionic strength, low 
price, and availability in high purity [10]. The method consists of the 
removing of proteinaceous that easily aggregates from those that are very 
soluble making it a good initial purification step for small proteins and 
peptides. For example, the method has been used as a purification step for 
the characterization of antimicrobial peptides derived from the Japanese 
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soybean fermented food (Natto) [56] and for the precipitation of the anti-
microbial peptide cathelicidin-BF obtained from Bacillus subtilis [57].

The use of acetone is a common method for the precipitation and 
concentration of proteins. Simpson and Beynon [58] applied the precipi-
tation of peptides by acetone and found that acetone, besides precipita-
tion, modified peptides. The modification was selective predominantly 
on peptides which glycine residue was the second amino acid. Despite 
the protein loss is believed to be an inevitable consequence of acetone 
precipitation, some authors still using the method with modifications. 
For example, the use of ionic strength (1 to 100 mM NaCl) together with 
acetone (50 to 80%) maximizes the precipitation of proteins correlating 
the amount of salt with the amount of proteins in the sample [59].

The combination of techniques, such as acetone/TCA, are often 
used for the enhancing of peptides precipitation. Wu [60] developed a 
protocol for the precipitation of proteins from crops. They mentioned 
the main feature of the protocol was to maintain the advantages of both 
TCA/acetone precipitation, which removes non-protein compounds and 
selectively dissolves proteins, resulting in an effective protein purifica-
tion step.

FIGURE 3.1  Schematic representation of peptides’ precipitation process.
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Selective precipitation of peptides is a real challenge for researchers 
and many strategies have been employed with that purpose. Rainer and 
Bonn [61] wrote an excellent review focused on the selective precipita-
tion of phosphorylated peptides. They discussed the introduction in the 
last years of several non-chromatographic isolation technologies by using 
metal cations for the selective precipitation of phosphorylated peptides 
and proteins.

The isoelectric solubilization/precipitation technology is a useful tool 
for the obtaining of peptides and proteins from different sources. This 
technology was applied for the isolation of collagen hydrolysates from 
turkey heads and obtained by enzymatic hydrolysis. Depending on the 
used enzyme was the solubility of peptides. For example, low solubility 
was observed at pH 2 and 4 on peptides hydrolyzed with alcalase and 
trypsin, notwithstanding, was observed high solubility with low-molec-
ular-weight peptides at pH 6 and 8 [44].

Another technique based on the precipitation of proteins and peptides 
is the isoelectric focusing (IEF). It is based on the separation of peptides/
proteins solutions according to their isoelectric points (pI). The equipment 
has a focusing cell containing the mixture of peptides/proteins and a carrier 
ampholyte is submitted to an electric potential. It promotes the migra-
tion of the peptides/proteins to a position in an established pH gradient 
equivalent to their respective pI. The advantage of the method is that can 
fractionate a complex mixture of peptides according to the pI, but, has the 
disadvantage that overlapping between fractions because of their similar 
pI [62, 63].

3.4.2  ULTRAFILTRATION

As it was mentioned above, the purification of peptides generally requires 
the combination of purification techniques. The most used techniques for 
large-scale concentration and purification of peptides is the UF. This tech-
nology applies the principles of filtration, the separation of a mixture of 
components from a fluid by size differences, by using a membrane that acts 
as selective barrier controlling which component permeates and which are 
retained according to the molecular weight cut-off (Figure 3.2). The main 
characteristic of ultrafiltration is the application of hydraulic pressure to 
speed up the transport process [64].
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In the last years, the UF has been applied in the recovery of bioactive 
peptides obtained from by-products. For example, in the recovery of peptides 
from seafood by-products hydrolysates, the peptides were fractionated by 
molecular weight using UF membranes of different ranges of molecular 
weight (≥10, 5–10, 1–5 and ≤1 kDa) [65]. Besides, Abdelhedi [66] fraction-
ated peptides obtained from smooth-hound viscera. They used membranes 
in the range of 50–1 kDa and characterized the peptides isolated. In both 
works mentioned previously, the peptides obtained were characterized in 
silico for the inhibition of angiotensin I-converting enzyme (ACE).

The UF has been applied also for the recovery of peptides from crops. 
Wang [67] isolated peptides from corn gluten meal by using membranes 
with molecular weight cut-off in the range of 50–6 kDa for the separation 
of proteins and peptides. The highest antioxidant activity was found in 
the fraction with molecular weight less than 6 kDa. They suggest that the 
antioxidant activity of peptides is related to the molecular weight and its 
absorption in the living body is relatively easy.

Despite being one of the most used methods for the separation of 
peptides and proteins, UF has the disadvantage that separates all the 
molecules in the cut-off range of membranes. Roblet [68] mentioned that 
ultrafiltration and nanofiltration are not selective for the large-scale sepa-
ration of small peptides. They proposed the use of the electrodialysis with 
ultrafiltration membranes (EDUF) that allowed the separation of soybean 

FIGURE 3.2  Representation of the UF process of peptides.
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peptides by molecular weight and global charges using electric fields as 
driving forces. The method is based on the separation of charged particles 
by their molecular charge and size in an electric field without any pres-
sure. Then, peptides are selectively fractionated with no or minor collision 
of filtration membrane compared to the pressured filtration process. The 
EDUF is a trending method within the last decade and has been studied 
extensively in the separation and concentration of bioactive peptides from 
a variety of food proteins such as, β-lactoglobulin, soy, flaxseed, alfalfa 
white, and whey protein hydrolysates [9].

3.4.3  CHROMATOGRAPHY

Chromatographic methods are the most widely used for peptides purifica-
tion. The clear example is the high-performance liquid chromatography 
(HPLC) and ultra-high-pressure liquid chromatography (UHPLC) [32]. 
HPLC and UHPLC have been applied for both purify and characterize 
peptides from different sources.

The HPLC in reversed phase mode (RP-HPLC) is used to separate 
peptides by hydrophobicity. On the other hand, the hydrophilic interac-
tion is a useful method for the separation of hydrophilic substances and is 
based on the increasing of retention with increasing polarity of stationary 
phase and the decreasing of the polarity of the mobile phase is used for 
elution and is the opposite of RP-HPLC [63, 69]. This method was used 
for the separation of di-, tri-, and tetra-peptides [70].

Liu [2] developed a method for the identification of peptides derived 
from protein hydrolysates of Mactra veneriformis. The identification of 
21 peptides was carried out by using a UHPLC-Q-TOF-MS equipment. 
The advantage of using UHPLC is the high throughput, high resolution 
and sensitivity [71] and generally has been used in tandem MS/MS for the 
identification of peptides.

The mass spectrometry is a very important tool in the process of iden-
tification of peptides. Different interfaces have been developed and they 
allowed the generation of ions from molecules with sensitivity to temper-
ature. The electrospray ionization (ESI) and the matrix-assisted laser 
desorption-ionization time-of-flight (MALDI-TOF) are important ioniza-
tion methods used for the identification and characterization of bioactive 
peptides and proteins by mass spectrometry [63].
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Other wide used and efficient method for the purification of peptides is 
the size exclusion chromatography (SEC). The method is based on the frac-
tionation of bioactive peptides by the retention of molecules on stationary 
phase according to their molecular size. The disadvantage of this method 
is the requirement of long columns or multiple columns in series for the 
separation of peptides mixtures. However, the method is considered soft 
because the impact on conformational structure is minimal [72].

Affinity chromatography and ion-exchange chromatography (IEC) are 
also wide used in purification of peptides. The first is based on the affinity of 
bioactive peptides to interact with specific stationary phase or solid support 
immobilized on a column. The interaction must be reversible in order to 
elute the peptides. The IEC is based on the interaction of charged peptides 
with packed supports bearing the opposite charges. The fractionation 
is carried out eluting cationic or anionic peptides by increasing charges, 
generally with salts. Desalting step is needed in order to eliminate salts [3].

3.5  CHARACTERIZATION

3.5.1  BIOACTIVITIES

The identification of new bioactive peptides is an important step towards 
the elucidation of new systems and technologies. Bioactive peptides 
adhere from their precursor proteins through limited excision since most 
of the occasions must undergo post-translational modifications to be 
biologically active [73]. Methods for the study of bioactive peptides are 
varied, depending on their amino acid sequence, they may have roles in 
different biological processes such as the evaluation of bioactivities such 
as antioxidative, antimicrobial [74], antimutagenic, antitumorigenic, anti-
bacterial [75, 76].

3.5.1.1  ANTIOXIDATIVE ACTIVITIES

The uncontrolled production of free radicals that attack macromolecules 
such as membrane lipids, proteins, and DNA can lead to many health 
disorders [77]. Peptides with antioxidant activity can be obtained from 
the digestion of proteins of origin animal or vegetable, using endogenous 



Recent Trends in Extraction, Purification, and Characterization� 65

or exogenous enzymes, microbial fermentation, processing and during 
gastrointestinal digestion [78]. Several mechanisms have been made for 
the antioxidant treatment properties of peptides, including metal ion chela-
tion, free radical scavenging and aldehyde adduction [78, 79].

Peptides and food proteins have been found to possess free radical 
hardening properties involved in various states of oxidative insult [75]. 
Studies have reported different peptides with antioxidant activity with 
peptide sequence such as from the protein cow α s1-casein (YFYPEL), 
cow β-casein (AVPYPQR), and cow β-lactoglobulin (MHIRL) all from 
cow milk [76], also Campos-Quevedo [80] reported peptides with anti-
oxidant activity (Table 3.1). Peptides have shown efficacy against free 
radicals such as DPPH, superoxide, and hydroxyl radicals, ABTS radical 
scavenging [78, 79].

3.5.1.2  ANTIMICROBIAL PEPTIDES

The peptides with antimicrobial properties have been identified in distinct 
natural sources. Peptides with antimicrobial activity have shown inhibi-
tory effects against microorganisms caused by food damage and inva-
sion of a wide range such as bacteria, fungi, viruses, and parasites [75]. 
Bioactive peptides with antimicrobial activities in fermented foods, are 
produced by lactic acid bacteria (LAB). Peptides are good candidates as 
food additives [81].

3.5.2  TOXICOLOGY

Cell cultures assays have been performed which are useful for establishing 
dosage of peptides to exert beneficial antioxidant effects without cytotox-
icity for in vivo experiments. Fish protein hydrolysates of flounder show 
antioxidant and cytoprotective activity against 2,2-azobis-(2-amidinopro-
pane) dihydrochloride (AAPH) without cytotoxicity in a range of 12.5 
to 200 μg/mL in Vero cells, monkey kidney fibroblast line; by showing 
effects such as cytotoxic protectors, and intracellular sweeping reactive 
oxygen species (ROS) [82].

Peptides originating from lactoferrin (LF) have been found to have 
a wide range of antimicrobial and anti-inflammatory activities in vivo, 
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especially human LF f (1–11). This peptide has been studied for human 
safety and reported as safe (no adverse effects have been observed in 
markers or cytotoxicity) in healthy humans and in transplantation of hema-
topoietic stem cells in patients at doses as high as 5000 µg for a period of 
5 days; however, there are still limitations because their pharmacokinetics 
is unknown [83].

Cyclotides are a family of plant peptides that are identified by having a 
macrocyclic backbone, in a study by He [84], showed that it has cytotoxic 
activity among other bioactivities. The cyclotides were isolated from Viola 
philippica, a plant of the Violaceae family; some of the cyclotides demon-
strated cytotoxic activities against the MM96L, HeLa, and BGC–823 
cancer cell lines [84].

The cytotoxic activity of oyster hydrolyzate (Saccostrea cucullata) 
was used in the study with the colon cancer cell line (HT–29) by the MTT 
assay which is based on the detection of mitochondrial dehydrogenase 
activity in vivo, under the same conditions, the hydrolyzate was evalu-
ated in Vero (kidney epithelial cells of the African Green Monkey) with 
the aim of determining the effect on normal cells. Finding in the HT–29 
cells an increased after 48 and 72 h of incubation the hydrolyzed oyster 
showed a remarkable dose and time-dependent cytotoxic effect on cancer 
cells where the inhibition of growth achieved up to 70% under conditions 
of 70 µg/ml of the sample [85]. Toxicity and bioavailability are evaluated 
primarily by using cell cultures, invertebrates or small animals using cells 
feasibility studies and determination of lethal dose 50 (LD50). The bioac-
tive peptides derived from milk proteins are natural components that are 
normally considered safe for human consumption. Milk-specific bioactive 
peptides have been evaluated for cytotoxicity; in vitro cytotoxicity in rat, 
fibroblasts demonstrated low cytotoxicity over a period of 4–7 days of 
exposure, showing a <30% decrease in cell viability (Fibroblast L929) 
[86].

3.5.3   SEQUENCING

Bioactive peptides normally contain 3–20 amino acid residues per 
molecule [87]. For the sequencing of bioactive peptides, they have used 
equipment such as MALDI TOF and ESI (Peptide Sequencing by Mass 
Spectrometry) such as Samgina in 2009 where they studied the influence 
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of different modifications of the N-terminal amino group in Phe3LeuPro2-
NH2 natural peptide which was isolated from the skin secretion of the 
European tree frog Hyla arborea [88].

3.5.3.1  IDENTIFICATION OF PROTEINS BY PEPTIDE MAPPING

Through the strategy called mapping of peptide masses, a protein that is 
isolated is converted into peptides of size medium through the action of 
specific enzymes, mainly trypsin, but also V8, endolysin. Determination 
of the mass of the peptides of protein digestion allows comparisons to be 
made with the theoretical masses of the whole peptides expected for stored 
sequences in a database and suggest, those that fit more to the experimental 
data, Table 3.2 shows the tools for peptide mapping and sequencing [89].

TABLE 3.2  Some Tools That are Used in the Identification of Proteins by Means of 
Peptide Mapping or Sequencing of Peptides in Databases

Peptide mapping
Mascot http://www.matrixscience.com
Pepsa www.pepsea.protana.com
Peptide sequencing
InsPectT http://peptide.ucsd.edu/
Mascot http://www.matrixscience.com
ExPASy http://www.expasy.org/
X!TANDEM www.thegpm.org/TANDEM/

3.5.4  IN SILICO ANALYSIS AND MODELING

Several in silico peptide studies have been performed, Solanki [90], 
reported peptide sequences derived from the MASCOT program that 
compared to databases such as NCBI and identified it as protein (Camelus 
dromedarius), which comes from fermented camel milk, where purifica-
tion of peptides was performed by RP-HPLC and identification of peptides 
by mass spectrometry (MS).

Recently, HPLC has been combined with mass spectrometry (MS) 
equipment, and liquid chromatography followed by tandem mass spec-
trometry (LC-MS/MS) this standard method for the characterization of 

http://www.matrixscience.com
www.pepsea.protana.com
http://peptide.ucsd.edu/
http://www.matrixscience.com
http://www.expasy.org/
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the peptide sequences with which the structure of proteins and peptides is 
clarified, however, is a costly and long process method. Other important 
tools for the identification and characterization of proteins are electrospray 
ionization (ESI) and matrix-assisted laser desorption ionization (MALDI) 
[91]. Nonribosomal peptide synthesis (NRPS) has been used to produce 
peptides or other small molecules, furthermore, the mining of bacterial 
genomes through in silico analysis of NRPS genes offers an advantage 
for discovering novel ribosomal non-synthesized bioactive peptides [92].

The traditional protocol consists of performing sample purification, 
subsequently separating proteins or peptides by 2D-PAGE or RP-HPLC, 
an enzymatic digestion when proteins are intact and identifying by MS and 
MS/MS techniques, when are realized in silico it is carried out a protein 
digestion, and bioactive peptide database screening [93]. According to 
Giacometti, bioactive peptides are grouped into three large (> 25 AA), 
medium (7–25 AA), and small (<7 AA) peptides, most of which are found 
in small, most peptidic studies are performed by liquid chromatography, 
ionization-tandem mass spectrometry (LC-ESI-MS/MS) [34].

Bioinformatics is positioned to make an impact on bioactive peptide 
research, in the in silico approach the use of information deposited in 
databases, such as BIOPEP [94], PEPBANK or ERP-Moscow [95]. When 
the frequency of bioactive peptides is determined, the sequences can be 
obtained from the universal base which is (UniProtKB) [94]. Bioinfor-
matics is a tool that can be combined with the classic for an exhaustive 
search of bioactive, peptide sequences or sustainable sources of its protein 
[94].

3.6  CONCLUDING REMARKS

The search of compounds with important biological activities is becoming 
trending to bioactive peptides. The wide sources and the relatively easy 
extraction have spread their use. New technologies have been used for 
the purification of peptides and the combination of two and/or more have 
allowed obtaining single and high purity peptides. The characterization of 
bioactive peptides by obtaining the aminoacidic sequences is important 
in order to understand the biological activities. In the last years, bioinfor-
matics tools have been used for the characterization of in silico interac-
tion of bioactive peptides with enzymes or proteins involved in specific 
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diseases allowing to researchers to understand the processes and chal-
lenging to apply the knowledge to in vivo process.
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CHAPTER 4

ABSTRACT

Agaves are plants mainly distributed in America; these plants have the 
capacity for adaptation to grow at different environmental conditions. 
In Mexico, Agaves have a high economic importance because of the 
many products that can be obtained from them. Agaves contain carbo-
hydrates that have been used to obtain alcoholic beverages. Fructans are 
the principal carbohydrates found in agaves. The composition and struc-
ture of fructans from Agave species have been widely described in many 
studies. Agave fructans have demonstrated to possess a prebiotic effect. 
Several techniques have been used for fructans analysis. Chromatographic 
methods are the most commonly used for fructooligosaccharides and fruc-
tans analyses because other methods are complicated and expensive, and 
because of lack of standards. This paper describes the importance of fruc-
tans as food functional component, applications, and compares different 
chromatographic and other techniques for agave fructans analysis.
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4.1  INTRODUCTION

Mexico is considered the center of origin and diversity of the Agavaceae 
family. This family consists of eight genera and at least 295 species of 
this family have been described [1]. Since ancient times, plants of Agave 
genus have a wide variety of applications; they have been used mainly 
for the production of traditional alcoholic beverages such as tequila and 
mescal because of its high reserve carbohydrate content [2, 3]. Since the 
past century, many studies have been made to determinate fructans content 
in different plant species. The potential market for agave fructans is esti-
mated as the same as inulin from other sources as well as that of soluble 
fibers (around 100,000 tons of inulin and 200,000 tons of fructooligosac-
charides worldwide in 2009) [4]. Fructans have been found in Angio-
sperms, in several families of both monocots and dicots such as Liliaceae, 
Amaryllidaceae, Gramineae, Compositae, Nolinaceae including Agava-
ceae [5, 6]. Fructans are polymers of fructose linked by fructose-fructose 
glycosidic bonds, these are known as fructooligosaccharides (FOS) which 
are composed of 2 to 10 fructose molecules, and nonetheless an appro-
priate way to identify them is that they are polysaccharides with a degree 
of polymerization (DP) with more of 10 molecules of fructose in the chain 
[7]. These are the principal products formed during photosynthetic Crassu-
lacean acid metabolism (CAM) for CO2 fixation, which is a biochemical 
and physiological plants adaptation to survive and adapt to arid and semi-
arid regions where they grow. During photosynthesis, glucose is synthe-
sized in the plant by the action of a phosphatase on glucose–1-phosphate. 
Thereafter, glucose is transformed into glucose–6-phosphate by a hexoki-
nase; later this product is converted into fructose-6-phosphate by hexose 
phosphate isomerase. Finally, this last product loses the phosphate group 
and releases fructose. Glucose and fructose are the most important energy 
supply by plants [3, 8].

Several plants use fructans as a reserve like starch or sucrose, and store 
both fructans and starch. More than 60% of carbohydrates in dry basis 
present in those plants are fructans, which are mainly stored in leaves, 
stems, and roots. In grasses, they are principally stored in the leaf base and 
used for re-growth after defoliation, while starch is mostly stored in seeds. 
Fructans are synthesized and stored in vacuole whereas starch is stored in 
specialized organelles (plastids) of plant cells [9–11]. After starch, fruc-
tans are the most abundant nonstructural polysaccharides found in 15% 
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of higher plants as well as in a wide variety of bacteria and fungi [12] in 
plants, fructans are used as reserve carbohydrates [13]. In dicots, inulin is 
the only fructan type used to cover energy demand, and is stored in reserve 
vegetative organs, whereas in monocots, a cryoprotective role of fructans 
has been demonstrated in oat, wheat, and other cereals [14, 15]. In addition, 
fructans have been involved in plant stress tolerance such as drought and 
freezing tolerance and also they play a fundamental role in osmoregulation 
[16]. González-Cruz et al. [17] established a relationship between plant 
age and fructan synthesis in A. atrovirens Karw, they identified changes 
in fructan composition in leaves at three ages (3, 6 and 9 years) and also, 
they quantified the fructosyltransferase enzymatic complex activity, thus 
determining the growth stage with the highest fructan content. The highest 
content of non-structural carbohydrates was in the leaves of youngest 
plants and decreased by 86% in those of the oldest ones. In the youngest 
plants, the main non-structural carbohydrate was sucrose, meanwhile in 
the oldest plants predominated inulin-type fructans, glucose, and fructose 
[18].

Fructans are classified according to the fructosyl bond into inulins, 
levans, graminans, and fructan neoseries. Inulins contain β (2→1), levans 
β (2→6), graminans have both types bonds and fructan neoseries which 
are featured by an internal glucose molecule that can be lengthened by 
β (2→1) and/or (2→6) bonds, generating inulin and/or levan neoseries 
(Figure 4.1), respectively [1, 16].

López et al. [8] showed that agave fructans are complex mixtures of 
fructans containing β (2→ 1) and β (2→ 6) linkages and external (grami-
nans) and internal glucose (neoseries fructan) units and are found in Agave 
tequilana, A. angustifolia, A. potatorum, A. salmiana and A. fourcroydes; 
these fructans were called agavins [19].

4.2  APPLICATIONS

Because of β-configuration in their fructose monomers, the human diges-
tive enzymes (α-glucosidase, maltase, isomaltase, and sucrase) cannot 
hydrolyze fructans, therefore these are classified as non-digestible oligo-
saccharides. Because of this reason, a fructan-rich diet may have health-
promoting effects, also these compounds are considered as prebiotic 
[20]. A prebiotic is a food ingredient that beneficially affects the host by 
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selectively stimulating growth and/or activity of one or a limited number 
of bacteria in the colon, which improves host health. Recently, it was found 
that many oligosaccharides and polysaccharides (including dietary fiber) 
in food have prebiotic effect; nevertheless, not all dietary carbohydrates 
are prebiotics. To consider a carbohydrate as prebiotic, this have to resist 
gastric acidity, hydrolysis by gastric enzymes and gastrointestinal absorp-
tion, be fermented by the intestinal microbiota and promote selectively 
growth of intestinal microbiota associated with host health [21, 22].

There are different reports mainly with lactobacilli and bifidobacteria 
strains, which evaluated the prebiotic effect of agave fructans. Urías-
Silvas and López [20] mentioned the potential as prebiotics of five Agave 
species (A. tequilana, A. angustifolia, A. potatorum, A. cantala and A. 
fourcroydes), Dasylirion sp. and a commercial inulin-type fructans were 
tested as substrate for lactobacilli and bifidobacteria strains growth and it 
was found that these kinds of microorganisms can grow using Agave and 
Dasylirion fructans as carbon source. Most fructans stimulate the growth 

FIGURE 4.1  Fructan structures: (a) inulin, (b) levan, (c) graminan, (d) neoseries (adapted 
from Ref. [75]).
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of bacteria strains more effectively than commercial inulin. In addition, 
Santiago-García and López [23] studied the prebiotic effect of fructans 
and mixtures with different DP of A. angustifolia using bifidobacteria and 
lactobacilli strains. They reported the prebiotic potential and besides that 
short-DP fructans in mixtures influenced rate of fermentation by probi-
otic bacteria. In another work, using bifidobacteria and lactobacilli strains, 
Velázquez-Martínez et al. [24] found similar results using A. angustifolia 
fructan fractions as carbon source for probiotic bacteria and the most 
assimilated fraction was the fraction with low DP.

Fructans effect on health has been tested with animal’s lab. Urías-
Silvas et al. [25] described the physiological effects of agavins from A. 
tequilana which demonstrated significant effects on glucose and lipid 
homeostasis in male mice C57BL/6J. Santiago-García and López [26] 
evaluated the effect of a supplemented diet with 10% agavins which has 
short DP from A. angustifolia Haw. and A. potatorum Zucc. along with 
chicory fructans. Mice fed with a fructan diet showed lower energy intake, 
body weight gain and triglycerides than mice fed with a standard diet. 
They attributed capability of agavins to enhance glucose and lipid homeo-
stasis by production of SCFA’s (short-chain fatty acids) in the gut and 
by secretion of peptides implicated in appetite regulation. These results 
showed that agavins reduce food intake and might help to control obesity 
and metabolic disorders.

Other research reveals that fructans might help to mitigate bone loss 
and improve bone formation. García-Vieyra et al. [27] indicated that agave 
fructans have an effect on mineral absorption improvement. They used 
C57BL/6J mice and fed them with standards diets, diets supplemented 
with 10% agave fructans or 10% inulin fructans. Calcium, magnesium, and 
osteocalcin levels were evaluated. Levels of calcium in plasma and bone 
increased in mice fed with agave fructans, and also osteocalcin increased. 
Scanning electron microscopy showed that agave fructans help to mitigate 
bone loss in mice. Nevertheless, mechanism of increased mineral absorp-
tion by SCFA’s is not completely understood yet.

García-Curbelo et al. [28] evaluated the prebiotic effect of A. fourcroydes 
fructans on male mice (C57BL/6J) that were fed with standard diet or diet 
supplemented with 10% of Cichorium intybus fructans (Raftilose P95) 
and agave fructans. They monitored the body weight, food intake, blood 
glucose, triglycerides, and cholesterol, gastrointestinal organ weights, 
fermentation indicators in cecal and colon contents and mineral contents 
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in femur. Results suggested that diet supplemented with agave fructans 
produced a prebiotic response similar to or greater than Raftilose P95, and 
additionally, a reduction of serum glucose, triglycerides, cholesterol and 
increased mineral concentrations in femurs. Also, Huazano-García and 
López [29] fed male mice (C57BL/6J) with a standard diet or high-fat 
diet over 5 weeks to induce over-weightiness in mice, then they fed mice 
with a diet shift and a diet shift supplemented with agavins or inulin for 
additional 5 weeks. Solely, the overweight mice fed with agavins or inulin 
showed a reverse in metabolic disorders caused by a high-fat diet. More-
over, consumption of agavins or inulin increased SCFA concentrations and 
modulated hormones implicated in food intake regulation. Another work 
with mice showed that a diet supplemented with 10% A. tequilana agavins 
decreased body weight gain which is induced by a high-fat diet, increased 
production of SCFA and also might act as bioactive ingredients with anti-
oxidant and protective roles in the brain [30]. Also, there are studies in 
humans, Holscher et al. [31] evaluated the gastrointestinal tolerance using 
5 and 7.5 g per day of agave inulin in healthy adults. Results indicated that 
doses up to 7.5 g per day of Agave inulin reduce gastrointestinal upset, 
did not increase diarrhea and enhance laxation in healthy adults. In addi-
tion, other studies have been demonstrated the prebiotic capacity of Agave 
fructans. López-Velázquez et al. [32] worked with newborns to demon-
strate the efficacy of agave fructans from A. tequilana Weber as prebiotics. 
They found that agave fructans promote a bifidogenic effect and regulate 
triglycerides, cholesterol, and lipoproteins.

Zamora-Gasga et al. [33] used A. tequilana by-products to prepare oat-
based granola bars, results showed that these by-products might be used 
as functional ingredients and also could maintain consumer preference. 
Zamora-Gasga et al. [34] evaluated an in vitro enzymatic digestion process 
of a granola bar with agave fructans as ingredients. They found that addition 
of agave fructans increased SCFA production and metabolite production. 
Agave fructans may improve food sensorial characteristics. Crispín-Isidro 
et al. [35] tested the microstructural, rheological, and sensory properties 
of reduced-fat stirred yogurts added with inulin and agave fructans in 
comparison with those of a full-fat control yogurt. Results indicated that 
yogurts added with inulin and agave fructans showed sensory character-
istics (viscosity, creaminess, flavor, and overall acceptability) higher than 
those full-fat control yogurts. In summary, Agave fructans called agavins 
function as non-digestible dietary fiber, as prebiotic, they are able to 
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promote growth of bifidobacteria and lactobacilli as well as production of 
short chain fatty acids (SCFA) which are considered indicators of healthy 
intestinal microbiota, also to mitigate bone loss and other applications.

4.3  AGAVE FRUCTANS EXTRACTION

Because to the multiple applications of agave fructans in the food industry, 
and the wide distribution in nature; extraction, purification, and charac-
terization of these compounds, is increasing in recent years. Many inves-
tigations have been performed to set optimum extraction conditions of 
inulin-type fructans from plants. The most important factors that have an 
influence on yield are temperature, extraction time and solvent/solid ratio. 
The solubility of inulin significantly increases in hot water, being almost 
insoluble at 25°C and more soluble at 90°C, hence, the industrial produc-
tion process is based on diffusion in hot water [36].

González-Cruz et al. [37] described three different non-structural 
carbohydrate extraction methods. They used A. atrovirens karw pines to 
extract inulin-type fructans, pines were grounded in an industrial blender 
and juice was filtered through a cotton cloth producing raw extract; the 
second method was carried out placing pines in water boiled for 20 min, 
and then they were grounded and obtained the aqueous extract, [38] the 
last extraction was obtained placing pines in 70% ethanol for 20 min, after 
that, they were grounded and obtained the alcohol extracts [19]. Results 
showed that the best extraction method was obtained with aqueous extract, 
but that both aqueous and alcohol extracts were inadequate for extraction 
of 1-kestose. Dalonso et al. [39] demonstrated that long chain inulin can 
be precipitated from aqueous solutions in presence of high concentrations 
of organic solvents such as methanol, ethanol, propanol, acetonitrile, and 
acetone among others. The best organic solvent for maintenance of natural 
DP was acetone followed by ethanol and methanol. Acetone possesses 
ability to remove water from solvation of polysaccharides, thereby 
enabling dehydration and subsequent precipitation. Table 4.1 shows the 
most common methods for agave fructans extraction.

Moreover, ultrasound-assisted extraction has been recently proposed 
to improve inulin-type fructans extraction in comparison with traditional 
methods, nevertheless, caution is needed in using sonication to extract 
inulin-type fructans, because some low-molecular-weight fragments 
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are formed by direct action of ultrasounds and changes occurring in the 
chemical composition of the inulin-type fructans. The direct use has been 
suggested for inulin depolymerization, while indirect sonication would be 
more appropriate to extract natural fructans [18].

4.4  ANALYTICAL METHODS

Fructans analysis is fundamental because it provides basic information 
about these compounds mechanism of action which is dependent on its 
chemical structure. Fructans are commonly found as complex mixtures 
of carbohydrates with different DP, monomer composition and glycosidic 
linkages, for this reason, separation of these mixtures is not easy, because 
of structural and weight similarity of carbohydrates. Furthermore, their 
identification is hampered by lack of commercial standards [18, 40] Also, 
in the case of agavins, understanding properties and applications requires 
knowledge about sources of where they come from as well as its molecular 
structure [15]. Hence, analytical fructan characterization is relevant and 
includes different chromatographic techniques such as thin layer chro-
matography (TLC), high performance anion exchange chromatography 
combined with pulse amperometric detection (HPAEC-PAD), besides 
infrared spectroscopy, nuclear magnetic resonance (NMR) and matrix-
assisted laser desorption–time-of-flight–mass spectrometry (MALDI-
TOF-MS) among the most commonly used, nevertheless, use of these 
techniques is limited by technical, practical or economic reasons, such as 
equipment cost [15]. Another technique called fluorophore-assisted carbo-
hydrate electrophoresis (FACE) was developed and described as sensitive, 
simple, and versatile but is rarely been used to analyze fructans in plants 
and has not been widely adopted by researchers [41].

4.4.1  INFRARED SPECTROSCOPY

Near-infrared spectroscopy (NIRS) is a method widely used for qualitative 
and quantitative analysis and is being used in chemical, pharmaceutical, 
and agro-food industries, because it is fast, simple, cheap, and non-destruc-
tive with nearly no sample preparation required [42]. One of the strengths 
of NIR spectroscopy is that it permits to measure several constituents at 
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the same time. Shetty and Gislum [43] used NIR combined with chemo-
metrics to quantify fructan concentration in grass species. They found that 
is possible a rapid quantification of fructans by this technique. In addition, 
mid-infrared spectroscopy (MIR) has been used because is a non-destruc-
tive technique and can be employed for the elucidation of molecular struc-
tures based on their functional groups [15].

4.4.2  CHROMATOGRAPHIC METHODS

Chromatography analysis of fructans started in the 1950s. Bacon [44] 
used chromatography on cellulose powder to quantify oligosaccharides 
produced by action of a yeast invertase on sucrose. While, Edelman, and 
Jefford [45] employed a similar method to separate 1-kestose, and other 
fructans. Then, Darbyshire and Henry [46] tested the same method to sepa-
rate different short chain FOS ranging from 1-kestose (DP 3) to DP 6 but 
did not separate higher than DP 7. Rutherford and Whittle [47] separated 
different FOS by descending paper chromatography, but these FOS were 
not identified and their chemical structure not elucidated.

4.4.2.1  (THIN LAYER CHROMATOGRAPHY) TLC

TLC is a rapid, simple, and low-cost method. Compared with another tech-
niques, this method has different advantages because it requires a simple 
preparation of the sample, it offers possibility of simultaneous analysis 
of many samples and also possibility of analysis of crude samples with a 
minimal preparation [48]. TLC is a technique that can resolve FOS of DP 
level and composition of fructans in plants. Pilon-Smits et al. [49] used 
TLC for fructan analysis, they separated the extracted soluble carbohy-
drates and used 90% acetone, and then, fructans separation was visual-
ized with urea spray at 80°C. Reiffová and Nemcová [48] analyzed FOS 
as feed additives using glucose, sucrose, and fructose as standards solu-
tions for the analysis, they pre-treated silica gel layers with 0.02 M sodium 
acetate, then plates were dried out at 50°C for 5 min, then, samples were 
applied. Layers were developed with butanol-ethanol-water as mobile 
phase. Spots on chromatograms were detected with a mixture of diphenyl-
amine-aniline-phosphoric acid in acetone.
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Mancilla-Margalli and López [19] compared between Agave and Dasyl-
irion species grown in different regions of Mexico using TLC for fructan 
analysis, samples were applied to silica gel TLC plates with aluminum 
support, plates were developed with a butanol-propanol-water mixture 
and carbohydrate spots were visualized with aniline-diphenylamine-phos-
phoric acid reagent in acetone using the method of Anderson, et al [50]. 
Urías-Silvas and López [20] characterized Agave spp. and Dasylirion sp. 
fructans using silica gel plates in a saturated TLC-camera using propanol-
water-butanol as mobile phase and diphenylamine-aniline-phosphoric acid 
as revealing reagent. While, García-Curbelo et al. [51] characterized fruc-
tans present in A. fourcroydes from Cuba by comparison with commercial 
fructans and a standard mixture with 1-kestose, nystose, kestopentaose, 
fructose, glucose, and sucrose, using a system of solvents of butanol-
propanol-water. TLC-plates were dried and then were sprinkled with 
aniline-diphenylamine-phosphoric acid in an acetone base. An example of 
TLC separation of frutans (glucose, fructose, sucrose, 1-kestose, nystose, 
and fructofuranosilnystose is showed (Figure 4.2).

González-Herrera et al. [52] determined the effect of prebiotics (inulin, 
oligofructose, and agave fructans) on physicochemical and sensorial char-
acteristics of a dehydrated apple matrix. They analyzed fructans with 
TLC using a mixture of glucose, fructose, sucrose, 1-kestose, 1-nystose, 

FIGURE 4.2  TLC separation of fructans from Agave sap samples. Lanes 1 and 13 
(standard (glucose, fructose, sacarose, 1-kestose, 1-nystose, 1-fructofuranosilnystose 
(DP5)), lanes 2–12 (Agave sap samples, lanes 14–26).
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and 1-fructofuranosylnystose. They applied samples on a silica gel with 
aluminum support plates, these plates were developed in a propanol-water-
butanol solvent system and for fructans visualization, plates were sprayed 
with an aniline-diphenylamine-phosphoric acid in acetone reagent. Never-
theless, TLC shows a limited application, because it has low resolution 
and sensitivity when it is used for quantitative purposes, and furthermore 
could not be considered as a reliable technique for separation of high DP 
(>5) FOS and fructans [15, 41].

4.4.2.2  HPLC (HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHY) AND HPAEC-PAD (HIGH-PERFORMANCE 
ANION EXCHANGE CHROMATOGRAPHY WITH PULSED 
AMPEROMETRIC DETECTION)

In plants, fructans are generally found as poly-disperse molecules with 
different DP, although they are extracted from the same tissue, they have 
distinct fructosyl-linkages [2]. The HPLC in particular HPAEC-PAD is 
the most widely used method for fructan quantification, fructan distri-
bution in a sample and is capable to provide an excellent separation of 
inulin-type fructans [53, 54]. Mabel et al. [55] analyzed FOS produced 
by a fructosyl transferase from Aspergillus oryzae MTCC 5154 by HPLC 
(LC–6A, Shimadzu) with a refractive index detector. In this case was used 
a polar bonded-phase column (Exsil NH2, 4.6 mm 25 cm, 5 µm), and a 
mixture 80:20 acetonitrile–water at a flow rate of 1.0 mL/min as mobile 
phase. The resulting solution was composed by glucose, sucrose, and 
FOS. Ortíz-Basurto et al. [56] analyzed FOS in agave sap “aguamiel” of 
A. mapisaga, using a Dionex BioLC chromatography system with PAD, 
with a CarboPac PA–100 column (0.4 × 25 cm). Fructans were eluted with 
a sodium acetate gradient in 100 Mm NaOH using 1-kestose, nystose, and 
inulin from Jerusalem artichoke and chicory as standards. While, Raven-
scroft et al. [57] isolated fructans from A. americana and analyzed them by 
HPAEC-PAD, these authors found that fructans were composed of glucose 
and fructose with a DP range from 6 to 50.

Arrizon et al. [58] analyzed the composition of water-soluble carbo-
hydrates and fructan structures from A. tequilana. They used Dionex 
BioLC50 system using an analytical CarboPac PA–100 column (4 × 250 
mm). Column temperature was 35°C, and a sodium acetate gradient in 150 
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Mm NaOH was used at a flow rate of 1 mL min–1. The elution program 
consisted of 6 mM sodium acetate (0–10 min), 6–500 mM (10–190 min), 
and 6 mM (190–200 min) using inulin from Dahlia tubers, glucose, fruc-
tose, sucrose, 1-kestose and nystose as standards. In this study, authors 
found that HPAEC-PAD was more useful for the analysis of low molecular 
weight carbohydrate than other techniques. Liu et al. [53] used a similar 
method with modifications. First, they made a single extraction step, selec-
tive precipitations of fructans by acetone, acid hydrolysis of precipitate 
and a single short HPLC run with a Dionex ED40 electrochemical detector 
working in pulsed amperometric mode using a gold working electrode and 
a combined pH-Ag/AgCl reference electrode. They found that this method 
is efficient and appropriate for screening of many samples. Longland et al. 
[59] determined fructans from pasture grasses with HPLC. Praznik et al. 
[60] isolated and fractionated FOS from A. tequilana by 2D preparative 
chromatography (SEC and HPLC).

Velázquez-Martínez et al. [24] analyzed the fructan profile of A. 
angustifolia Haw with HPAEC-PAD and found a branched fructan struc-
ture. On the other hand, González-Herrera et al. [52] used HPAED-PAD 
to determinate fructans profiles of commercial inulin, extracts of dehy-
drated apple matrix with or without inulin, using an ion chromatograph 
Dionex ICS–3000 with a CarboPac-PA–100 (4 × 250 mm) and a gradient 
of sodium acetate in NaOH. Nonetheless, the direct quantification of fruc-
tans by these methods is complicated because of lack of standards and 
poor resolution of high DP polymers, principally in grass species.

4.4.3  MALDI-TOF-MS (MATRIX-ASSISTED LASER 
DESORPTION TIME-OF-FLIGHT MASS SPECTROMETRY)

This method is used for assessment of spatial distribution of sugars. The 
choice of this method depends largely on sample nature, is an ideal tech-
nique for analysis of complex mixtures. Stahl et al. [61] analyzed fructan 
from Dahlia variabilis. [2, 7], Romero-López et al. [62] determined DP of 
fructans from A. tequilana, A. salmiana, and A. atrovirens. Also, Evans et 
al. [63] used this method to determinate DP of chicory and rye-grass. None-
theless, unfortunately, does not provide complete structural information.
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4.4.4  NMR (NUCLEAR MAGNETIC RESONANCE)

NMR of ¹³C and ¹H was developed to investigate the anomeric form, 
ring structure, linkage oligomers and polymers containing D-fructose 
and β-D-fructofuranosyl groups or residues, but now is a sophisticated 
analytical tool used for complete fructan structural determination without 
sample preparation. The complex fructan structures was observed for 
Agave fructans using others analytical techniques and then confirmed by 
NMR [2]. Cérantola et al. [64] used this method for the characterization 
of inulin-type fructooligosaccharides from Matricaria maritime (L.). Also 
Ravenscroft et al. [57] determined an average DP of 14 by ¹H NMR of A. 
americana. Mabel et al. [55] identified oligomers present in a mixture of 
fructooligosaccharides by this method. Praznik et al. [60] analyzed FOS 
from leaves and stem of A. tequilana.

4.4.5  FACE (FLUOROPHORE-ASSISTED CARBOHYDRATE 
ELECTROPHORESIS)

FACE was described as a simple, sensitive, and versatile method for 
analysis of mono and oligosaccharides, FOS, and fructans and became 
an important technique in glycobiology. The separation of fluorescently-
labeled carbohydrates is performed on polyacrylamide gels and a charge-
coupled device camera used to detect and quantify the products. Jackson 
[65] introduced this method to separate mono and oligosaccharides and 
then others authors used this technique [66–69]. Although, this technique 
rarely has been used for analysis of FOS and fructans in plants, but it has 
been used to analyze other carbohydrate oligomers. Nevertheless, it has 
not been widely adopted by researchers [41].

4.5  FUTURE PERSPECTIVES

Recent research findings have shown health-promoting effects of agave 
fructans. As it was mentioned before, it has been found that agave fructans 
reduce the food intake, reduce glucose and triglycerides in blood, increase 
mineral absorption and reduce gastrointestinal upset. Most of the research 
has been evaluated in mice, but it is necessary to increase the research 
about the prebiotic effect of agave fructans and other health benefits in 
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humans. Furthermore, agave fructans may improve food sensorial charac-
teristics, so this and the prebiotic effect demonstrate its potential to be used 
as a functional ingredient in food. Nevertheless, although, agave fructans 
possess all of these benefits, it still requiring certification fulfillment [4].

Despite the numerous analytical techniques, the analysis of fructans 
still remains complex due to their structural complexity. An alternative 
is that fructans are best measured after their hydrolysis to D-fructose 
and D-glucose. It has been suggested to remove sucrose, D-glucose, and 
D-fructose by hydrolyzing sucrose with crystalline yeast invertase but this 
enzyme also hydrolyses lower polymerized fructans and FOS [70]. An 
alternative approach is using HPLC to analyze extracts of samples either 
untreated, or treated with amyloglucosidase (EC 3.2.1.3) or amylogluco-
sidase along with inulinase (EC 3.2.1.7, fructanase) [71]. By measuring 
sucrose, D-fructose, and D-glucose in various samples before and after 
the enzymatic hydrolysis, free D-glucose and D-fructose, sucrose, starch, 
and fructan can be estimated with appropriate calculation. Nonetheless, 
this method is not recommended for use on samples containing high levels 
of D-glucose, D-fructose, sucrose or maltose as these contribute to the 
sample blank absorbance. The next table 4.2 shows a comparison between 
the different analytical techniques for the analysis of agave fructans.

4.6  CONCLUSIONS

Agave fructans analysis is very important because it provides information 
about these potential ingredients in food industries and other applications. 
Nonetheless, none of the agave products has been classified as prebiotics 
because it is necessary to develop in vitro and in vivo research. In addition, 
it is needed to increase the knowledge of properties and composition of 
products derived from the wide biodiversity of Agave plants. Some proce-
dures for measurement of FOS and fructans levels in plants, crops, and 
food products were described. Chromatography-based techniques are the 
most used methods specially HPAEC-PAD. All techniques show limita-
tion but each method had advantages. It is important to highlight that is 
necessary to know about the sample that will be analyzed and then choose 
the best and more reliable technique to elucidate the structure and function 
of fructans.
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CHAPTER 5

ABSTRACT

Aguamiel is a natural product obtained from Agave plants. In Mexico, 
over 200 Agave species can be found across all the territory but aguamiel 
it is not produced in all species. Some of the species producers of agua-
miel are Agave salmiana, Agave atrovirens or Agave mapisaga to name 
some of them. Aguamiel is a liquid product and can be used as a beverage 
or as a raw material to produce some commercial products like “pulque” 
or “pulque’s bread”; it takes a long time to be produced by the plant and 
recollection is done manually. Sugars are the main compounds in agua-
miel, including glucose, sucrose, fructose, and a quantity of short-chain 
fructo-oligosaccharides; also, it contains some minerals like Mg+2 and 
Ca+2, saponins and a few amino acids. The presence of fructo-oligosaccha-
rides brings some health benefits to this sap; for example, acts as prebiotic 
or enhances mineral absorption of mineral in the colon. Due to the benefi-
cial properties and composition that it presents, aguamiel may be used as a 
new alternative to improve nutraceutical of functional foods.
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5.1  INTRODUCTION

Mexico has different kind of natural resources, which are a good economic 
source to the people producing them; Agave production is one of them. In 
Mexico territory above 200 different species are found, representing 75% 
of all species around the world [1]. However, Agave plants species distri-
bution and production varies within Mexico’s territory. Some states have 
more production of a different variety as it is shown in Table 5.1.

TABLE 5.1  Principal States Where Subgenres of Agave Can Be Found

Subgenre Species Zones Principal states Reference
Agave A. salmiana

A. atrovirens
A. angustifolia
A. tequilana

Sierra Madre Oriental

Sierra Madre Occidental

Southern Highlands

Sierra Madre del Sur

Baja California

Durango

Sonora

Chihuahua

Coahuila

Tamaulipas

Guanajuato

Querétaro

Jalisco

[2]

[3]

[4]

[2]

[5]

Littaea A. celsii albicans
A. xylonacantha
A. difformis
A. striata

Center and East of 
Mexico

Hidalgo

Querétaro

Puebla

Sonora

Durango

[2]

[6]

Mesoamerican cultures used to use Agave products as a medicinal 
alternative when they get sick without knowing any of their medicinal 
or nutritional properties. The different cultures used and consumed many 
parts of the Agave plant, mainly the cooked heart and leaves. The mainly 
Agave products that can be extracted from this plant are its sap (agua-
miel) and pulque, which is the result of spontaneous fermentation of agave 
sap. Pulque is consumed as a traditional alcoholic beverage or used as 
raw material to produce “pulque bread.” However, because of its high 
sugar content, aguamiel can also be used for the production of fructans 
and agave syrups [7, 8]. On the other hand, there are other products from 
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Agave plants very popular nowadays around the world, tequila and mezcal, 
both alcoholic beverages produced after a distillation process [5, 9] from 
different plant species.

5.2  AGUAMIEL PRODUCTION AND EXTRACTION

Aguamiel is naturally produced by different Agave species. Each one must 
and produce and exudate that will be collected. Some of the Agave species 
used to produce aguamiel are Agave americana, A. atrovirens, A. ferox, 
A. mapisaga or A. salmiana. In Coahuila, the aguamiel that is marketed is 
produced from plants of A. salmiana and A. atrovirens [Narváez-Zapata 
and Sánchez-Teyer 2010, 3].

The first step in aguamiel production is to allow the Agave plant to 
grow and mature. Usually, the time it takes a plant to reach maturity is 
between 8 and 10 years; When the plant is ready to produce aguamiel, 
Agave stalk is observed in vertical position (Figure 5.1), and then it 
needs to be cut to generate a cavity in the center of the plant where the 
exudate will be collected (Figure 5.2); inside this cavity, aguamiel will 
be produced naturally by exudation [10]. For this, the cavity walls will be 
scraped continuously.

Once the cavity has been generated in the center of the plant, it must 
be covered to protect it from the aguamiel of the animals living around 
the plantation, such as coyotes and foxes, which may be attracted by its 
sweet fragrance (Figure 5.3). The plant is prepared to produce aguamiel 
all over four months; every time the aguamiel is collected, the cover is 
removed and placed again. The aguamiel collection is carried out with an 
“acocote,” an old traditional instrument; however, alternatively the agua-
miel is collected by introducing into the cavity glass vessels or cups while 
the collected liquid is transferred to bigger bottles (Figure 5.4) [10].

The final step of this process consists on scraping the walls of the 
cavity made in the Agave (Figure 5.5). This is done with the help of a 
rounded spatula in order that the walls of the cavity do not dry and facili-
tate the sap that exudes the plant to accumulate. The plant material that is 
scraped is known as bagasse and is collected and discarded. The cavity is 
covered again, and this process is repeated every day until the Agave stops 
producing aguamiel [10].
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The collection process is carried out for about four months approxi-
mately since the first production; however, the amount of aguamiel 
produced varies during this period (it generally decreases) as well as 
depending on each Agave plant and species. Some plants can produce up 
to five liters per day while others have a maximum production of two or 
three liters per day. The process of production of aguamiel takes a long 
time, and is done in an artisan way since special care must be taken to 
scrape the walls of the cavity and remove the bagasse. If this process is 
carried out incorrectly, the production of aguamiel can be reduced or lost 
altogether.

FIGURE 5.1  Agave stalks in vertical position.
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5.2.1  AGUAMIEL COMPOSITION

Aguamiel consists of different compounds, mainly sugars as Ortiz-Basurto 
et al. [11] reported. Sugars present in aguamiel are diverse, but glucose 
is found in greater quantity, followed by sucrose, fructose, and a lower 

FIGURE 5.2  Generating the cavity in the center of Agave.
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amount of fructo-oligosaccharides. Sugar concentrations in aguamiel may 
vary along the four seasons of the year as Enríquez Salazar [3] reported; 
in winter and spring it has the highest sugar content, when the weather is 
extreme (very cold or very hot) and the most abundant microbiota. Agua-
miel also has low amounts of proteins and free amino acids that can favor 
the human diet; some essential amino acids found in aguamiel are aspartic 
acid, arginine, and alanine [11]. These main compounds are shown in 
Table 5.2.

Aguamiel has a great content and variety of minerals, most of which 
have a beneficial effect on health. Some of them are calcium, followed by 
iron and magnesium, and other minerals. Calcium is the mineral found in 
greater proportion in aguamiel of different Agave species. For example, 
Agave salmiana has 408 mg L–1 according to Tovar et al. [2008], which is 

FIGURE 5.3  Cavity covered to protect the plant.
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FIGURE 5.4  Collection of aguamiel.

TABLE 5.2  Compounds Present in Aguamiel From Different Agave Plants 

Total 
sugars

Reducing 
sugars

Proteins Lipids Ashes Brix 
degrees

Density
(g/cm3)

Reference

219.09 c 23.10 c 0.65 c N/A N/A 9.78 N/A [3]
254.15 c 32.15 c 0.41 c N/A N/A 13.66 N/A [3]
102.88 c 32.33 c 0.14 c 18.58 c 8.17 c 10.60 1.05 [12]
N/A 61.31 d 3.50 d N/A 3.10 d N/A N/A [13]

a Agave salmiana, b Agave atrovirens, c g/L, d% dw.

higher than the Agave salmiana reported by Silos-Espino et al. [2010] with 
200 mg L–1; meanwhile, Agave mapisaga reported from Ortíz-Basurto et 
al. [11] contains 126 mg L–1. On the other hand, both Agave salmiana and 
aguamiel from Agave atrovirens have a high content of copper and zinc, 
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and a consumption of 850 mL will provide the recommended daily intake 
of iron and zinc.

Aguamiel from Agave atrovirens also has a high amount of amino-
acids, containing 17 different aminoacids, 9 of these are essential amino-
acids and some vitamins such as thiamine, rivoflavine, niacin, pirodixine, 
and vitamin C [13, 14]. Meanwhile, aguamiel from Agave salmiana has 
not yet been characterized about these compounds.

FIGURE 5.5  Scraping process of the cavity in Agave.
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Saponins can be found in aguamiel at a high concentration compared 
to another sources; Leal-Díaz et al. [15] reported a high concentration 
of kammogenin before aguamiel gets mature, reducing its concentration 
almost a half in Agave salmiana. Also, aguamiel contains manogenin, 
gentrogenin, and hecogenin, but in low concentrations compared to 
kammogenin [15, 16]. Due all the different saponins content, aguamiel 
can reach 1.17 g/100 g [13].

5.2.2  HEALTH BENEFITS

Within aguamiel composition, several compounds can improve human 
health in many ways. Sugars are the major component in aguamiel and, 
within them, fructo-oligosaccarides are those that are in greater concentra-
tion. These compounds play an important role in the beneficial effects of 
aguamiel.

The main benefit of fructo-oligosaccharides in human health is that 
they can act as prebiotic compounds and favor the beneficial microbiota 
inside colon that use the FOS as carbon source for its growth. These 
beneficial microorganisms can assist in the food processing: Yen et al. 
[17] reported that 10 g of FOS per day increase the excretion of bifido-
bacteria and reduce plasma thiobarbituric acid-reactive substances. FOS 
also relief constipation and reduce the formation of putrefaction products 
in the gut, and reduce triglycerides, cholesterol, glucose, and blood pres-
sure as reported by Hidaka et al. [18]. This agrees with the reported by 
Phuwamongkolwiwat et al. [19] who reported the regulation of cholesterol 
and triglycerides levels with increased secretion of GLP–1 and quercetin 
in the blood. Fructo-oligosaccharides can provide anticancer properties in 
colon according to Vitali et al. [20], who reported that these compounds 
enhance the proliferation of microorganisms in the colon which inactivate 
the production of toxic compounds, reduce the concentrations of pyridine 
and increase butyrate production, while reducing the adsorption of hetero-
cyclic amines. Finally, increasing the population of these microorganisms 
in the colon favors the intestinal absorption of minerals such as Na+ and 
Mg+2 [21].

Due to the amino acid, mineral, and vitamin content in aguamiel, this 
product can provide different benefits as a nutritious food. Aguamiel 
vitamins are essential for cellular respiration and synthesis of different 
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compounds as in the case of vitamin B6. Also, its diverse amino acid 
content and high amount of essential amino acids makes it a good source 
of these for human consumption. Also, kammogenin and manogenin can 
provide beneficial properties, as they act as antiproliferative cancer cells 
[16].

5.2.3  MICROORGANISMS ISOLATED FROM AGUAMIEL

As aguamiel has a high concentration of sugars, its variety of microor-
ganisms is high; many of these microorganisms are beneficial to human 
health. Castro-Rodríguez et al. [22] isolated four Leuconostoc mesen-
teroides strain with probiotic activity from aguamiel of Agave salmiana. 
When comparing these strains with a commercial strain of Lactobac-
cilus plantarum v299, the four strains showed the property of adhering 
to the intestinal mucosa and a high antimicrobial activity. Castro-Rodrí-
guez [23], reported isolation of a Leuconostoc mesenteroides strain that 
was compared to a strain of Lactobacillus delbruecki subsp. Bulgaricus 
NRRL-B–734; the L. mesenteroides strain showed a better adhesion to 
the intestinal mucosa and a better antimicrobial activity against Salmo-
nella typhimurium and Listeria monocytogenes, both very pathogen 
microorganisms.

From aguamiel not only strains have been isolated to evaluate their 
probiotic properties, another yeast strain was also evaluated which act as a 
killer indicating that these yeasts can be used as starters in a fermentation 
processes. Estrada-Godina et al. [24] isolated some yeast strains from agua-
miel including Candida lusitaneae, two strains of Kluyveromyces marx-
ianus var. bulgaricus and a Saccharomyces cerevisiae strain. However, 
only the Kluyveromyces marxianus var. bulgaricus strains showed a killer 
activity, so only these two strains can be used in alcohol production.

5.3  AGUAMIEL APPLICATION IN DIVERSE PRODUCTS

Aguamiel can be used to produce other derivatives such as pulque, pulque 
bread, and agave syrup.
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5.3.1  PULQUE

Pulque was known by pre-Hispanic cultures (like the Aztecs) like metoctli, 
iztacoctlli o poliuhquioctli. These definitions mean that this product is a 
wine and, possibly, the Spanish decided to use this last definition as a basis 
for calling this product pulque and thus refer that fermented pre-Hispanic 
drink [7].

Pulque is an acidic, viscous, and alcoholic traditional Mexican 
beverage produced from aguamiel [Valadez-blanco et al., 2012]. It is 
produced mainly in wooden or plastic containers and is the product of the 
spontaneous fermentation process of aguamiel. The fermentations process 
is a fed-batch fermentation at 25 – 50°C between 12 to 24 h and the final 
alcohol concentrations can vary from 3 to 6% [Valadez-blanco et al. 2012]. 
The main microorganisms involved in this fermentation are Zymomonas 
mobilis, Leuconostoc mesenteroides or Lactobacillus sp., and sometimes 
also can be found involved in this process Saccharomyces cerevisiae. All 
these bacteria or fungi are naturally found in aguamiel when extracted 
from Agave plants [3, 7, 25].

5.3.2  PULQUE BREAD

Pulque’s bread is a traditional product from Saltillo, Coahuila (northern 
Mexico) since 1925 [26]. This product is made since ancient times and it 
was produced after people discovered pulque. Pulque bread is made with 
pulque, brown sugar and cinnamon as main components, and is elaborated 
like a normal bread; in some ancient reports, this bread was salted, but 
later people made it into a sweet bread by adding sugar to its elaboration 
[Rios, 2017]. The production of this bread is still in the home industry and 
is sold in a few specialized stores on its production.

5.3.3  AGAVE SYRUP

Agave syrup is a high-fructose product, which is obtained after the release 
of fructose as a result of the hydrolysis of the fructo-oligosaccharides 
contained in the aguamiel [28]. The aguamiel has 74°Brix and pH can 
vary between 4 to 6, while fructose can reach 70% of the total sugar 
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composition after hydrolysis, and less than 2% of sucrose [28]. However, 
Muñiz-Márquez et al. [12] reported an increase in sucrose concentration 
after applying a heat treatment to aguamiel, increasing up to 20 times the 
initial sucrose concentration.

After this process aguamiel, the sugar content is concentrated, so that 
all the beneficial attributes aguamiel are multiplied. Some compounds 
extracted from this concentrated product are flavonoids, polycosanols 
or sapogenins. These compounds can inhibit colon cancer Caco–2 and 
hepatic cancer HepG2 cell lines by up to 84.8 and 67.9% respectively; in 
addition, acetone extracts had a high antioxidant activity, these extracts 
could be applied in some products to increase their nutritional content [28, 
29].

5.4  CONCLUSIONS

Aguamiel contains a considerable number of beneficial compounds to the 
health; this product can be used in many products. It can be used as an 
ingredient in some foods or it can be converted into many products: as a 
processed beverage, as a concentrate of aguamiel or another. Also, it has 
a high potential of strain isolation, so it can be used to obtain microorgan-
isms that help human health or improve some biotechnological processes 
like fermentation or another bioprocess.
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ABSTRACT

In the last years, nutraceutical products consumption has increased, mostly 
because of its natural origin, affordable prices, and benefits generated by its 
ingestion. Overall, nutraceuticals are formulated with different ingredients 
such as amino acids, proteins, vitamins, minerals, polyphenols, probiotics, 
and other bioactive compounds. These kinds of compounds can help the 
human body to maintain a physiological balance and therefore, health. 
Recently, nutraceuticals consumption on a regular basis has proven being a 
revolution compared to conventional pharmaceuticals basically, because of 
its curative and preventive potential against different pathologies. Research 
on nutraceutical products and its benefits are often discussed; however, 
there is some outstanding information that is certainly significant to assess 
regarding its performance against different kind of cancer pathologies and 
neurodegenerative diseases by its bioactive ingredients, which confers 
them certain helpful capacities. Accordingly, this manuscript focuses on 
the potential activity of these bioactive compounds with nutraceutical 
value as adjuvant treatments for important and outstanding pathologies. 
Some of the most important include breast cancer, colorectal cancer, 
lung cancer, Alzheimer and Parkinson’s disease, among others, that are 
significant to evaluate and undoubtedly will contribute to the improvement 
of nutraceuticals research and development.

6.1  INTRODUCTION

Currently, the increased consumption of natural products is in a critical 
phase. Human concern for disease prevention rather than healing has been 
a crucial factor, which is necessary to achieve success with nutraceuticals 
products. It should be noted that human health is closely related to diet 
and therefore with the participation of biologically active dietary prod-
ucts; some of these products with nutraceutical potential, contribute to 
homeostasis.

There are many definitions for nutraceuticals; commonly, it is used the 
description reported by DeFelice [1] who mentioned that “nutraceutical” 
is made by combining “nutrition” and “pharmaceutical” [2], this because 
nutraceuticals are foods or food extracts administered through pharmaceu-
tical matrices which possess biological activity in the body. This term was 
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coined by the Foundation for Innovation in Medicine in 1989 to describe 
the area of biomedical research of some natural compounds that began to 
flourish during the period [1].

Frequently, the nutraceutical term is associated or confused with the 
concepts of dietary supplement, functional food, and medical food, among 
others (Table 6.1). It is common that these terminologies are related because 
of the description is given by the authors who define them according to 
regulations that exist in each country for these kinds of products [3, 4]. It is 
noteworthy that some authors describe and consider a nutraceutical as food 
supplements since both products are defined as compounds isolated from 
a natural source; such as food or plants that are eaten as part of a healthy 
conventional diet [5, 6]. However, others report that the most significant 
difference is that nutraceuticals are not held in food matrix as functional 
foods, but rather in a pharmaceutical form such as tablets, powders, pills, 
among others, even though these might depend in the context of the defini-
tion of some authors [7].

TABLE 6.1  Description of Some Terms Associated with Nutraceuticals

Term Description

Functional foods

Any food that consumed has a nutritional value and positive 
impact on health stability. Found in a food matrix, but may be 
altered by removing, adding or replacing some of its compo-
nents that make them better than the originals.

Dietary or food 
supplements

Products consumed as part of a healthy regime, not found exclu-
sively in a food matrix. The purpose of this kind of product 
is not based on improving health or pathologies compared to 
nutraceuticals.

Nutraceuticals

Products consumed as part of a healthy diet but its incorporation 
is not limited to a food matrix. Found in pharmaceutical forms 
such as pills, powders, tablets or others. They can prevent or 
cure diseases.

6.2  NUTRACEUTICALS CLASSIFICATION

Most nutraceuticals are composed of bioactive compounds (Table 6.2), 
which are obtained from diverse parts of plants such as fruits, vegeta-
bles, and even microorganisms [8, 9]. Furthermore, it has been shown that 
bioactive compounds can perform different biological activities (Table 
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6.2). Classification of nutraceuticals is difficult because of a large number 
of ingredients that this kind of products has [10]. However, Singh and 
Sinha [11] stated that nutraceuticals can be divided into two groups: the 
“traditional” including all-natural substances obtained from foods, without 
being altered in any way whether biochemistry or biotechnologically; and 
the “non-traditional” which include those modified with bioengineering 
methodologies.

TABLE 6.2  Common Bioactive Compounds in Nutraceuticals and Their Biological 
Activities

Bioactive compounds Examples of biological activities
Amino acids
Proteins
Vitamins
Minerals
Carbohydrates
Polyphenols
Fatty acids
Prebiotics
Probiotics
Dietary fiber
Carotenoids

Antioxidant
Anti-inflammatory
Anti-allergic
Immunomodulation
Anti-proliferative
Cancer prevention
Lipids control (Lowering lipids blood levels)
Cardioprotective
Diabetes control (Lowering glycemic blood levels)
Neurodegenerative diseases prevention

On the other hand, Lokesh et al. [12] indicated that nutraceuticals can 
be grouped into four different categories, the first group includes some 
dietary nutrients (carbohydrates, amino acids, vitamins or minerals); the 
second is dietary supplements containing a mixture of food nutrients in 
the first group. The third category includes non-toxic secondary metabo-
lites obtained as result of extractions of healthy plants or herbs whose 
beneficial properties have been already reported. Finally, the fourth group 
includes herbal extracts or extracts of traditional medicines whose benefi-
cial biological activity has also been tested and reported. Generally, the 
nutraceuticals classification can be summarized in Table 6.3.

6.3  NUTRACEUTICALS DEVELOPMENT

Nutraceuticals are consumed because they offer concentrated bioactive 
compounds, which can act in the human body and improve its health, 
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by either treating or preventing some diseases [4, 6, 7, 9]. Production of 
nutraceuticals involves the use of natural bioactive compounds obtained 
from different sources including: plants, foods, and microorganisms; some 
of the technologies used for the extraction of these compounds are listed 
in Table 6.4 [14, 15].

Biologically active substances can be obtained by diverse methods of 
extraction thus different methodologies can be employed to isolate, concen-
trate, and purify these compounds. Accordingly, the method used depends 
on the product and degree of desired purity to be obtained. However, in 

TABLE 6.3  Overall Classification of Nutraceuticals

Classification 
system

Description

Pandey et al. [13] •	 Potential:

	 Viable products for its use as a nutraceutical but does not have 
enough clinical data to prove a health benefit.

•	 Established:

	 Nutraceuticals products that are already reported to have health 
benefits.

Singh and Sinha 
[11]

•	 Traditional:

	 Nutrients obtained from foods without being altered in any way.

•	 Non-traditional:

	 Nutrients modified by bioengineering procedures.
Chauhan et al. [9] •	 Natural:

	 Extracted from natural sources such as plants, foods or 
microorganisms.

•	 Chemical:

	 Synthesized from chemical reactions.
Lokesh et al. [12] •	 First group:

	 Dietary nutrients.

•	 Second group:

	 Dietary supplements (mix of first group ingredients).

•	 Third group:

	 Non-toxic secondary metabolites obtained from plant extracts.

•	 Fourth group:

	 Herbal extracts and/or traditional medicine extracts.
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most cases, purification methods used are based on the employment of 
some chromatography technique [16, 17].

Considering that, bioactive compounds include a broad diversity of 
molecules; each one of them specialized in developing a biological activity 
in the human body, it is necessary to prove its biological influence and 
toxicological security for their consumption as part of the diet [18]. Every 
bioactive compound used as nutraceutical constituents are not dangerous 
according to their natural extraction sources since people usually ingest 
them conventionally in the form of food or are found in harmless sources; 
plus, the regulation systems and laws for their commercialization are not 
strict enough as for pharmaceutical products [6, 9].

Some of the common methodologies to guarantee its safety include in 
vitro analysis with different cell lines or biological models such as Artemia 
salina, Daphnia magna and Danio rerio [19. 20]. Occasionally, strategies 
include the not so frequent but more advantageous in vivo examination 
using different biological models such as rabbits, rats, but mostly, mice 
[18, 21]. Subsequently to these strategies, it has been reported that some 
researchers have implemented in vivo human models analysis known as 
“nutritional interventions” to study toxicology, biological effects, phar-
macokinetics, and etcetera. However, this kind of studies are not frequent 
because of the difficulties that they represent such as time-consuming 
analysis, multiple steps methodologies which are expensive, but firstly, 
human security and ethical issues [18, 21, 22].

TABLE 6.4  Methodologies Used for Bioactive Compound Extractions in Different 
Sources

Extraction procedures for bioactive compounds
Solvent or enzyme-assisted extraction

Pressurized liquid extraction

Subcritical fluid extraction

Supercritical extraction

Microwave-assisted extraction

Ultrasonic-assisted extraction

Pulsed-electric field extraction

Instant controlled pressure drop-assisted extraction
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A general scheme of the development of nutraceuticals can be found in 
Figure 6.1.

FIGURE 6.1  General scheme of the development of nutraceuticals.
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6.4  BIOACTIVE COMPOUNDS IN NUTRACEUTICALS

As it was mentioned before, nutraceutical products are composed of 
different kinds of bioactive compounds with the nutritional importance 
that can be found in diverse sources in nature. Some bioactive compounds 
with nutraceutical value are shown in Table 6.5 with different examples 
and their sources can be found as well.

Most bioactive compounds found in nutraceutical products possess 
multiple therapeutic benefits and are related to a general physiological 
profit. Nowadays, the main target for these compounds are outstanding 
pathologies such as cancer and/or neurodegenerative diseases where 
conventional pharmacological systems are not always effective or can 
generate secondary effects that have repercussions in health. Strong 
evidence in the field of health has been reported about how bioactive 
compounds, nutraceuticals, functional foods, among others, can achieve 
certain positive biological activities as a result of its consumption [47].

6.5  NUTRACEUTICALS FOR CANCER AND 
NEURODEGENERATIVE DISEASES

According to the World Health Organization (WHO) [48], cancer is the 
principal cause of death in the world, at least in 2015, the number of deaths 
occurred by this pathology was 8.8 million. Some of the most important 
types of cancer are:

1  lung cancer;
2  hepatic cancer;
3  colorectal cancer;
4  gastric cancer; and
5  breast cancer.

6.5.1  LUNG CANCER

This kind of cancer is the first cause of deaths by cancer worldwide; it can 
be classified either as a small cell lung cancer (SCLC) or as a non-small 
cell lung cancer (NSCLC). The primary treatment scheme for most patients 
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TABLE 6.5  Examples of Bioactive Compounds with Nutraceutical Value and Their 
Sources

Bioactive 
compound

Example Source Reference

Amino acids Glycine
Aspartic acid
Glutamic acid
Tryphtophan

Pistachios
Maize
Codfish
Pilchard

Anbazahan et al. [23]
Je et al. [24]
Vijay et al. [25]

Proteins Caseine
Serum albumin
Whey protein

Milk
Cheese
Butter

Valiño et al. [26]
Kimpel and Schmitt [27]
Diarrassouba et al. [28]

Vitamins Vitamin A
Vitamin C
Vitamin D
Vitamin E

Carrots
Lemons
Salmon
Spinach

Nieves [29]
Houston [30]

Minerals Potassium
Calcium
Magnesium
Zinc
Iodine

Bananas
Eggs
Nuts
Chicken
Cranberries

Houston [30]
Anbazahan et al. [23]

Carbohydrates Starch
Cellulose
Fructose
Maltose

Potatoes
Lettuce
Cauliflower
Bread

Webster and Lehrke [31]
Pallela [32]

Polyphenols Gallic acid
Coumaric acid
Sinapic acid
Resveratrol
Caffeic acid

Pomegranate
Tomatoes
Blueberries
Strawberry
Coffee

Bahadoran et al. [33]
López-Gutiérrez et al. [34]
Tomé-Carneiro and Visioli 
[35]

Fatty acids Omega–3 fatty acids:
Alpha-linoleic
Eicosapentaenoic acid
Docosapentaenoic acid
Docosahexaenoic acid

Anchovies
Salmon
Shrimp
Egg yolk
Canola oil

Alanazi [36]
Hamilton et al. [37]

Prebiotics Oligosaccharides: 
Xylooligosaccharides

Cabbages
Onions

Ganguly [38]
Samanta et al. [39]
Wichienchot et al. [40]

Probiotics Lactic acid bacteria:
Lactococcus, 
Streptococcus
Bifidobacterium

Yogurt
Pickles
Microalgae
Pickled 
cucumbers

Behnsen et al. [41]
Begum et al. [42]
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who have SCLC involves chemotherapy and, in particular cases, radiation 
therapy. On the other hand, NSCLC patients undergo surgery as a first 
medical action but in some cases, patients also receive chemotherapy and/
or radiation [49]. Although surgery, chemotherapy, and radiation therapy 
(alone or combined between them) are a strong but practical interven-
tion scheme for lung cancer, medication such as erlotinib and afatinib can 
positively improve the results of the treatments. However, these medica-
tions can develop secondary adverse effects from simple rash, diarrhea, 
conjunctivitis, headaches, among others, to a hepatic or kidney failure, 
intestinal bleeding, etc. [50, 51].

Regarding bioactive compounds that have nutraceutical value, there is 
plenty of information which mentions that the anti-oxidative activity and 
other molecular pathways in the body help to suppress angiogenesis and/
or carcinogenesis of the tumor cells that produce lung cancer and even can 
help with adverse side effects of conventional treatments [52]. Recently, 
Ku et al. [53] indicated that maclurin, an organic compound extracted 
from the Moruslaba (white mulberry) and Garcinia mangostana, had the 
antioxidative capacity with anti-metastatic effects of human NSCLC cells 
on an in vitro level. On the other hand, Wright et al. [54] studied the effects 
of a daily antioxidant intake such as carotenoids, flavonoids, and vitamin 
E; in this investigation, it was remarkable that lung cancer risk in subjects 
was decreased by consumption of these bioactive compounds.

To conclude, reports in the specific nutraceutical field, such as the 
investigation by Frese et al. [55] showed the sensitization of cancer lung 

Bioactive 
compound

Example Source Reference

Dietary fiber Inulin
Lignin
Chitins
Pectins
Beta-glucans

Garlic
Artichoke
Asparagus
Apple
Lemons

Trung and Stevens [43]

Carotenoids Lycopene
Lutein
Zeaxanthin
Fucoxanthin
Canthaxanthin
Astaxanthin

Tomatoes
Watermelon
Carrots
Wakame algae
Cabbages
Microalgae

Tanaka et al. [44]
Berrow et al. [45]
Gonzalez-Sarrias et al. [46]

TABLE 6.5  (Continued)
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cells to apoptosis by the influence of the Oleandrin. Also, other reports 
indicate the effect of Berberine, a nutraceutical found in different parts of 
some plants such as Berberis vulgaris, B. aristata, B. aquifolium, among 
others, inducing growth inhibition and apoptosis of NSCLC cells on an in 
vivo level [56].

6.5.2  HEPATIC CANCER

There are two different kinds of hepatic cancer: primary and secondary; 
the first one is referred to cancer that originates in the liver, while the 
secondary is the one where cancer originates in another organ and then 
it spreads to the liver [57]. Hepatocellular carcinoma (HCC) is the most 
common form of primary hepatic cancer and the second cause of death 
worldwide [58] and the risk factors include infection with hepatitis B and 
hepatitis C viruses (HBV and HCV). However, there is also influences like 
host genetic factors and others associated with the person lifestyle such as 
heavy alcohol intake, obesity, smoking, and less frequently, consumption 
of food contaminated with aflatoxins [59].

Main causes of hepatic cancer can be prevented through simple public 
health services, which include appropriate vaccination against HBV and 
HCV, sanitary practices and healthy life choices. Nevertheless, once HCC 
is present, it mainly depends on the advanced state in which it is to be 
treated. First stages of the HCC include curative treatments involving 
ablation, resection or liver transplants, intermediate to advanced stages 
may also involve palliative treatments such as chemoembolization and 
some immune-based pharmaceuticals involvement [60, 61].

Since HCC is essentially incurable cancer, much research has been 
made to develop adjuvant therapies that help the patient to overcome 
secondary side effects from conventional treatments and, ideally, aid the 
host to improve their health. One of these strategies is the use of nutraceu-
ticals and/or bioactive compounds. In this context, investigations by Sethi 
et al. [62] using the bioactive compound garcinol extracted from Garcinia 
indica fruit assisted to suppress growth of human HCC on in vitro and in 
vivo studies. On the other hand, use of nutraceuticals such as quercetin, 
perillyl alcohol, fisetin, curcumin, epigallocatechin gallate, eriodictyol, 
and naringenin can inhibit the HCC angiogenesis and metastasis by their 
anticytokine mechanism of action [63].
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6.5.3  COLORECTAL CANCER

This type of malignancy is one of the most common cancers and is the 
third cause of death worldwide. According to WHO [64], if no action is 
taken, the incidence of colorectal cancer is expected to rise by 60% in 
2030. Causes of colorectal cancer are multifactorial, however, most of 
them are related to dietary factors. In this sense, preventive measures for 
colorectal cancer include healthy life choices such as doing exercise and 
maintain healthy diets, avoid smoking and alcohol consumption may be 
the difference.

Typically, treatment depends on the pathology stage and tumor local-
ization. Surgery to remove it, is the first step for early stages; a complete 
colostomy is not an often procedure, but when done, it is usually a tempo-
rary form of treatment. For its part, advanced stages of cancer include 
treatments that involve radiotherapy, chemotherapy, immunotherapy, and 
targeted therapy [49]. It is also noteworthy that, even though there is a 
high survival rate for early stages of treated cancer, most survivors report 
that their physical quality of life is lower than that of general healthy popu-
lation [65].

Naturally, as a cancer type, treatment also includes synthetic anticancer 
drugs. However, this kind of pharmaceutical choices have secondary 
adverse effects and off-target activities [49, 66]. Thus, there is an opportu-
nity area for the nutraceutical industry. Reports by Kuppusamy et al. [66] 
indicate that several nutraceutical products such as dietary supplements, 
plant secondary metabolites, medicinal herbs and even microorganisms 
can contribute to health improvement in the colorectal disease. Likewise, 
bioactive compounds with nutraceutical value such as curcumin, grape seed 
extract, and rhizochalin, to name a few, were reported to effectively control 
progression of colorectal cancer [67–69]; while oleuropein is reported to 
be a good nutraceutical for prevention of the same pathology [70].

6.5.4  GASTRIC CANCER

This type of cancer produces the death of 774 thousand persons annu-
ally, making it the fourth cause of death worldwide according to WHO 
[48]. Approximately, 90% of gastric cancers are adenocarcinomas while 
the rest are other types of cancer that arise from the stomach and muscles 
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surrounding the mucosa of the same organ [71]. The risk factors of this 
cancer include environmental and genetic factors making it a sporadic 
disease that can be initiated by longstanding diseases such as gastritis, 
which is caused by Helicobacter pylori infection. Nevertheless, lifestyle 
habits like smoking and some dietary influences such as intake of salty and 
smoked foods, and low consumption of fruits and vegetables may take a 
part in the gastric cancer development.

Regarding nutraceutical products role, studies have shown that some 
dietary factors involving intake of antioxidants and vitamins may be 
effective to prevent gastric cancer. Qiao et al. [72] indicate that sele-
nium, vitamin E, and β-carotene consumption played a significance role 
decreasing mortality of gastric cancer patients. In the same way, Serafini et 
al. [73] showed that a high intake of antioxidant compounds obtained from 
different plants is clearly associated with a reduction of gastric cancer.

More recently, Ullah et al. [74] reported that nutraceuticals such as 
resveratrol, lycopene, curcumin, genistein, γ-aminobutyric acid (GABA), 
and epigallocatechin-3-gallate (EGCG) interfere with progression of 
carcinogenesis in gastrointestinal cancers by different action mechanisms.

6.5.5  BREAST CANCER

This type of pathology is the most frequently diagnosed cancer accounting 
for the 25% of all cancer cases. According to WHO [48], is the fifth cause 
of death worldwide with an estimate of 571 thousand people dead by the 
end of 2015 causing 15% of all cancer deaths among females.

Respectively, treatment for breast cancer usually involves surgical 
interventions: breast-conserving surgery (BCS) or mastectomy. Of all 
cases, 59% of females that have early stages of breast cancer experience 
a BCS, 36% have a mastectomy, 4% is treated with radiotherapy and/
or chemotherapy, while the remaining 1%, does not receive any kind of 
treatment [75]. On the other hand, patients with late stages of the disease 
receive chemotherapy with or without surgical interventions.

Despite the relative high survival rate of early stages of breast cancer 
that involves radiation therapy and surgical intervention, this practice 
develops long-term side effects including numbness and chronic pain [76, 
77]. In addition, patients who receive chemotherapy can develop infertility 
or premature menopause. Other adverse side effects generated by breast 
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cancer treatment include osteoporosis, myalgia, arthralgia, and chronic 
fatigue, to name a few [78, 79].

In this way, development of new products that reduce toxicity and collat-
eral side effects of conventional treatments for breast cancer is imperative. 
Novel studies indicate that using bioactive natural compound thymoqui-
none, which is isolated from Nigella sativa, as a nutraceutical product, 
achieves anticancer activity against a breast cancer cell line in vitro [80]. 
On the other hand, reports by Mock et al. [81] show that curcumin and 
curcumin analogs have antiproliferative, apoptotic, and anti-tumor activity 
against breast cancer cells, and that, in fact, mixing them with other thera-
peutic anticancer agents creates a synergistic effect against this disease. 
Lastly, other studies report that a broad range of nutraceuticals obtained 
from different plants and foods like garlic and soybean possess activity 
against breast cancer [82].

Alternatively, bioactive compounds in nutraceuticals as adjuvants or 
treatments per se, can improve health in pathologies that affect neuro-
logical systems such as Alzheimer’s disease (AD) and Parkinson’s disease 
(PD).

6.5.6  ALZHEIMER’S DISEASE

It is a degenerative and progressive brain pathology produced because 
neurons in some parts of the brain are no longer functional. The AD is the 
most common cause of dementia and is characterized by a deterioration in 
memory, language, and other cognitive abilities that affects developing of 
ordinary day-to-day activities and that, eventually, can affect basic body 
functions such as walk or swallow. Thus, the AD is ultimately known as a 
fatal disease [83].

The AD is a multifactorial pathology, however, most experts in the 
field agree that, besides some genetic specific mutations, influences like 
age, body weight, type 2 diabetes, metabolic syndrome, smoking, among 
others, may play a role in the AD development [84].

According to the reports by the Alzheimer’s Association [83], there are 
six pharmacological treatments approved to temporally improve AD symp-
toms by increasing the number of neurotransmitters in the brain. However, 
this pharmaceutical scheme does not slow nor stop AD progression. It is 
noteworthy that the development of new pharmacological treatments is 
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extremely difficult because of high production costs and the long time 
required to be approved by health organisms accordingly to the country in 
which is developed. Also, there is a non-pharmacological treatment that 
includes exercise, music listening, and reminiscence therapy, to name a 
few, but this kind of therapy is focused on cognitive function maintenance.

6.5.7  PARKINSON’S DISEASE

This is the second most common neurodegenerative disease and is caused 
by degeneration of neurons in the brain with yet unknown causes; this 
chronic and progressive pathology is characterized by resting tremor, 
rigidity, slow movements, postural, and autonomic instability [85]. 
Although PD is an incurable illness, some pharmacological treatments 
such as levodopa, dopamine agonists, β-blockers, among others, may 
improve life quality for many years [86].

For both outstanding neurodegenerative diseases, much research has 
been done to develop new complementary and alternative treatments 
and, even though there is some skepticism in the capacity of nutraceu-
tical compounds to help homeostasis, other reports indicate that there is a 
remarkable response, especially in disease prevention. In this sense, nutra-
ceutical products may be an important key in search of early therapeutic 
and preventive approaches. In the nutraceutical field, reports using crocin, 
lycopene, carnosic acid, rosmarinic acid, and resveratrol have shown posi-
tive results for AD [87–90], while anethole, thymoquinone, carnosol, and 
kaempferol [91–94], to name a few, are nutraceuticals beneficial to reduce 
PD risk.

6.6  ACTION MECHANISM OF NUTRACEUTICALS FOR HEALTH 
BENEFITS

Nowadays, much attention has been paid to the relationship between nutri-
tion and health so, many natural products have been developed to achieve 
a healthy diet. In this context, marketing of nutraceutical products has 
proven to be an excellent strategy because of the natural origin of its bioac-
tive constituents and ability to cure and prevent disease. However, most 
nutraceuticals producers do not pay attention to the action mechanism of 
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bioactive compounds; therefore, it is unknown how they achieve their 
biological activity, physiological balance in the body, and consequently, 
homeostasis. Some of the reported action mechanisms for nutraceutical 
products are listed below:

1 � Enzymatic reactions (including activities as substrates, cofactors, 
and inhibitors).

2 � Enhance absorption and/or stability of essential components 
(including nutrients or pharmaceutical molecules).

3 � Enhancers of beneficial bacteria and/or inhibitors of deleterious 
bacteria.

4 � Scavengers of reactive or toxic chemicals.

6.6.1  ENZYMATIC REACTIONS

One of the principal mechanisms that some nutraceutical products have 
is their capacity to act as components of biochemical reactions. Some of 
the bioactive compounds in the formulation of nutraceuticals seem to be 
involved in enzymatic reactions either acting as substrates, cofactors or 
inhibitors.

Enzymes are molecules that catalyze biochemical reactions. The reac-
tion derives from the association of chemically reactive groups within 
active sites of enzyme and substrates (target molecule), which will trigger 
reaction steps required to convert the substrate into a reaction product [95]. 
Some enzymes do not require an additional component to develop their 
activity while others are associated with non-protein molecules known as 
cofactors. Furthermore, conversion of substrate into a reaction product can 
be inhibited by the presence and juxtaposition of inhibitors into enzyme 
active site. The enzymatic activity is generally described in Figure 6.2.

It is worth mentioning that activity (substrate, cofactor or inhibitor) 
strongly depends on enzyme type. However, FitzGerald and Meisel [96] 
stated that casokinins and lactokinins, a group of bioactive peptides, could 
inhibit angiotensin-I-converting enzyme (ACE), which is responsible for 
regulation of peripheral blood pressure. Also, it is reported that luteolin 
flavonoid inhibits metalloproteases involved on articular cartilage degra-
dation and could be used as a nutraceutical for arthritis treatment [97].
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Some of enzymes contained in nutraceuticals are related to dietary 
enzymes that help gastrointestinal system to absorb and digest the food. 
Faisal and Varma [98] mentioned that lot of digestive enzymes such as 
papain, bromelain, pancreatin, and trypsin (which come from different 
sources such as animals, fruits, and plants) are used in nutraceutical 
products in order to beneficiate digestive system. In another way, Menon 
and Lele [99] reported that many bioactive compounds such as enzyme 
inhibitors and proteolytic enzymes (pepsin, calpains, and collagenases) 

FIGURE 6.2  General scheme of the enzymatic reactions where nutraceuticals can act 
either as substrates or inhibitors.



134� Handbook of Research on Food Science and Technology, Volume 3

obtained from fishery sources and seafood wastes are used in nutraceuti-
cals development. Similarly, Díaz-López and García-Carreño [100] stated 
that enzymes from fish and shellfish residues are being used in food prod-
ucts and their consumption is increasing mostly because of their curative 
potential against diseases.

In contrast, there are also reports that indicate that bioactive compounds 
found in nutraceuticals can act in a transcriptional level affecting tran-
scription factors, which lead to expression or depression of enzymes. For 
example, a specific interaction between a flavonoid and transcriptional 
factor NF-E2-related factor 2 (Nrf2) is been reported by Shih et al. [101], 
this mechanism activates transcription of antioxidant enzymes that help 
the system to decrease oxidative stress. However, these kinds of activities 
are hard to report because of lack of investigation of nutraceuticals and its 
bioactive compounds effects at biomolecular level.

6.6.2  ENHANCERS OF ABSORPTION AND/OR STABILITY 
OF ESSENTIAL COMPONENTS

Consumption of nutraceutical products offers concentrated bioactive 
compounds that can improve human health by treating or preventing 
diseases. Yet, nutraceutical ingestion on a daily basis by healthy people 
increases the consumption of some specific nutrients that will aid the 
conventional food regime assuring to meet organism necessities. Reports 
by Nijveldt et al. [102] state that intake of flavonoids as nutraceuticals 
exceed those of vitamin E and β-carotene, this result suggests that the 
impact of the nutraceutical products is increasing day by day. Besides, 
the nutraceutical products can also potentiate the effect of conventional 
pharmaceuticals as reported by Campolongo et al. [103], their study indi-
cates that simultaneous administration of a nutraceutical and a pharma-
ceutical enhances the effect of the lipid normalization levels in patients 
with ischemic heart disease. Similarly, Pan et al. [104] recognize that some 
bioactive compounds can be used sensitizers to enhance the efficiency of 
other pharmaceuticals agents against cancer; however, the action mecha-
nism still has to be elucidated to understand the approaches of this kind of 
bioactive compounds.

One of the main problems of nutraceuticals delivery systems for their 
consumption is the poor absorption they have in the digestive system 
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which limits their bioavailability [104], for that reason, the ingestion of 
bioactive compounds that can be easily absorbed and can be stable in the 
organism remains as a primary objective for nutraceuticals researchers.

According to Davinelli et al. [105] the use of nutraceuticals as part 
of the scheme treatment for Alzheimer’s disease can help to stabilize the 
genetic material (DNA) of the patients avoiding the epigenetic changes 
that cause the cognitive decline and neuronal dysfunction, this by inhib-
iting the process of DNA methylation and histone acetylation. Equally, 
studies have shown that patients with Parkinson’s disease that ingest 
dietary fiber (considered bioactive compounds in nutraceuticals) reported 
to beneficially alter gut microbiota and intestinal permeability increasing 
nutrients absorption [106]. In other studies, it is reported that bioactive 
compounds found in garlic can interact in a cellular level inhibiting the 
dietary absorption of lipids helping the organism in lipid-metabolism 
disease cases [107].

6.6.3  ENHANCERS OF BENEFICIAL BACTERIA AND/OR 
INHIBITORS OF DELETERIOUS BACTERIA

In the present chapter, it is reported that some bioactive compounds are 
prebiotics and probiotics, which can be used as part of formulation in nutra-
ceutical products. Prebiotics are non-digestible and selective fermented 
bioactive compounds often obtained from food sources; these products 
affect gut microbiota stimulating growth or activity of intestinal bacteria 
[108, 109]. To be considered a prebiotic, compound must have some char-
acteristics such as resistance to gastric acidity and enzymes, susceptibility 
to be fermented by gut microbiota and ability to stimulate growth and/or 
activity of beneficial intestinal bacteria [110]. On the other hand, probi-
otics are defined as microorganisms, which once ingested in a certain way 
can exert health benefits beyond the ones obtained from essential nutri-
tion [111]. Some of the characteristics that probiotics must have are non-
pathogenic, nontoxic, resistance to gastric acidity and enzymes, adherence 
to gut epithelial tissues, temporary colonization of intestine, beneficial to 
host, production of antibacterial substances, and ability to inhibit patho-
genic strains [109].

Firstly, prebiotics use in nutraceutical products is intended to work 
directly on intestinal microbiota; reports suggest that prebiotics beneficially 
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nourish non-pathogenic bacterial strains acting as “growth factors,” 
increasing their population to become the predominant genera in the intes-
tine, which leads to improve colonization resistance against pathogenic 
bacterial strains and avoiding gastrointestinal infections and diseases 
[109, 112]. Reports by Laparra and Sanz [110] indicated that polyunsatu-
rated fatty acids (PUFA) have beneficial effects on gut microbiota mainly 
because of their capacity to generate fermentation products that aid micro-
organisms to develop different kind of biological roles. Also, according 
to Akhtar et al. [113], many products extracted from pomegranate such 
as punicalagins, punicalins, gallic acid, and ellagic acid showed biolog-
ical activity, increasing populations of certain non-pathogenic strains of 
bacteria so acting as prebiotics, and simultaneously decreasing population 
of pathogenic strains. The action mechanism for prebiotics is exemplified 
in Figure 6.3.

Probiotics action mechanisms are neither well reported nor under-
stood. However, some specifications and reports are considered based 
on the documented analysis through in vitro and in vivo investigations, 
which allowed results extrapolation. Mainly, the action mechanism for 

FIGURE 6.3  Exemplification of the prebiotic action mechanism. Nutraceutical 
prebiotics act as growth factors or substrates to enhance the gut.
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probiotics is modulation of host microbiota; microbiological interven-
tions through ingestion of probiotics are stabilizing or improving micro-
biota homeostasis by enhancing population of beneficial microorganisms 
and decreasing pathogenic microorganisms. Butel [114] reported three 
different mechanisms for probiotics action. The first mechanism is resis-
tance to colonization, either preventing or limiting occupation of pathogen 
microorganisms. This mechanism can be established for pathogen bacte-
rial inhibition because of the production of antibacterial compounds by 
probiotics, which lead to a decrease of environmental pH making diffi-
cult, the bacterial growth. Also, competition for nutrients can be displayed 
among different bacterial strains; in this case, probiotics can take over the 
pathogens since they are the predominant bacterial genera because of the 
probiotic action. The second mechanism is improving the barrier function 
of gut microbiota, where probiotics act at the cellular level involved in 
signaling pathways, leading to increase of intestine mucus layer, in addi-
tion to proteins production, which improves physiological barrier in the 
gastrointestinal system. Finally, the third mechanism is related to modula-
tion of immune system since 70% of immune cells are located at the gut 
level.

The relationship established between non-digestible substrates known 
as prebiotics and beneficial microorganisms in gut microbiota known as 
probiotics, have led to positively modulate gastrointestinal health. In fact, 
some nutraceutical products and dietary supplements that use these kinds 
of bioactive compounds are reported to be formulated and ingested simul-
taneously to improve biological activity, this symbiotic formulation and 
inherent synergistic activity between prebiotics and probiotics is recog-
nized as synbiotics products [111, 115].

6.6.4  SCAVENGERS OF REACTIVE OR TOXIC CHEMICALS

Some bioactive compounds have capacity to act as scavengers for either 
reactive or toxic molecules; this process can also be known as radical scav-
enging. Many bioactive compounds found in nutraceuticals, especially 
polyphenols, are reported to act as scavengers for noxious compounds in 
human body, known as free radicals. These groups of molecules are small 
chemical species that have an odd number of electrons and can act as 
ions for some reactions, they have a short lifetime and they do not need 
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big quantities of activation energy to occur [116]. Generally, they can 
be oxygen free radicals or nitrogen free radicals, also known as reactive 
oxygen species (ROS) and reactive nitrogen species (RNS), respectively 
[117]; and includes diverse molecules (Table 6.6). The ROS and RNS 
species are normal products from cellular metabolism and both play bene-
ficial and harmful roles [118]. However, it is important to describe that the 
harmful effect of species is called oxidative stress and/or nitrosative stress, 
respectively [117].

TABLE 6.6  Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS)

ROS RNS
Name Symbol Name Symbol

Hydroxyl

Superoxide

Nitric oxide

Thyl

Peroxyl

Lipid peroxyl

Hydrogen peroxide

Singlet oxygen

Hypochloric acid

OH∙

O2 ∙
-

NO∙

RS∙

RO2∙

LOO∙

H2O2
–1O2

HOCl

Nitrous oxide

Peroxynitrite

Peroxynitrous acid

Nitroxyl anion

Nitryl chloride

Dinitrogen trioxide

Nitrous acid

NO∙

ONOO-

ONOOH

NO-

NO2Cl

N2O3

HNO2

Exposure to harmful effects to ROS and/or RNS species has led human 
organism to develop different defense mechanisms, among them, Valko 
et al. [118] reported that preventive and repair mechanisms, physical and 
antioxidant defense, are the main ones; for this work, antioxidant defense 
is the most important since they involve enzymatic and non-enzymatic 
antioxidants such as vitamins (vitamin C and E), carotenoids, flavonoids, 
and other polyphenols.

The principal way, in which bioactive compounds work against these 
free radical groups is by stabilizing molecules, being their target to oxidize 
and, afterwards, converting radical groups in less-reactive radicals [102]. 
Interestingly, Fraga et al. [119] reported that antioxidants like polyphenols 
perform their activity by a chain-breaking reaction of free radicals, this 
because of the phenolic hydroxyl groups that reduce free radicals through 
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electrons donation; besides, polyphenol aromatic structures allow stabi-
lization of free radicals by resonance. The general scheme for bioactive 
compounds reaction (e.g., polyphenols) with free radicals is showed in the 
follow equation:

	 Polyphenol (OH) + R’ → Polyphenol (O’) + RH

where bioactive compounds contain hydroxyl groups (represented with 
OH), react with free radicals (represented as R’), in an electron donation 
leading to their stabilization.

There is a lot of evidence in which bioactive compounds contained 
in nutraceuticals act as antioxidants scavenging reactive or toxic chemi-
cals such as ROS and RNS (Figure 6.4). For example, Prasad et al. [120] 

FIGURE 6.4  Exemplification of the ROS and RNS scavenger action mechanism of 
nutraceuticals.
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mentioned that antioxidant bioactive compounds found in nutraceuticals 
are highly effective against harmful cancer effect of oxidative stress in 
the organism. In a very specific form, flavonoids, which are considered 
as bioactive compounds for nutraceuticals formulation, act as free radical 
scavengers for ROS and RNS forms [102, 121].

6.7  CONCLUSION

This work provided an up-to-date summary of the findings on nutraceutical 
compounds used as treatments or adjuvants for cancer and neurodegenera-
tive diseases. The bioactive compounds encountered in nutraceuticals can 
provide a wide spectrum of biological activities triggered by different kinds 
of action mechanisms which lead to physiological balance preventing or 
treating malignancies, and therefore, contribute to homeostasis mainte-
nance. The variety of nutraceuticals, as well as their action mechanism 
to treat and/or prevent, depends on the disease. In this analysis are shown 
a few action mechanisms that are related to the health benefits provided 
by nutraceuticals. However, it is possible to find others according to the 
compound involved; yet, models described in this review are some of the 
most important and reported.

Health benefits from bioactive compounds encountered in nutraceu-
tical products are extremely diverse and are continuously expanded with 
new insights and scientific improvements, therefore, it is required to keep 
searching models in which these products develop their biologic activity in 
outstanding malignancies such as all kinds of cancer and incurable neuro-
degenerative pathologies like Alzheimer’s and Parkinson’s disease, as part 
of conventional studies and analysis performed in such nutritional supple-
ments in order to fully understand how they work and what improvement 
can they offer.
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CHAPTER 7

ABSTRACT

Tagetes lucida is endemic to Mexico and Central Region of America, 
it is known as Hierbanís and it is a natural source of metabolites that 
could be exploited for the development of functional foods. In Mexico 
and in the world, foods do not only provide nutrients for humans, but 
they also prevent diseases and bring health benefits. This manuscript 
offers information that allows to identify new perspectives for the 
development of functional foods using as natural source T. lucida. In 
this review, health benefits that could be provided from the plants of the 
steraceae family including T. lucida are identified, through the elabora-
tion of food products such as juices or solid foods. These foods could 
have different actions according to the included active isolated prin-
ciples incorporated.
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7.1  INTRODUCTION

At present, the consumption of functional foods is of interest, and as a 
result, many foods include plant extracts with beneficial properties for 
human health [1–3]. A functional food maintains the organoleptic charac-
teristics and improves health conditions due to its nutrients, diminishing 
the risk of some diseases [4].

Since ancient times, it has been known that plants have therapeutic 
properties and in recent years it has been found that they contain a wide 
range of compounds [5]. These scientific advances have allowed the 
development of new food products whose content includes bioactive 
compounds [6, 7].

The tagetes genus includes 56 species [8–9], belongs to the asteraceae 
family and includes species with biological properties. T. erecta [10], T. 
patula [11], T. minuta [12], T. rupestris, T. terniflora [13] and Tagetes 
lucida [8] are some examples. Other species of the astaeraceae family 
show anti-inflammatory and anticancer activities as well [14]. The Tanac-
etum vulgare L. (Asteraceae) essential oil shows effects against Esche-
richia coli and Staphylococcus aureus [15].

T. erecta and T. patula L. show many activities such as antimicrobial, 
antioxidant, antidiabetic, and antilipemic [16, 17]. Additionally, the T. 
patula L. flowers can be used to produce a lutein ester, which is a potential 
food supplement [18]. T. minuta essential oil has an anti-inflammatory 
effect and the ability to eliminate radicals proving to have antioxidant 
activity [12]. Additionally, this plant shows a cytotoxic effect against 
MCF–7 breast tumor cells and antifungal properties [19]. T. rupestris 
shows repellent properties against Ceratitis capitata, so it could be used to 
avoid deterioration of fruits and reduce economic losses [13].

7.2  BOTANICAL APPROACH AND DISTRIBUTION

T. lucida is a Mexican plant known as Hierbanis, pericón, Santa María, 
Mexican tarragon and sweet dragon. T. lucida, is distributed in Mexico 
and Central America [22, 23]. The plant grows in places with a moderate 
climate, it has a pleasant aroma, a total height of 80 centimeters and 
branched stem. Additionally, some of the morphological features of this 
plant are simple leaves with dimensions of 2 to 10 cm of length and 0.5 to 
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2 cm of width. The flowers are yellow-gold or yellow-orange with a diam-
eter of 1–1.5 cm [24–27]. This plant has antibacterial, antifungal, antima-
larial and antidepressant activities [8, 9, 28].

According to the information described previously, T. lucida has benefi-
cial health properties, so it could be a source of functional foods. Addi-
tionally, tagetes plants contain compounds that provide these biological 
activities, being promising for the development of new food products [6, 7].

7.3  COMPOUNDS OF IMPORTANCE FOR FOOD 
DEVELOPMENT

Phytochemicals compounds are produced from plants; therefore, they are 
contained in many foods. They are classified according to their chemical 
structure and biological activity [29–32]. Some authors consider phyto-
chemical compounds as secondary metabolites. Others state that these 
compounds have both beneficial and toxic effects, which is relevant for 
scientific investigation in the evaluation of the biological activity and 
identification of the active compounds [33–36].

The phytochemical compounds extraction can be carried out with 
solvents of different polar nature. However, the most used in the food 
industry is ethanol, since it has low toxicity and is detected at traceslevel 
[37, 38]. Recently, Asteraceae compounds that have biological activity 
have been isolated and it has been found that they have potential for 
functional foods development. Some examples are 3β-carboxylic-4 (23)-
ene, adian-5-en-3α-ol, fernenol, and fern-7-3β-ol, which were isolated 
from Ainsliaea yunnanensis Franch. These compounds showed a cyto-
toxic effect against a cell line and human acute monocytic leukemia 
(THP–1) [39]. Smallanthus sonchifolius contains fructooligosaccharides 
that incorporated to dietary supplements could prevent chronic diseases. 
They are known for favoring the growth of beneficial to health bacteria, 
reducing the pathogenic bacterial population [40]. Another example is the 
steviol glycoside sweetener, flavonoid chlorogenic acids and glycosides 
contained in Stevia rebaudiana leaves. This plant has a great economic 
importance and it is used in the processed foods industry as a sweetener 
additive. Gnaphalium affine contains quercetin as its main component, 
this compound inhibits the oxidation of peanut oil and lard, and it is used 
to prepare functional foods and nutraceuticals [41, 75].
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As described above, Tagetes lucida has compounds with promising 
biological activities, an example of this is dimethylfraxetine, which has 
anxiolytics and sedatives properties [42]. This plant also contains flavo-
noids, steroids, alkaloids, and coumarins. These compounds have health 
benefits; therefore, the plant extracts could be used for the development 
of functional foods [43, 44]. Some phytochemical compounds, properties, 
and functions from Asteraceae family are shown in Table 7.1.

TABLE 7.1  Phytochemical Compounds, Biological Properties, and Asteraceae Function

Active compound Property Function/benefit Reference
Terpene Antioxidant Cancer prevention [45]
Sterol Anti-inflammatory Reduction of inflammation [76, 77]

Phenol Antioxidant, 
antimicrobial

Prevention of 
cardiovascular disease [78, 79]

Flavonoid Antitumor Enzyme inhibition [80, 81]

Coumarine Biological and 
pharmacological Prevents blood clotting [82]

Anthocyanin Antioxidant Prevents cell degeneration [83, 84]

Alkaloids
Hypoglycemic

Antispasmodic and 
antidiarrheal activities

Decrease intestinal motility [85]

Saponin Antiviral and cytotoxic 
activities

Prevents the stomach and 
intestine cancers [86]

7.3.1  FUNCTIONALITY OF PHYTOCHEMICAL 
COMPOUNDS

The active ingredients integrated into the functional food are present in 
a large number of plants, and incorporated to foods of natural origin or 
processed foods could provide a health-promoting effect [45]. There is a 
close relationship between the antioxidant and antibacterial effects shown 
by some species of Tagetes. The antioxidant effect has been detected by 
the 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis–3-ethylbenzo-
thiazoline–6-sulfonic acid (ABTS) and the lipid peroxyl (LP) test. This 
result has been observed on the plants T. minuta and T. lucida [46, 47].

T. lucida has a great nutritional and medicinal value, since it has antimi-
crobial activity against pathogenic enterobacteria such as enteropathogenic 
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Escherichia coli, Salmonella enteritidis, Salmonella typhi, Shigella dysen-
teriae, and Shigella flexneri [48].

In Tagetes lucida, a 7-methoxy-coumarin and 6,7-di-methoxy-coumarin 
shows toxicity in A. salina. This crustacean is used to evaluate preliminary 
food functionality [49, 50]. Other compounds detected in T. lucida are 
quercetagenin, 3,4-dimethyl-ether–7-ObD-glucopyranoside, and two new 
phenolic acids: 3–2-ObD-glucopyranosyl-4-methoxy-phenyl) -propanoic 
acid and methyl ester [47]. On the other hand, a research has detected an 
antidepressant effect on T. lucida through quercentin [51]. There are also 
anxiolytic and sedative effects reported from dimethylfraxtetin isolated 
from this plant [52]. T. lucida contains apigenin and chlorogenic, these 
phenolic acids have health benefits since they are easily absorbed through 
the intestinal tract and functions as an antioxidant [53].

As it has been mentioned, the genus targets contain compounds with 
various beneficial activities, however, many of them have not been 
reported. Tagetes lucida [54] and T. patula contain quercetin, flavonoids, 
carotenoids, and phenolic compounds [16]. The patuletin showed anti-
inflammatory and anti-arthritic properties in a model of arthritic rodents, 
so it is considered as a possible immunosuppressive and antiarthritic treat-
ment [11]. T. erecta contains lutein [55] and carotenoids therefore it could 
be used as a nutritional supplement on humans and animals, since carot-
enoids are part of some birds food [56].

T. lucida contains compounds such as alkaloids, phenolic compounds, 
flavonoids, coumarins, anthocyanins, terpenes, and steroids; some of them are 
found on other Asteraceae species [22, 23, 57]. In addition to this, a compo-
nent of the essential oils of this plant has been identified as methyl-chavicol 
[58], along with this compound bithienyls has been detected as a minor 
component [59]. The essential oil of T. lucida contains Linalool and methyl-
chavicol. T. erecta, T. glandulifera, T. signata, T. tenuifolia and T. temuifolia 
contain p-ocimene, limonene, a-terpinolene, dihydroxyacetone, artemisia 
ketone, thujone, tagetone, camphor, umbellulone, 2-ocimenone, E-octaime-
none, piperitone, metyleugenol, P-caryophyllene, and piperitenone [46, 54].

Additionally, in Tagetes caracasana were identified trans-odenona 
and cis-tagetone, in T. erecta piperitone and terpinolene, in Tagetes fili-
folia trans-anetol and estragol, in T. subulata terpinolene, piperitenone, 
and limonene, while in T. patula were identified terpinolene, piperitenone, 
b-caryophyllene, terpinolene, and cis-b-ocimene [60].



154� Handbook of Research on Food Science and Technology, Volume 3

On the other hand, compounds of promising biological activities 
were detected in asteraceae plants. One of them is the arctigenin that has 
anti-inflammatory and anti-carcinogenic activities [14]. The flavonoids, 
steroids, alkaloids, and coumarins form Asteraceae species provide health 
benefits [43, 44]. In Verbesina encelioides (asteraceae), Pseudotaraxaxolol–
3β-acetate, 16β-hydroxy-pseudotaraxasterol–3β-palmitate, sitosterol 
β-glucoside and β-sitosterol galactoside have been identified with antipro-
tozoal effects [61].

Monogalactosyldiacylglycerol from Cirsium brevicaule A. GRAY 
decreases hepatic lipid accumulation and the expression of the fatty 
acid synthase (FASN) gene in mice, having potential as a food ingre-
dient [62]. The biggest genus of the asteraceae family is Artemisia; in 
the essential oils of some species, there are 1, 8-cineol, beta-pinene, 
tuyona, artemisia ketone, camphor, caryophyllene, camphene, and 
germacrene D. This genus has antimicrobial, insecticides, and antioxi-
dants activities [63].

The essential oil of Tanacetum vulgare L. contains humulene with 
anti-inflammatory activity, pinene, and caryophyllene oxide have antioxi-
dant activity, while camphor, as well as caryophyllene oxide, present an 
antibacterial effect. Also, humulene and caryophyllene oxide were found 
to be moderately cytotoxic against A–549, DLD–1, and WS1 cell lines 
[64]. Calendula stellata contains saponins with effect on Staphylococcus 
auresus and Enterococcus faecalis analogous to conventional antibiotics. 
Furthermore, it has cytotoxic activity against the fibrosarcoma cell lines 
(HT1080) and human lung cancer (A549) [65].

As it has been described, the family asteraceae has an immeasurable 
number of compounds and biological activities that are related to the 
members of this group of plants. These discoveries prove that Tagetes 
lucida could be used as an additive with antibacterial and antioxidant 
properties, to protect food from oxidative damage and food-borne 
pathogens.

7.3.2  DEVELOPMENT OF FUNCTIONAL FOOD

At present, many people are insecure when consuming some food, 
since many of them do not have enough scientific studies to validate a 
good nutritional quality. As a result, there is an urgent need to carry out 
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programs that allow farmers and food systems to be sensitive to nutri-
tion and health care [66]. In recent years, the growing use of nutraceu-
ticals and derived products of plants in developed countries has been 
witnessed [67].

Currently, food supplements made from plant species are used in tradi-
tional medicine. In many cases, the collection, taxonomic identification of 
the species, techniques of extraction, standardization, product homogeni-
zation, pharmacological, and clinical tests, are managed at free will. This 
is because consumers of herbal remedies believe that all herbal products 
are safe and effective, so, they prefer to treat themselves with products that 
lack sanitary regulation [68]. Although many plants have nutritional and 
beneficial effects for health, they must be studied to ensure their effective-
ness and safety.

Accordingly, some companies have developed technologies to produce 
functional foods with scientific validity. One example is the development 
of products from wheat bran, which is an abundant by-product of the 
milling industry, full of bioactive compounds and fat-soluble fibers. Some 
of its bioactive compounds are oryzanol, tocopherols, and carotenoids, 
all of these compounds have an antioxidant effect in the liver. Therefore, 
wheat bran has a high potential as an ingredient in the formulation of 
healthy foods. It is worth mentioning that some of the compounds found 
in this plant are found in Asteraceae species [69].

Other studies have researched the release of hydrogen cyanide from 
cyanogenic glycosides of forage plants (Sorghum spp., Trifolium spp., and 
Lotus spp.), since its consumption represents a serious problem for the 
animals [70].

The development of these researches has brought knowledge on the 
nutritional advantages and the innocuity on new alimentary products. 
For this reason, in recent times, the need to incorporate new chemical 
and nutritional compounds in food has increased. Hence, the isolation 
of phytochemicals compounds offers new opportunities for the develop-
ment of food products [71, 72]. According to existing information, there 
is insufficient data on the development of food products from Asteraceae, 
including T. lucida. This is why it is proposed as a promising species to 
produce harmless functional foods.
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7.3.3  PERSPECTIVES OF TAGETES LUCIDA USE IN THE 
DEVELOPMENT OF FUNCTIONAL FOOD

One of the main properties of T. lucida is its antioxidant activity, which 
is conferred by the chemical composition it contains, providing a great 
potential for the development of functional foods. In addition to its antiox-
idant effect, it has other properties such as antimicrobial, anti-inflamma-
tory, hypoglycemic, and antispasmodic activities [22, 47, 72]. However, 
the compound giving rise to these activities has not been yet defined. 
Therefore, it is important to develop research to find if its effects are due 
to a synergism or antagonism between the compounds. Some compounds 
containing T. lucida as well as some of their properties are shown in Table 
7.2.

TABLE 7.2  Properties and Compounds Present in Tagetes Lucida

Property Active Compounds Reference
Hypoglycemic
Antispasmodic 

Alkaloids [85]

Antioxidant Carotenoids, sterols, and polyphenols [47]
Antifungal Triterpenes, Polyenes [28]
Antibacterial Phenolic compounds, terpenoids [28]

T. lucida has shown a great antimicrobial spectrum on human, plants, 
and animals pathogens. Escherichia coli, Proteus mirabilis, Klebsiella 
pneumoniae and Salmonella sp. are some of the bacteria sensible to this 
plant [28]. Other bacteria sensible to the methanolic extract of this plant 
are Escherichia coli, Salmonella enteritidis, Salmonella typhi, Shigella 
dysenteriae, and Shigella flexneri. On the other hand, it has been demon-
strated that E. coli has a higher resistance than S. typhi, since it shows an 
inhibition of 33.73% [34].

Additionally, it has been determined that Candida albicans and Staph-
ylococcus aureus are sensible to the T. lucida ethanolic extract, since it 
showed great inhibition zones, whereas Diaeretiella rapae shows smaller 
inhibition zones [73]. The methanolic extract of T. lucida showed an 
antioxidant effect (IC 50 = 109%) similar to ascorbic acid by the DPPH 
method [74].
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T. lucida had low toxicity on A. salina (CL50 = 28 – 454.03 μg/mL) 
[49, 50, 74] so it is promising for future new food products. Table 7.3 
shows the extracted compounds, the solvent used for the extraction and the 
vegetal part used of T. lucida.

TABLE 7.3  Solvent and Part of the Plant to be Used for the Extraction of Compounds

Active compound Solvent Vegetable organ Reference
Estragol, monoterpenes N/A Stem, sheet, flower [44]
3,4-dimethyl ether 7-O-β-D-
glucopyranoside and
3-(2-O-β-D glucopyranos y 
l–4-methoxyphenyl)

Methanol Sheet [47]

7-methoxycoumarin and 
6,7dimethoxycoumarin

Hexane Sheet, Flower, Stem [28]

Thiophene Methanol Root [73]
Flavonoids, alkaloids and 
Anthocyanins

Methanol Stem, sheet, flower [74]

According to the reviewed information, T. lucida and some of its 
compounds could be used for the development of functional foods. The 
different phytochemical compounds give rise to different biological activ-
ities and provide functionality when incorporated in a food. There is a 
relationship between the compounds contained in medicinal plants and T. 
lucida, for it has antioxidant properties and therefore plays an important 
role in cancer prevention.

This review permits to identify the extracts of T. lucida that have an 
antimicrobial effect and could, therefore, be used to preserve food. It 
should be mentioned that although some compounds of the genus Tagetes 
are harmful for health and the values of toxicity are low. In this review, 
it was identified that many of the health benefits can be provided from 
developed plant foods including the asteracea family, including T. lucida 
and these could be directed to the production of foodstuffs such as juices 
or solid foods. Some of these properties may be anti-inflammatory, antihy-
perglycemic, antifungal, and antitumor. These data suggest that T. lucida 
has the potential to formulate functional foods such as infusions, addi-
tives, traditional remedy, sauces, and powder to prepare beverages. For 
this reason, the Asteraceae family offers many favorable prospects for 
food development.
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Although this family has several health benefits, there are still several 
challenges to overcome, since it contains compounds that show unfavor-
able effects. For this reason, purification of compounds with biological 
activity should be done, in order to eliminate harmful compounds. Another 
challenge in the development of functional herbal foods is the variability 
of the components; since the quantity and quality of the compounds is 
affected by the geographic region as well as the season of the year in 
which the plant is collected.
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CHAPTER 8

ABSTRACT

Diabetes Mellitus stands for a group of multiple metabolic disorders in 
which the insulin secretion is insufficient. The effectiveness and safety of 
the medication are still challenges, inasmuch as the commonly used drugs 
cause known side effects. Some phytochemicals behave as active prin-
ciples that promote a hypoglycemic action. This study presents research 
data regarding the phytochemical properties of Petroselinum crispum and 
its potential use in nutraceutical products such as supplements, drinks or 
enriched foods.

8.1  INTRODUCTION

Diabetes mellitus is a chronic metabolic disease in which there is an 
increase in the blood glucose level due to the deficiency in insulin secre-
tion of the body [1]. This disease can trigger secondary disorders such as 
neuropathies, retinopathies, renal failure and skin complications [2]. Addi-
tionally, it is known that 25% of the world population is affected by this 
disease [3], which means that more than 347 million people suffer from it 
[4]. The global healthcare expenditures have been estimated to be of US$ 
376 billion worldwide in 2010 and US$490 billion by the year 2030 [5]

ANTIDIABETIC PROPERTIES OF 
PETROSELINUM CRISPUM
MÓNICA NAYELI VALENCIA LÓPEZ,  
CRYSTEL ALEYVICK SIERRA RIVERA, and  
SONIA YESENIA SILVA BELMARES

Food Research Department, Faculty of Chemistry,  
Autonomous University of Coahuila, Blvd. Venustiano Carranza, 
Colony Republic, Zip code 25280, Saltillo, Coahuila, Mexico,  
E-mail: yesenia_silva@uadec.edu.mx

mailto:yesenia_silva@uadec.edu.mx


166� Handbook of Research on Food Science and Technology, Volume 3

The traditional pharmacologic treatments usually consist of hypo-
glycemic agents and insulin, these therapies, however, cause severe side 
effects when used chronically [2]. This is why alternative or complemen-
tary treatments are being studied.

For many centuries, people have used plants as empirical treatments. 
Almost 800 plants are currently used as folk remedies to control diabetes 
mellitus such as Petroselinum crispum [6]. The present review compiles 
information on the properties of Petroselinum crispum as a preventive and 
corrective treatment for this disease.

8.2  TYPE 2 DIABETES MELLITUS AND THE ROLE OF 
ANTIOXIDANTS

Type 2 diabetes is formed by a group of metabolic disorders identified by 
three characteristics: an increased liver glucose production, insulin resis-
tance and insufficient insulin secretion [7]. The first stage of the illness is an 
insulin resistance that is compensated by an excessive secretion of insulin by 
the β-cells. The second stage is the insufficient insulin production by a defi-
cient pancreatic functional reserve which leads to stage three, an increment 
of blood glucose concentration due to an irreversible β-cells damage [8].

Once the patient gets to stage three, the illness is irreversible. Never-
theless, by protecting the cells or reducing insulin resistance we could 
reduce the risk of the disease up to 36% [9]. In diabetes, the excess glucose 
increases the formation of reactive oxygen species, causing cellular 
damage and eventually destruction of pancreatic β-cells. Antioxidants 
have shown the capacity to prevent this destruction [10], and also the 
capacity to inhibit the enzymes α-amylase and α-glucosidase, modulating 
postprandial glycaemia and controlling starch metabolism [11]. When the 
enzymes α-glucosidase and α-amylase are blocked, the processes of diges-
tion and absorption of glucose are obstructed [12].

8.3  α-AMYLASE AND α-GLUCOSIDASE INHIBITORY POTENTIAL

An efficient way to balance the glycemic levels is through the regulation or 
inhibition of carbohydrate-hydrolyzing enzymes [13] α-amylase is one of 
the most important enzymes secreted by the pancreas and salivary glands 
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[14]. The digestion of carbohydrates begins in the mouth by its breakage 
into smaller oligomers by the salivary α-amylase. Subsequently, the oligo-
mers are hydrolyzed by the pancreatic α-amylase and released into the 
intestinal lumen, [15] decreasing post-prandial hyperglycemia [16].

α-glucosidases are glycosylphosphatidyl anchored enzymes positioned 
on the surface of the intestinal cells [17]. Their function is to catalyze the 
last step of the digestion of carbohydrates [18] and as a result, they also 
reduce post-prandial hyperglycemia.

Given the importance that these therapeutic mechanisms represent, 
there are drugs who inhibit these enzymes, such as acarbose, miglitol, 
and voglibose [19] classified as third category oral hypoglycemic agents. 
However, the standard dosage usually inhibits an excessive amount of 
pancreatic enzyme, leading to abnormal bacterial fermentation in colon 
[11] causing serious gastrointestinal side effects [12].

8.4  ANTIDIABETIC PHYTOCHEMICALS

The identification of α-glucosidase and α-amylase inhibitors isolated from 
plants could lead to the development of new treatment options without 
digestive side effects [20]. Many studies have demonstrated that because 
of their larger molecular weight, phytochemicals easily blind to enzymes 
and inhibit their activity with tremendous potency [21]. The main groups of 
compounds that demonstrate hypoglycemic activity are described below.

8.4.1  TERPENES

Terpenes are the primary component of vegetal essential oils. Isoprene 
units form the skeleton of the more of 30,000 different terpenes known at 
present (isoprene rule) [22]. Many researches have shown the qualities of 
this compound group in the battle against diabetes through the inhibition 
of the enzyme α-amylase [23].

8.4.2  FLAVONOIDS

Flavonoids are part of the polyphenolic family. They have a 15-carbon 
skeleton with two phenyl rings and a heterocyclic ring, being responsible 
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for the pigments present in most flowers and leaves [24]. Many studies 
have reported numerous benefits on human health when consumed regu-
larly [25]. In a study done on diabetic rats, isorhamnetin decreased notably 
serum glucose and sorbitol concentrations [26]. Additionally, kaempferol 
enhanced the expression of the proteins AKT and Bcl-2, the signaling of 
cAMP and improved the synthesis of insulin [27]. It also stimulated the 
synthesis of new glucose transporters [28] and reduced serum HbA1c 
levels enhancing insulin resistance [29]. The mechanism of action of the 
flavonoids includes antioxidant reactions, gut transport alterations, central 
nervous system changes and increased insulin sensitivity [30]. They are 
also involved in the reduction of cholesterol and fat reducing coronary 
heart disease, linked to metabolic syndrome [31].

8.4.3  COUMARINS

Coumarins are aromatic benzopyrene chemical compounds known by 
their anticoagulant and anti-edema properties [32]. In diabetic rats, they 
have shown a decrease of plasma glucose, HbA1c and an increase of 
insulin, exposing protective effects on glycoproteins component [33]. 
Coumarins improve pancreatic function stimulating insulin through anti-
inflammatory, anti-oxidative, and anti-apoptotic activity [34]. It decreases 
gluconeogenesis through the increment of hexokinase activity and 
glucose–6-phosphate dehydrogenase. Coumarins also increase glucose 
decomposition and reduce the enzymes glucose 6-phosphatase and fruc-
tose–1, 6-biss phosphatase [35].

8.5  HYPOGLYCEMIC PLANTS FROM THE UMBELLIFERAE 
FAMILY

The Umbelliferae family has more than 3700 species, including famous 
and economically important herbs such as Coriandrum sativum, Angelica 
gigas, Angelica sinesis, Angelica acutiloba, Centella asiatica, among 
others. Many of these plants have shown antidiabetic properties, such 
as Angelica acutiloba, cultivated mainly in Asia. It improves insulin 
sensitivity ameliorating the disturbance in hepatic glucose [14]. Ligus-
ticum porter, a Mexican plant, has revealed an α-glucosidase inhibition, 
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diminishing glucose absorption and also stimulating insulin secretion in 
high doses [36]. In recent studies, Cnidium monnieri (used in folk Chinese 
medicine) improved insulin resistance in a high-fat and high-sucrose diet 
through the increment of adiponectin release by the PPARα/γ pathway 
[37]. Cuminum cyminum controls oxidative stress and inhibits advanced 
glycated end products, controlling diabetes significantly [38]. Angelica 
hirsutiflora is capable of elevating insulin secretion, acting as a secre-
tagogue regulating prandial glucose in non-insuline-dependent patients 
[39]. Arracacia tolucensis, a plant from the north of Mexico, decreases 
blood levels significantly through the action of pyranocoumarin control-
ling body weight and decreasing aspartate aminotransferase and alanine 
aminotransferase, inhibiting cytokines expression [40]. Rutin in Eryn-
gium bornmuelleri modulates the metabolism of sugars and fats inhib-
iting relevant digestive enzymes [41]. Ducrosia anethifolia Boiss. is 
used as a flavoring additive in Europe and the Middle East, this plant 
inhibits the enzymes α-amylase, α-glucosidase and α-galactosidase, 
ameliorating the antioxidant markers and the glucolytic and gluco-
neogenic enzymes. All these effects improve kidney metabolism and 
reduces blood glucose concentrations [42]. Centella asiatica is used as 
a traditional remedy in Africa and India. Chronic consumption of this 
plant reduces serum LDL and cholesterol, obstructing the absorption of 
intestinal saccharidase enzymes and glucose-fiber binding [10]. Cumin 
cyminum L. helps to preserve the integrity of β-cells of the pancreatic 
islets through the action of prenylflavonoids, due to the homeostasis 
on glucose and lipid concentrations that it creates, having the same 
effect of Orlistat on weight loss and insulin metabolism [43]. Angelica 
sinensis, a famous Chinese plant, possesses a variety of pharmacolog-
ical properties in diabetes mellitus. It decreases body weight in predia-
betic and diabetic individuals, increasing hepatic and muscle glycogen 
and improving insulin resistance [44]. Angelica decursiva is a plant 
widely distributed in China, Japan, and Korea. The extracts of this plant 
have been associated to the inhibition of α-glucosidase, PTP1B, and 
ONOO-mediated tyrosine nitration. Postprandial hyperglycemia gener-
ates nitrotyrosine making it a diabetes risk factor. Therefore, this plant 
is a promising treatment for diabetes and metabolic syndromes [45]. 
On the other hand, kidney, and liver are in danger of suffering patho-
logical changes in diabetes, Aegopodium podagraria L. has nephropro-
tective and hepatoprotective actions, being a potential supplement to 
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regular hypoglycemic treatments [46]. Angelica gigas is a biennial plant 
commonly found in Japan, China, and Korea. It has the potential to 
improve insulin sensibility through the activation of the AMPK pathway 
[47]. Heracleum dissectum L. is a plant with a high content of couma-
rins that has the capacity to improve insulin resistance and increase 
glucose uptake used by peripheral tissues [48]. Sphallerocarpus gracilis 
protects pancreatic β-cells from free radical damage, reducing apoptosis 
of pancreatic β-cells and stimulating insulin secretion [49]. Coriandrum 
sativum L. normalizes glycemic levels, decreases elevated levels of 
insulin, IR, TC, LDL-cholesterol, and TG [50].

8.6  HYPOGLYCEMIC PROPERTIES OF PETROSELINUM 
CRISPUM

Petroselinum crispum from the Umbelliferae family, is native to the Medi-
terranean because of its growth needs [6]. Table 8.1 is presented with 
the taxonomy of the plant and Table 8.2 with the cultivation conditions. 
The Mediterranean population believed it protected food from external 
contamination [51]. On the other hand, Romans alleged that the strength 
of the gladiators increased by the consumption of the plant on a regular 
basis [52]. Additionally, Iranian medicine claimed it to be antimicrobial, 
antiseptic, diuretic, and hypoglycemic [6].

Petroselinum crispum contains a rich presence of flavonoids, carot-
enoids, coumarins, and other compounds. Table 8.3 shows its main phyto-
chemical compounds [53].

8.6.1  IN VIVO MODELS

In order to prevent toxicity and to understand the hypoglycemic mecha-
nisms of the plant, in vivo models have been used to mimic the struc-
tural and functional characteristics of humans [63]. So far, the only in vivo 
models reported are on Swiss Albino rats. The researches were carried out 
using diabetic animals induced by streptozotosin as described in Table 8.4.

The studies used 6-months-old male Swiss Albino rats, administrating 
a daily dose of 2g/kg of an aqueous extract of leaves for 28–45 days. All 
studies showed hypoglycemic activity. Some of the most outstanding 
results were the decrease of the aorta lipid peroxidation, an increment in 
SOD activity and a decrease on the liver LPO levels [64].
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TABLE 8.1  Taxonomy of Petroselinum Crispum

Category Description 
Kingdom Plantae
Subkingdom Viridiplantae
Infrakingdom Streptophyta
Superdivision Embryophyta
Division Tracheophyta
Subdivision Spermatophytina
Class Magnoliopsida
Superorder Asteranae
Order Apiales
Family Umbelliferae
Genus Petroselinum 
Species Crispum [54]

TABLE 8.2  Cultivation Conditions of Petroselinum Crispum

Environment Conditions 
Soil

Sun exposure 

Moist, well drained and loamy

Full-sun and part-sun environments
Temperature It grows best between 20–32°C [55]
Water Drought-tolerant
Spacing 25 cm apart [56]

TABLE 8.3  Main Phytochemical Compounds Identified in Petroselinum Crispum

Compound group Chemical Category Chemical Compound
Terpenes Carotenoids β-Carotene

Luiteine
Sesquiterpene [57] Violaxanthin

Neoxanthin [53]
Crispane
Crispanone 

Flavonoids [58, 59] Flavone Luteolin 
Flavonol Apigenin

Isorhamnetin [60]
Kaempferol [61]

Coumarins Furanocoumarins O-Methylated 8-Methoxypsoralen
Furanocoumarins Aglycones
Meroterpene furanocoumarin ether [62]

5-Methoxypsoralen
Imperatorin
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TABLE 8.4  Properties of Petroselinum Crispum: In Vivo Models

Type of rats Doses Extract Methodology Results
6-month-old male 
Swiss Albino 
rats weighing 
150–200g

2 g/kg daily 
for 28 days

Leaves
Aqueous 
extract 

LPO levels in liver homogenates 
were estimated by Led-wozyw’s 
method

The liver LPO levels 
decreased when compared
to the untreated diabetic 
rats [53]

6-month-old male 
Swiss Albino rats

2 g/kg daily 
for 28 days

Leaves
Aqueous 
extract 

Obtainment of pancreatic tissue 
samples after an 8-hour fast.

No difference found 
between the amount of 
insulin in B cells in extract 
treated and untreated 
diabetic rats [64]

6-month-old male 
Swiss Albino 
rats weighing 
150–200 g

2 g/kg daily 
for 28 days 

Leaves
Aqueous 
extract

The aorta and heart were taken 
from each killed rat.
As an index of lipid
peroxidation in aorta and 
heart tissue homogenates the 
malondialdehyde (MDA)
contents were determined by the 
spectrophotometric method

The aorta lipid 
peroxidation was
found to be decreased 
significantly compared to 
the diabetic animals [65]

6-month-old male 
Swiss Albino 
rats weighing 
150–200 g

2 g/kg daily 
for 28 days

Leaves
Aqueous 
extract

Removal of the dermis of the 
killed animals and
Skin total protein levels were 
measured by the method of 
Lowry

No difference was found 
[66]

Albino rats 
weighing 
160–130 g

2 g/kg daily 
for 45 days

Leaves
Aqueous 
extract

Blood samples were taken to 
determine the SOD through the 
hemolysis of red blood cells. 
Removal of the pancreas of the 
killed animals 

Increment in SOD 
activity on diabetic rats, 
a significant decrease 
in percentage area of 
caspase-3 expression in 
pancreatic tissues [67]

6-month-old male 
Swiss Albino rats 

2 g/kg daily 
for 28 days

Leaves
Aqueous 
extract

Removal of ocular lenses of the 
killed animals, determination of 
total protein, protein glycation 
and glutathione levels of the 
lens homogenates 

No significant decrease 
found [68]

8.6.2  IN VITRO MODELS

The in vitro techniques are procedures taken place in controlled environ-
ments outside of a living organism [69]. Some of the in vitro studies of 
P. crispum include the evaluation of bone oxidative stress and the anti-
oxidant enzymes. The plant extracts induced a significant increase of 
the glutathione-S-transferase and glutathione peroxidase activities [70]. 
On the other hand, in gastric samples treated with the plant showed that 
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the histopathologic damage in mucus layer was drastically reduced [71]. 
Another model employed to evaluate the properties of P. crispum is protein 
spectrophotometric determination by bicinchoninic acid technique. This 
test is used to evaluate the anti-hyperuricemia effect. The plant proved to be 
capable of reducing uric acid levels [72]. Additionally, it has been proved 
P. crispum has compounds that have relaxing properties to smooth ileum 
muscle [73].

8.6.3  QUALITATIVE AND QUANTITATIVE 
PHYTOCHEMICAL CHARACTERIZATION

Qualitative trials identify the presence of specific metabolites and are 
used as preliminary tests. Quantitative assays, on the other hand, are used 
to evaluate specific content. An example is the determination of total 
phenolic content. This experiment was performed using the Folin-Ciocal-
teau reagent. The results for the absorbance of P. crispum measured at a 
wavelength of 725 nm [74].

Another quantitative test is the determination of the ferric reducing 
activity, in which the absorbance of the treated sample is measured at a 
wavelength of 595 nm. This examination was used to evaluate the iron-
reducing activity of P. crispum extracts. The results revealed that the plant 
provides antioxidant protection [75].

One more quantitative assay is the determination of antioxidant capacity 
using glutathione. This analysis measured the antioxidant capacity of P. 
crispum extract. The results showed that the percentage of oxidized gluta-
thione decreased significantly [76].

8.6.4  NUTRACEUTICAL APPLICATIONS

The plants of the Umbelliferae family have innumerable biological 
properties that can be incorporated in the development of nutraceutical 
or nutritional supplements given its health benefits. An example is the 
development of new products such as supplemented pasta, a food widely 
consumed by the world population. In this research, part of the wheat flour 
was replaced with powdered leaves of the plant. The fortification of the 
pasta increased the phenolic levels and thus the antioxidant activity [77]. 
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Also, the incorporation of the same plant to cookies slowed down the 
process of lipid oxidation and increased the antioxidant capacity of the 
product [78]. Other members of the Umbelliferae family are also used as 
everyday nutritional supplements like beverages and various formulations 
of spices. These plants are hypocaloric, rich in oils and other secondary 
metabolites [79].

8.7  CONCLUDING REMARKS AND FUTURE PERSPECTIVE

For many centuries, the Umbelliferae family plants have been used in folk 
medicine for the management of many illnesses such as hypoglycemia. 
Diabetes mellitus is a metabolic chronic disease in which there is an 
increment of glucose due to the deficiency in insulin secretion triggering 
secondary pathologies in the long run through the increment of levels of 
reactive oxygen species produced by the excess glucose. Petroselinum 
crispum has a rich content of terpenes, flavonoids, and coumarines and 
has proved to have hypoglycemic properties that could lead to the preven-
tion or improvement of the disease. The action mechanisms are still not 
completely identified but it is believed that it has the capacity to inhibit the 
carbohydrate hydrolyzing enzymes α-amylase and α-glucosidase. Other 
assays showed its capacity to decrease aorta lipid peroxidation, incre-
ment SOD activity and decrease liver LPO levels. There are some nutra-
ceutical applications through supplementation of pasta and cookies that 
showed increased postprandial phenolic levels and antioxidant activity. 
This review demonstrates the importance of secondary metabolites from 
the Umbelliferae family, in particular Petroselinum crispum, inasmuch as 
it has the potential to work as a complementary treatment for diabetes 
mellitus and other metabolic illnesses. The little information available on 
the subject proves that it is an excellent source for nutraceutical products 
such as supplements, drinks or enriched food to be exploited in the future.
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CHAPTER 9

ABSTRACT

The nutraceutical compounds use in the food industry is diverse; some are 
part of functional foods while others prolong foods shelf life. In Mexico, 
many medicinal plants are used to flavor and prolong the shelf life of foods, 
some of which are used to treat infectious diseases caused by contami-
nated foods, making them of great importance to the society. One of the 
main uses of the plants used in the country is related to treatment and 
prevention of infectious diseases, therefore the most could be used for the 
development of functional foods since have nutraceutical properties. This 
review is focused in the antibacterial component presents in those plants 
used in Mexico for their medicinal properties, and for food elaboration. 
Coumarins, terpenes, flavonoids, and alkaloids have been identified as 
compounds with antibacterial effect in medicinal Mexican plants. On the 
other hand, extracts of Mexican plants exhibit greater efficacy on gram-
negative than gram-positive bacteria. For this reason, they could be used 
to develop new nutraceuticals by its addition during formulation foods.
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9.1  INTRODUCTION

The major function of the foods is providing the nutrients necessary to 
maintain the health of the human body. Diets abundant in fruits and vege-
tables reduce the risk of infectious diseases and prevent diseases related 
to aging [1–5]. Nowadays, the selection of food is focused on nutritional 
as well as functional aspect. These foods are classified into functional, 
medical, supplements, and nutraceuticals [6]. In 1989, Stephen DeFelice 
defined the nutraceutical term as a food or compound that has benefits for 
the human organism, including to phytochemicals with biological activity 
[3, 7]. Currently, misuse of antibiotics it has caused the apparition of bacte-
rial strains resistant to classical antibiotics, so there is a growing problem 
in the control of infections [8, 9]. In Mexico, clinical infectious occurs by 
ingestion of contaminated food with pathogenic microorganisms [10]. For 
this reason, some plants with antimicrobial activity are added to meals 
in order to conserve its useful life and improve the flavor. Additionally, 
the Mexican population uses medical plants to treat infectious diseases. 
Mexico possesses an extraordinary flora that includes 22,000–31,000 
species and 17% are medical plants [11]. For these reasons, in Mexico and 
the world, there is an increase in the research focused in found new anti-
microbial compounds from the plant [12, 13]. These investigations have a 
social, economic, and cultural impact based on that strengthen the devel-
opment of indigenous communities through the cultivation, distribution, 
and sale of medicinal plants [14, 15]. The antimicrobial effect of plants has 
a great potential for foods nutraceutical development to prevent infections 
by contaminated meals.

9.2  MEXICAN PLANTS AS ANTIBACTERIAL AGENTS

In Mexico, there exists a great variety of plants that have a different use, 
many of them share the antimicrobial effect, so in the next section, we 
described those that are used for this purpose.

9.2.1  MENTHA SPICATA

Mentha spicata is known as peppermint or mint and is one of the most used 
medicinal plants in the world. Among the uses of this plant is the produc-
tion of beverages such as tea, the production of perfumes, confectionery, 
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and pharmaceuticals. The limonene is a major compound from the essen-
tial oil of this plant and shows an effect against gram-positive bacteria 
[16]; also, this plant synthesizes the carvone [17]. Additionally, limonene 
can interact with other compounds through a synergism to potentiate the 
antimicrobial effect [18].

In a study carried out with M. spicata, it has been observed that the 
essential oil of cultures in combination with potassium increases the inhi-
bition of gram-positive and gram-negative bacteria [17].

9.2.2  LARREA TRIDENTATA

This plant is a shrub that in Mexico is known as “gobernadora” and belongs 
to the family Zygophyllaceae, is endemic from the northern of Mexico 
and is used for its medicinal properties. This plant is used in alternative 
treatments of degenerative, menstrual, and infectious diseases. Leaves and 
stems of this plant contain phenolic compounds such as flavonoids, as well 
as lignans and triterpenes [19, 20].

Recently, was reported that the extracts (0–300 μg) of L. tridentata 
reduces the bacterial replication of S. aureus [21]. In another work, three 
lignans and four flavonoids of L. tridentata were isolated and tested 
against 16 strains, some of them multidrug - resistant. The tests revealed 
that Staphylococcus aureus and Mycobacterium tuberculosis, Entero-
bacter cloacae and M. tuberculosis, S. aureus, Enterococcus faecalis, 
Escherichia coli, E. cloacae, and M. tuberculosis, and S. aureus and E. 
faecalis were susceptible to dihydroguaiarétic acid, 4-epi-larreatricina, 
3’-Demethoxy–6-O-demethylisoguaiacin, and 5,4’-dihydroxy–3,7,8,3’-
tetramethoxyflavone, respectively [22].

The effect of Nordihydroguaiaretic acid on strains of S. aureus was 
confirmed in methicillin-sensitive S. aureus (MSSA) and methicillin-
resistant S. aureus (MRSA) strains. Additionally, this compound shows 
an antioxidant effect that destabilizes the microbial membranes so it could 
use for the development of nutraceuticals [23].
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9.2.3  ACHILLEA MILLEFOLIUM

Achillea millefolium is an aromatic plant known as “milenrrama” and 
belongs to the family Astaraceae. This plant is used in traditional Mexican 
medicine because has inflammatory, antimicrobial, and antiviral proper-
ties. Some compounds identified in this plant are flavonoids, coumarins, 
alkaloids, lactones, and tannins [24].

In recent studies, essential oils from leaves of A. millefolium inhibited 
the growth of Bacillus cereus, Enterococcus faecalis, S. aureus, Esch-
erichia coli, Pseudonomas aeruginosa, Proteus mirabilis, Salmonella 
typhimurium and Citrobacter freundii with higher potency than the refer-
ence antibiotics [25]. Also, has been observed that the essential oil has 
antifungal effects [26]. Additionally, in the tincture of A. millefolium were 
detected two antibacterial fractions by the bioautography method. These 
fractions reduced the growth of S. aureus (ATCC 29213), S. aureus (meth-
icillin-resistant), Streptococcus epidermidis and E. coli [27].

In other studies, the antibacterial effect of the hydro-alcoholic extracts 
of A. millefolium on Streptococcus mutans, Lactobacillus rhamnosus, and 
Actinomyces viscosus was observed [28].

9.2.4  LIPPIA GRAVEOLENS

Lippia graveolens is known as “Mexican oregano,” an aromatic plant 
which is used to provide flavor and aroma to food. The essential oils of 
this plant are used in the pharmaceutical industry by its nutraceutical prop-
erties, due to its antioxidant and antibacterial effects [29–31]. This plant is 
used in traditional Mexican medicine to treat gastrointestinal and respira-
tory infections.

The L. graveolens essential oils contain carvacrol, α-terpinyl acetate, 
thymol as well as β-pinene, and these compounds has been associated 
with antibacterial activity against Vibrio cholerae, Salmonella tyhpi, and 
Yersinia enterocolitica [32, 33].

Also, thymol and carvacrol have antibacterial effects against Esch-
erichia coli, Staphylococcus aureus, Staphylococcus epidermidis, Strep-
tococcus faecalis and Proteus vilgaris, with MIC values of 0.25–0.83 μl/
ml [34]. Techniques to protect nutraceutical compounds should be used to 
prevent the loss of biological activity. The microencapsulation technique is 
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an example since it allows control the release of nutraceutical compounds 
and it has been demonstrated that some materials to encapsulate several 
compounds as p-cymene, thymol, and carvacrol have bactericidal effects 
against pathogenic strains [30]. Additionally, thymol and carvacrol can 
produce a synergistic effect with nutraceutical substances as well as great 
bacterial inhibition [35].

9.2.5  ALIUM SATIVUM

Alium sativum is cultivated in Mexico and is known as garlic, this crop is 
one of the most profitable, so it grows about 5,451 ha. The states with the 
highest production are Zacatecas, Guanajuato, Sonora, Puebla, Baja Cali-
fornia and Aguascalientes [36]. Extracts of A. sativum present an effect 
on Vibrio cholerae and act synergistically with antibiotics [37]. Also, 
nanoparticles with garlic extracts exhibit a high antimicrobial effect, espe-
cially against human pathogenic microorganisms such as Streptococcus 
faecalis (ATCC: 29212), Bacillus cereus (ATCC: 10702), Escherichia coli 
(ATCC: 25922), and Shigella flexneri (KZN) [38]. The garlic juice has 
high activity against Clostridium difficile in vitro [39]. The mixture of 
garlic extracts with higher amounts of diallyl trisulfide potentiate their 
antimycobacterial activity [40].

9.2.6  ALIUM CEPA

Alium cepa is known as onion and is used in Mexico to improve the taste 
of meals. The essential oils of this plant are rich in sulfur compounds such 
as dipropyl disulfide and dipropyl trisulfide which display antibacterial 
activity against Escherichia coli O157: H7 (MIC = 5.13 g L–1), Salmo-
nella choleraesuis (MIC = 1.28 g L–1), Listeria monocytogenes (MIC = 
2.56 g L–1) and Staphylococcus aureus (MIC = 5.26 g L–1) [41]. On the 
other hand, a potent antimicrobial activity of methanolic and aqueous 
extracts of Allium cepa in Bacillus subtilis and Pseudomonas aeruginosa 
was observed using the disc diffusion method and the minimum inhibitory 
concentration by the microplate method [42].
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9.2.7  TAGETES LUCIDA

Tagetes lucida belongs to the Asteraceae family and is known as Mexican 
tarragon. This is an important plant for its nutritional and medicinal prop-
erties. This plant has an antibacterial effect on gram-positive and negative 
bacteria since the MeOH/CH2Cl2 extract inhibits the growth of E. coli, P. 
mirabilis, K. pneumoniae, Salmonella sp. and Shigella sp. [43]. Addition-
ally T. lucida it has been used as an antibacterial agent in respiratory tract 
infections [44]. Extracts from this plant, also, exhibits antibacterial actions 
on Escherichia coli, Salmonella enteritidis, Salmonella typhi, Shigella 
dysenteriae and Shigella flexneri [45].

9.2.8  PERSEA AMERICANA

Persea americana Mill. (Lauraceae), is native to Mexican tropical areas, 
currently is cultivated in other regions of Latin America, the United States, 
and Europe [46]. The crude extracts of stem bark and the butanolic fraction 
from Persea americana show effect on Bacillus cereus strains involved in 
food poisoning at 25 mg/ml and 10 mg/ml respectively [47]. Additionally, 
the avocado seed extract enriched whit acetogenin has an antilisterial effect 
(Listeria monocytogenes) similar to commercial antimicrobial Avosafe® 
[48]. P. americana chloroformic extract inhibits the growth of M. tuber-
culosis H37Rv, M. tuberculosis MDR SIN 4 isolate, three M. tuberculosis 
H37Rv mono-resistant reference strains and four non tuberculosis myco-
bacteria (M. fortuitum, M. avium, M. smegmatis and M. absessus) showing 
MIC values ≤50 μg/ml [49]. Ethanolic extracts show a great inhibitory 
effect against Streptococcus mutans and Porphyromonas gingivalis [50].

9.2.9  ORIGANUM MAJORANA

Origanum majorana is a plant used in Mexico to flavor foods, some 
studies have evaluated its antibacterial effect. Interestingly, essential oils 
have higher effect on gram-negative bacteria than gram-positive bacteria. 
Compared with synthetic antibiotics, essential oils were more effective 
against E. coli, L. innocua and S. enteridis [51]. Additionally, this plant has 
an antioxidant effect [52]. The essential oil of this plant is not mutagenic 
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[53]. Another study demonstrated that the essential oil of Origanum majo-
rana displays antimicrobial activity against 25 bacterial and fungal strains 
[54].

9.2.10  ROSMARINUS OFFICINALIS

Rosmarinus officinalis L. is a plant used in traditional Mexican medicine 
and food processing [55]. Extract display a great efficacy against Esch-
erichia coli O157:H7, Salmonella enteritidis, Salmonella typhi, Yersinia 
enterocolitica and Listeria monocytogenes [56]. Some essential oil blends 
of Cinnamomum zeylanicum, Daucus carota, Eucalyptus globulus, and 
Rosmarinus officinalis show an effect against fourteen gram-positive and 
gram-negative strains, including some antibiotic-resistant [57]. Rosma-
rinus officinalis L. extract has an inhibitory effect of Candida albicans, 
Staphylococcus aureus, Enterococcus faecalis, Streptococcus mutans and 
Pseudomonas aeruginosa on monomicrobial biofilms responsible for 
infections in the oral cavity as well as in other regions of the body [55].

9.2.11  SALVIA OFFICINALIS

S. officinalis belongs to Lamiaceae family, in Mexico oral infusion is 
used to treat respiratory and gastrointestinal tract infections [58]. Salvia 
officinalis extract reduces the growth of Enterococcus faecalis [59]. 
Also, reduces the dental-bacterial plaque since bacterial colonies number 
reduced of 3900 to 300 [60]. On the other hand, the ethanolic extract of 
leaves of Salvia officinalis shows antibacterial activity against Bacillus 
cereus. The fractionation of this extract led to the isolation of the diter-
pene, methyl carnosate [61].

9.3  COMPOUNDS RELATED TO ANTIBACTERIAL EFFECT

In Mexico, there are a large number of plants containing compounds with 
antibacterial effect, some act synergistically others act individually. Some 
compounds identified in different investigations described below (Table 
9.1). These are related to antibacterial effect against different strains.
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9.4  MECHANISM OF ANTIBACTERIAL ACTIVITY OF 
NUTRACEUTICALS

Nutraceuticals are contained in plant extracts and the antibacterial effect 
may vary depending on each compound. Table 9.2 summarizes some 
families of compounds having antibacterial activity and their mechanism 
of action.

TABLE 9.2  Compounds Identified in Mexican Plants and Their Mechanism of Action 
Antibacterial

Compound Action Mechanism References
Flavonoids Inhibits nucleic acids synthesis

Bacterial cell membrane damage

Inhibits cytoplasmic membrane function

Inhibits energy metabolism

[65, 66]

Terpenes Inhibits the protective enzymes of bacterial membrane

Bacterial cell membrane damage

[67, 68]

Alkaloids Inhibits nucleic acids synthesis Bacterial cell membrane 
damage

[69]

9.5  FINAL COMMENTS

Despite the availability of synthetic compounds, the search of natural 
compounds to lower cost and few side effects are desirable for human 
beings. Therefore, there is a growing interest in preventive medicine 
promoting the use of nutraceuticals by their important nutritional values 
and effects on the health. The purpose of this review is to emphasize the 
main components and their mechanisms of action of some medicinal plants 
such as Mentha spicata, Larrea tridentata, Achillea millefolium, Lappia 
graveolens, Alium sativum, Alium cepa, Tagetes lucida, Persea ameri-
cana, Origanum majorana, Rosmarinus officinalis, Salvia officinalis, 
among others since the compounds containing these plants are promising 
for the development of nutraceuticals. These compounds found in medic-
inal plants should be evaluated in vivo assays to guarantee their safety and 
subsequently carry out the successful implementation to the market.
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CHAPTER 10

ABSTRACT

Seaweeds, fish waste (tail, head, fins, fins, and scales), shrimp residues 
(head, tail, and peel), and other waste of marine species such as jellyfish 
and crustacean residues are marine biomasses that can be used for human 
consumption by exploiting its nutritional components. Seaweeds contain 
proteins, minerals, vitamins, lipids, and polysaccharides; shrimp wastes 
contribute with chitin and chitosan, while fish waste contains proteins, 
omega fats, and collagen. In addition to their extensive use in the food 
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industry, a huge variety of these biomasses have in common the ability to 
act as thickening and gelling improving the rheological characteristics of 
certain products. These marine biomasses also have relevant pigments as 
astaxanthin from seaweeds and important bioactive components such as 
fucoidan, agar, carrageenan, alginate, laminarans, chitin, chitosan, among 
others which can provide health benefits acting as antimicrobial, antico-
agulant, and antioxidant; helping to prevent or lessen symptoms of certain 
diseases by means of lowering blood glucose levels and strengthen the 
immune system. Obtaining these components have been achieved thanks 
to novel technologies and biotechnological advances that have been devel-
oped to improve the extraction processes, by the creation of less aggres-
sive processes and methods for both, the feedstock and the environment; 
besides costs reduction. The aim of this overview is to present the impor-
tance of the existence of these nutritional compounds present in marine 
biomass, its different applications mainly in the food industry and their 
biological properties that contribute to be consumer.

10.1  INTRODUCTION

Oceans, seas, and coastal areas provide a vital source of nutrition ensuring 
safe food around the planet. The consumption of products from the sea, 
such as fish, shrimp, seaweed, shellfish, crabs, jellyfish, sponges, squid, 
to name a few ones are significant for the rich content of proteins, lipids, 
carbohydrates, vitamins, and minerals [1]. For these reasons, the aquacul-
ture industry, in recent years has rapidly grown their worldwide produc-
tions in developed and first world countries; improving its economies. 
In 2014, the Food and Agriculture Organization (FAO) reports a fish 
harvested from aquaculture amounted to 73.8 million tonnes, with an esti-
mated first-sale value of US$160.2 billion [2–4].

Nowadays, the use of fish waste as scales, bones, heads, skin, has 
been increased for many applications, principally, since 2010, 36% of 
the fishmeal total feedstock production was obtained from marine food 
waste (MFW). Previously, the MFW was considered a useless biomass 
without commercial value; from an economic and nutritional perspective. 
However, different studies have been made to find applications for these 
MFW materials for human consumption and other applications in environ-
mental areas with important social and economical impact [2].
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Seaweed (also called macroalgae) also fulfills an important role in food 
area because they are characterized by high biodiversity of species with 
great variety of nutritional and bioactive compounds, considered by many 
as the main aquatic food chain, because it chemical composition is consti-
tuted by selective polysaccharides, sugars, lipids, vitamins, and minerals 
that can be applied in nutritional areas [5]. Seaweed industry has an annual 
global value of USD 5.5–6 billion, mainly used for food, phycocolloids, 
fertilizer, animal feed additives, cosmetics, and medicines. Products from 
seaweeds have become very attractive for the food industry; especially 
for its high capacities to act as thickening and gelling agents that help to 
improve rheological characteristics of certain products; moreover, it have 
been reported as sources to provide health benefits acting as anticoagu-
lants, antioxidants, antitumor, antimicrobials, etc. Moreover, it is impor-
tant to mention that an area under development with an increased interest 
is the use of seaweeds for bio-alcohols production with significant and 
positive results, the process is based principally in the biorefinery concept 
in order to produce biofuels and high added value compounds [4, 6–9].

Additionally, other marine biomass feedstocks with great properties 
are the residues obtained from shrimp and shellfish production. Shrimp 
consumption generated 15% of the total sales of the industry marketed 
fish products in 2010, with an increasing demand every year; [10] but 
only 65% of shrimp is edible and the rest is waste generated in the produc-
tion process including shell, head, and tail. These residues have been 
reported that are rich in high-quality protein, high polyunsaturated fatty 
acids as omega–3, minerals, carotenoids, chitin, and astaxanthin [11, 12]. 
Concerning to marine shellfish, the generated residues are a great substrate 
for the production of biofunctional peptides, carotenoids, and astaxanthin 
[13]. Crab shells are also a great source of chitin and chitosan used in 
food, beverages, and water purification while oyster shells and shellfish 
has been used to produce calcium carbonate and calcium oxide.

The present overview is focused to describe a scenery of the rele-
vant products obtained from sub-valorized marine biomass: seaweeds 
and others seafood residues; including chemical, biological, and nutri-
tional characteristics, importance, and possible uses to be applied in food 
industry for direct human consumption or as additives as food ingredients 
or fortifiers with health benefits (Figure 10.1).
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10.2  NUTRIENT EXTRACTS FROM MARINE BIOMASS: 
SEAWEEDS AND RESIDUES OF FISHING INDUSTRY

10.2.1  SEAWEED

Seaweeds are similar organisms with a simple autotrophic structure, with 
little or no cell differentiation of complex tissues; there are commonly 
found attached to rocks or other hard substrates in coastal areas and its 
classification is based on different properties as their type of pigmentation 
chemical nature, mechanism of photosynthesis, morphological character-
istics, among others [14, 15]. According to FAO statistics in 2014 [3], 
world production of seaweed come from two sources: harvesting from wild 
stocks and from aquaculture, the bulk of worldwide production reached 
of 24.9 million tons in 2012, valued at about USD $6 billion, and 96% 
(23.8 million tons) of the total production were obtained from aquaculture 

FIGURE 10.1  Main marine biomasses, functional components and applications.
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dominated principally by the Asian countries with China, Philippines, and 
Indonesia as the principals suppliers. On the other hand, Chile, is the top 
producer of harvesting seaweed from wild stocks, who has remained in 
first place over the last 10 years, with a regular recovery of 436,035 tons; 
followed by China and Japan. The European continent has also increased 
the demand in consumption of seaweed; the main producers are Norway 
and France with 140,336 and 41,229 tons, respectively. China is the largest 
producer of edible seaweed with about 5 million tons, mainly Laminaria 
japonica, followed by the Republic of Korea with 800,000 tons, in which 
50% is Undaria pinnatifida, while Japanese production is around 600,000 
tons where 75% corresponds to Porphyra species [6, 14–16].

10.2.1.1   POLYSACCHARIDES OF SEAWEEDS

In general, all the seaweed varieties are high in carbohydrates with yields 
reaching values around 50% dry weight, but this composition varies 
according to the species to which they belong, geographical location and 
the water temperature. The cell wall of seaweed contains mostly carbohy-
drates such as polysaccharides as structure of reserve. There are different 
types of polysaccharides depending of their classification: (a) brown prin-
cipally contains alginates, manitol, fucoidan, laminaran; (b) red seaweed 
present agar and carrageenan, and (c) green seaweed has polydisperse 
heteropolysaccharide such as glucuronoxylorhamnans, xyloarabinogalac-
tans, and glucuronoxylorhamnogalactans (Figure 10.2A) [6, 17–22].

10.2.1.2   LIPIDS AND PROTEINS

Different types of fatty acids can be found in seaweed ranging from 
11–18% of polyunsaturated fatty acids (PUFAs), 31–47% of saturated 
fatty acids (SFA) and 23–33% of monounsaturated fatty acids (MUFAs) 
from total fatty acids [23, 24]. Mohamed et al., [23] reported that red and 
green seaweed types are high in protein content with 10–47% dry weight, 
while brown seaweed have 5–24% dry weight. The season of collection 
also affects proteins content, if the collection of the Rhodophytes is done 
during the summer the values are in the range of 12–15% dry weight and 
in winter, these values decrease.
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FIGURE 10.2  Principal high value-added compounds applied in food industry extracted 
from: (a) Brown, red, and green seaweed; (b) Fish; and (c) Crustacean. Adapted from 
Cervantes-Cisneros et al., 2017 [6].



Relevant Marine Biomass as Feedstock for Application in the Food Industry� 203

10.2.1.3   VITAMINS, MINERALS, AND PIGMENTS

Rodrigues et al., [21] determined the most representative seaweeds micro-
elements as Mg, Ca, Na, P, and K with 97% of the total mineral content, 
following by minor content of Al, I, Mn, Fe, Zn, and B. The most significant 
species with relevance application for its mineral content are G. gracilis, 
O. pinnatifida, G. turuturu, S. muticum, S. polyschides and C. tomentosum. 
The vitamins that can regularly be found are C and α-tocopherol type; 
also, brown seaweed contains carotenoids like β-carotene, fucoxanthin, 
violaxanthin, and pheophytins [23, 25].

10.2.2  FISH SCALE, SKIN, BONES, AND FINS

In some countries, the main income is acquired by fish production caused 
by the considerable increase of the marine products consumption in the 
last years around the world. FAO [10] estimates in 2014 that the produc-
tion of aquaculture harvested fish were around 73.8 million tonnes, corre-
sponding to 49.8 million tonnes of finfishes. In 2012, only 60–70% was 
exploited for human consumption because during the processing of fish 
in the aquaculture industry, wastes formed by skin, heads, tails, fins, 
spines, scales, and guts, may generate up to 30–40%, depending on the 
type of fish, and these wastes are considered low economic value biomass 
for human consumption. Some of the uses that have been given to these 
by-products are as fish oil, fishmeal, fish flour, bait, fish for ornamental 
purposes, pharmaceutical or as animal feed fertilizer in aquaculture, farm 
animals and pets [26–34]. Actually, there are a variety of techniques devel-
oped to apply for recovery different marine biomass nutrients, hence it has 
been proven that products from these by-products are liable to be used in 
food industry as additives, while helping the environment by reducing the 
amount of waste and to generate less economic losses. Moreover, several 
studies have reported that marine products contain important bioactive 
compounds that can be used in human consumption because they provide 
health benefits [26].

Fish waste have large amounts of proteins, fats, and minerals; is impor-
tant to note that there may be some variation factors in fish waste chem-
ical composition depending of specie, age, season of capture, sex, health, 
among others [30, 35].
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10.2.2.1   PROTEIN

Fish is rich in protein and amino acids, muscle protein is highly nutritious 
and digestible, it can be found in fish frame, reaching values up to 25% of 
dry weight, containing 8 essential amino acids. Moreover, another way to 
obtain better use of protein from fish waste has been its conversion into 
bioactive peptides and fish protein hydrolysates, the second one is referred 
to small fragments resulting from degradation by enzymatic hydrolysis; 
the results are the recovery of 2–20 amino acids with health benefits, 
ensuring safe consumption by humans and animals feed [26, 30, 36]. One 
of the main marine source of proteins is collagen, that can be found in 
invertebrates sources especially from fish skins, fins, scales, and waste 
material from sponges, jellyfish, and mollusks (Figure 10.2B). Collagen 
is widely used in cosmetic, pharmaceutical, and food industry because 
it has the ability to form gelatin in its denatured form and for its thermal 
stability attributed to the presence of essential and non-essential amino 
acids like hydroxyproline (produced by hydroxylation of the amino acid 
proline) [31–38]. Sionkowska et al. [39] reported that there are 28 types 
of collagen, but three are the principal ones: type I, formed by bones, skin, 
and tendons; type II composed by cartilage; and type III obtained from 
skin and viscera. Depending on the type of collagen is the use that is given; 
the most common classification with several applications is type I, for 
example, in pharmaceutical industry and medical have been widely used 
in tissue bioengineering for the regeneration of ligaments, heart valves, 
blood vessels, scaffolds, in wound healing resulting from burns and ulcers 
[40–43]. On the other hand, the collagen is used as vehicles for trans-
portation in drug delivery such as capsules, tablet coatings or minipellets 
because these materials have been shown to be highly biocompatible with 
the organism due of their high biodegradability [44]. Nowadays, the use 
of marine collagen in the food industry has increased due to its excellent 
film-forming capacity, mainly applied as edible biodegradable coatings on 
fruits, white and red meat, hams, bacon, and sausages, among others. The 
main advantage of collagen films is as barrier membrane to protect against 
the migration of oxygen, moistures, and solutes, antimicrobial protection, 
rancidity decreases, reduce the formation of gases and vapors avoiding 
food degradation; also, due to the amino acids presence in fish collagen, 
it can provide antioxidants effect on product directly [41, 45, 46]. More-
over, the combination of marine collagen with other compounds such as 
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chitosan, starch, cellulose, lactic acid, glyceraldehyde, and hydroxyapa-
tite improves their physical and mechanical properties; such as increasing 
water holding capacity, better texture and stability to increase food quality 
and safety for its consumption [41, 42, 47].

10.2.2.2  LIPIDS AND OILS

Coppes [48] reported that the amount of oil in fish depends on the species 
with content values varied around 2–30%. Compared with low-fat content, 
that can be found in terrestrial animals, the saturated fatty acids (SFA) are 
the main type of fat that are found in fish and fish wastes, with palmitic 
acid (16:0) as the most prominent one. Additionally, for monounsaturated 
fatty acids (MUFA) the principal type is the oleic acid (18:1 omega–9). 
However, the demand in the consumption of oils from marine species has 
increased due to the huge interest in two types of n–3 polyunsaturated fatty 
acids (PUFAs), namely eicosapentaenoic acid (EPA, C20:5 omega–3) and 
decosahexaenoic acid (DHA, 22:6 omega–3), better known as omega–3 
fatty acids, because these fats can only be obtained from seafoods or by 
taking supplements. The health relevance of these PUFAs is known to 
have variety of health benefits against cardiovascular diseases including 
hypotriglyceridemic and anti-inflammatory effects. Also, various studies 
indicate promising antihypertensive, anticancer, antioxidant, antidepres-
sion, antiaging, and antiarthritic effects; and recent studies also indicate 
insulin-sensitizing effects in metabolic disorders [27, 30, 49].

10.3  WASTE PRODUCTS FROM THE FISH INDUSTRY: 
MOLLUSC, JELLYFISH, SHRIMP, AND OTHERS

The marine industry focused their production and processing of seafood 
on mollusk, jellyfish, shrimp, octopus, squid, and cuttlefish, generating 
a highly significant amount of residues that are primarily composed of 
heads, tails, shells, legs [50]. Thirty-five countries are the major producers 
of fish, mollusk, jellyfish, and shrimp, where China occupy the highest 
position followed by India, Vietnam, Bangladesh, and Egypt with 16.1 
million tonnes of mollusks, 7.3 million tonnes of other aquatic animals 
and 6.9 million tonnes of crustaceans. In 2010, the cephalopods trade 
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reached 4% worldwide of total sales of fish, while shrimp won 15% of 
sales that increased in 2012 [10]. In the process of shrimp production 
only a maximum of 65% is edible so this industry approximately generate 
around 40–50% of the total weight of shrimp waste as head, tail, shell, 
cephalothorax, and exoskeleton which results in major environmental 
problems and currently it is required industries to give beneficial use to 
such waste [1, 11, 12]. The regular uses of seafood residues are as milk 
substitutes, baked goods, soups, and infant formulas and also enhances 
food stability [30, 51].

10.3.1  CHITIN AND CHITOSAN

Lobsters exoskeleton, shells of crustacean (crab, mussel shells, prawn 
shells), shrimp shells, in the cell walls of certain seaweeds and fungi, are 
the main sources of chitin (15–50% dry weight). Chitin is the second most 
abundant polysaccharide after cellulose [1, 52–55]. In 1884, it was first 
identified, as a nontoxic natural polymer with different advantages like 
high biocompatible with the human-organism, highly biodegradable, low 
immunity and allergenicity, allowing to be applied in medical, pharmaceu-
tical, and food area [56–60].

The chitin (Figure 10.2C) has high molecular weight, due to intermo-
lecular hydrogen bonds, this polysaccharide is formed by a linear structure 
with units of (1–4)-linked 2-acetamido–2-deoxy-β-D-glucopyranose. It is 
insoluble in water, has low reactivity and is less soluble in acidic solvents 
[1, 50, 61–64]. Anitha et al. [63] reported that chitin can be found in three 
polymorphic forms in nature, that correspond to α- ways obtained from the 
crabs and shrimps, its β- found in squids and γ- in loligo; for this reason, its 
application is very versatile, principally used in the manufacture of nanofi-
bers, sponges, microparticles, delivery drugs. Moreover, is a useful bioma-
terial for wound healing materials as bandages and dental pieces, in the 
formation of hydrogels applied in tissue engineering scaffolds, an inject-
able polymeric hydrogel. In the organism acts as antacids, antiulcer, blood 
anticoagulant, antitumoral and in the treatment of obesity as nutraceutical/
supplement generating satiety sensation and lowering serum cholesterol 
[56–66]. Edible coatings are the main use in the food industry, ensuring 
food quality, moreover, other applications are as stabilizing, thickening, 
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and emulsifying, a chelating agent, conservative, and additive of certain 
foods, as a clarifier and deacidification of juices [56, 66–69].

Chitosan is the product of partial deacetylation of chitin and in contrast 
to chitin, chitosan is a linear polysaccharide with units of (1–4)-linked 
2-amino–2-deoxy-β-D-glucopyranose (Figure 10.2C) [54, 62]. The general 
method used for obtaining chitin and chitosan, independently of the raw 
material source, is carried out in three steps. The first stage is the deprot-
einization and depigmentation, carried out by the removal of proteins with 
the addition of NaOH solution heated to 60°C following by the depig-
mentation within acetone for 24 hours. The second step is demineraliza-
tion, placing the raw material in 1% HCl solution for 4 hours, leaving rest 
after 24 hours to remove the greater amount of minerals, mainly calcium 
carbonate. The third and final step is the deacetylation, that consists of 
heating demineralized chitin in NaOH solution between 100 and 110°C 
for 6 hours [23, 50, 54, 61, 70]. However, there are biological methods for 
the extraction of chitin and chitosan. Arbia et al. [52] reported a method 
with crustacean shells using lactic acid bacteria; these bacteria have the 
ability to produce shell demineralization, because the lactic acid reacts 
with calcium. Mohamed et al. [53] report biological extraction methods 
consisting of enzymatic and microbial fermentation reactions, but these 
methods have low yields compared with the common extraction method; 
also other extracted products classification are chitosan oligosaccharides 
(chito-oligosaccharides, COS) and glucosamine [28, 71].

10.3.2  PROTEINS, AMINO ACIDS, AND LIPIDS

Shrimp wastes are rich in proteins; heads and shells have proteins values 
of approximately 47% of dry weight, containing important amino acids 
as isoleucine and lysine and alkaline forms as threonine, lysine, and 
leucine. Fatty acids in shrimp residues depend on the water temperature 
of the species collected area with maximum values of 34% of dry weight, 
including saturated fatty acids followed by acid mono- and poly-unsat-
urated compounds. In the cephalothorax and exoskeleton (shell) can be 
found in values of 10.5% and 3.78% dry weight of lipids, whereas the head 
shows values above 6.9% [1, 11, 12].
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10.3.3  VITAMINS, MINERALS, AND PIGMENTS

Mármol et al. [50] mentioned that the main mineral content found in 
shrimp residues are Mg, N, P, Ca (30–50%) and K with traces presence of 
Zn, Fe, Ni, and Mn; while in jellyfish source, the principal elements are 
in a greater proportion of Ca, Cl, Mg, P, K, Na, and Zn [1, 11]. Shahidi 
et al. [28] reported that is possible the recovery of 10% of carotenoids 
from the shells and skins; being the main type of β-carotenoid followed by 
astaxanthin, canthaxanthin, and echinenone, which have been investigated 
because they exhibit the greatest amount of pigments in comparison with 
other carotenoids, besides having biological properties as anticancer and 
antioxidant; in addition acting as precursors of vitamin A.

10.4  BIOACTIVE COMPOUNDS FROM MARINE BIOMASS

There are different techniques for extracting polysaccharides present in 
seaweeds; the variety of methods include the use of hot water, use of 
dilute acids and alkalis, solvents, and bases; requiring large amounts of 
solvents with long periods of extraction [72]. On the other hand, extrac-
tion methods through hydrothermal processes present advantages over 
the methods mentioned above, as higher extraction yield, shorter process 
extraction time, the maintenance of target compounds bioactivity and the 
low environment impact [6, 8]. Table 10.1 showed some of the most rele-
vant methods applied for seaweed polysaccharides extraction. Polysaccha-
rides extracted from seaweed, have become very attractive to the industrial 
sector especially for its rheological characteristics, the most commercial 
compounds are carrageenan, alginate, and agar because they have impor-
tant properties such as their ability to form gels, such as stabilizers, thick-
eners, and emulsifiers, allowing them to be widely used in food industry 
[7, 8, 15, 73] (Table 10.2). Cervantes-Cisneros et al. [6] reported that the 
bioactive compound extracted from brown seaweed are mainly fucoidan, 
alginate, and laminarin; fucoidan and laminarin have been reported as 
source of different biological activities as antitumor, anti-apoptotic, anti-
inflammatory, anticoagulant, and antioxidant activity. In red seaweed the 
main polysaccharides present are carrageenan (chains with sulfate half-
esters attached to the sugar units; of kappa, lambda or iota general forms) 
and agar (units of agarobiose alternating (1, 3)-linked-ᴅ-galactose and (1, 
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4)-linked-(3, 6)-anhydro-L-galacose residues); about bioactivity, carra-
geenans had showed anti-tumor and ant-viral properties. Green seaweed 
is principally constituted by ulvans that are formed by a central backbone 
of an L-rhamnose 3-sulphated linked to: (a) ᴅ-guluronic acid residue; (b) 
L-iduronic acid residue; (c) ᴅ-xylose 4-sulphate residue; or (d) ᴅ-xylose 
residue disaccharide units [5, 18, 83–85].

As was previously mentioned, the main source for obtaining chitin 
and chitosan comes from crustaceans’ discards. These polysaccharides 
are principally employed in the food technology as films and coatings to 
increase food shelf life like biodegradable an edible packed to prevent 
bacteria, fungi, and yeasts growth [35, 86]. Chitin and chitosan are widely 
used as additive in food industry due to certain mechanical properties such 

TABLE 10.2  Most Relevant Applications of Seaweed Polysaccharides in Food Industry

Polysaccharide Property  Application in the food industry Reference
Alginate Stabilizers Manufacture of ice cream [23, 74]

Thickeners Sauces, syrups, toppings for ice 
cream and pie fillings
Emulsifiers in water/oil solutions 
for mayonnaise and salad dressings 
preparation

Mixtures of 
calcium salts and 
sodium alginate

Supports the formation of gel 
retarder
Jellies, instant desserts

Gel Food production restructured as 
meats, chicken nuggets, meat pies, 
fish fillet restructured

Films and coatings Conservation of different food 
matrix

Others Dietary fiber
Beer foam stabilizers
Baked goods

Agar Gel Japanese cuisine, in meat and fish 
products to mimic gelatin and other 
jelly products.

[7, 82]

Carragenans Gelling agents, 
thickeners, and 
stabilizer

Jellies 

Laminaran Dietary fiber As an additive
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as good flexibility, high strength and high durability and its high ability to 
act as emulsifiers, thickeners, and gelling agents; also, helps to delay the 
onset of bad odors in the flesh and as clarifiers in beverage as water, apple 
and carrot juice, and wine production, without affecting the beverage color 
[50].

Fish wastes as biomass are relevant source to produce bioactive 
compounds principally rich in proteins, lipids, and minerals. Due to this in 
the recent decades, fish residues have been regarded as source of nutraceu-
tical ingredients, used to manufacture functional foods based on protein 
concentrate products as fish oil, rich in unsaturated fatty acids. Addition-
ally, collagen and fish protein hydrolysates (FPH) extracted from fish skel-
eton has being applied as gelling, emulsification, texture, and whipping, 
in order to enhance features such as consistency, stability, and elasticity of 
the product; plus one of the most important applications are in the manu-
facture of protective films to keep food aroma [36, 87, 88]. The shellfish 
enzymes have been used as rennet substitute in cheese manufacturing with 
fish gastric enzymes, fish descaling and the expensive extraction of shell-
fish proteins [28]. Shrimp shells and heads have been used for the manu-
facture of sausages protective plastic and as emulsifier and stabilizer [11].

10.5  HEALTH BENEFITS: CONSUMPTION OF FOODS 
PREPARED WITH MARINE BIOMASS

Buono et al. [89] mentioned that the definition of functional food proposed 
by the Food and Drug Administration (FDA) “released statements about 
the relationship between the dietary intake of some foods or nutrients and 
the prevention of several diseases.”

The marine biomass has shown great medicinal and nutraceutical 
potential like seaweeds compounds such phloratannins, vitamins as A, B2, 
B6, C, and E, dietary fiber and polysaccharides as fucoidan, laminaran, 
carrageenan, and alginate. These bioactive compounds have been studied 
against cancer, obesity, diabetes, oxidative stress, inflammation, discom-
fort and pain, hypertension, and allergies. Due to its medicinal proper-
ties, seaweeds have been used for decades as tea and cough medicine to 
combat colds, bronchitis, and chronic coughs; also as an anticoagulant 
in blood products and for bowel problems as diarrhea, constipation, and 
dysentery [18, 84, 90, 91]. Additionally, waste products from the fishery 
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industry (fish wastes, shell of shrimp, mollusc, jellyfish, crab, prawn, krill, 
and lobster) are rich in bioactive compounds such as, aminoacids, carot-
enoids as astaxanthin, chitin, and oligosaccharides, also have presence of 
omega–3 and omega–6 as the most remarkable biocompounds because 
its acts has anti-inflammatory and blood reducer of lipid content [12, 51, 
84, 92, 93]. Kandra et al. [1] reported that chitin most relevant functions 
are as skin antibacterial, platelet activation, antioxidant, blood cholesterol 
control and macrophages activation to help immune system for tissues 
regeneration, also the seaweed pigments as astanxanthin prevents prostate 
cancer and their pigments synthesize vitamin A (Table 10.3).

10.6  FUTURE PERSPECTIVE

Through years of research, there has been a delay in progress in biotech-
nological advances with the objective of using marine biomass as a whole: 
however, in the last decade there has been an increase in researches based 
on the extraction processes to recovery different bioactive and functional 
components specifically, highlighting the decrease in extraction times, and 
obtaining higher yields. Recently, new methods have been studied based 
to be less aggressive for both, the marine biomass (raw material) and the 
environment, besides having the advantage of achieving low economic 
cost. Due to these improvements, researchers have continued searching for 
novel marine compounds beneficial for health, in order to make possible 
their benefits on human well-being. However, a critical limitation is that 
there are also few studies to establish the physiological improvements in 
humans, so this is an opportunity for researchers interested in performing 
such studies in order to increase the number of products based on marine 
biomass in the market of the countries not used to eat these products. Soon, 
the demand for these compounds will rise considerably, because of the 
actual and constant increasing tendency to maintain good health through a 
proper diet. Moreover, it has been demonstrated through the Asian coun-
tries that to include products made of raw and extracted components of 
marine biomass and residues on their daily feed have given relevant health 
benefits. The significant interest to introduce these products to different 
parts of the world, are influenced positively, and this has made possible 
the application and development of new technologies to implement the 
cultivation of different marine products and the look for applications to the 
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high quantity of residues. Some of these technologies include the search 
of optimal conditions for seaweeds growth, tanks improvement for fish 
production, the expansion areas of companies to reuse marine biomass and 
residues, seeking to improve the techniques to make the marine products 
and compounds more effective and profitable, plus it will help to generate 
more jobs with the market introduction of such products, enhancing the 
economic income in developed countries
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CHAPTER 11

ABSTRACT

The use of lipids in the development of edible coatings is a viable alterna-
tive to conserve natural and fresh products, allowing the extension of the 
shelf life quality without causing any harm to the environment, compared 
to films prepared from synthetic plastics. For this reason, the most impor-
tant lipid in this application is the wax, because it possesses the necessary 
properties to perform this function. Since its nature, the fruits tend to have 
a layer of wax that confers protection against pathogens, environmental, 
pests, etc. In this review, we report the importance of candelilla wax as 
a natural resource from the Mexican semi-arid region, as well as their 
uses in the development of edible coatings, because it is a biodegradable 
and edible material approved by the FDA. Its importance as an essen-
tial component of an edible coating made with this type of biomaterial is 
based in its action as a plasticizer. Also, we describe some reports of the 
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development of nutraceutical edible coatings formulated with the addition 
of natural phenolic antioxidants.

11.1  INTRODUCTION

The concern for the mass production of waste from packaging materials 
has meant a decisive shift in the vision towards the use of biodegradable 
materials. Especially those coming from agricultural surpluses, due to the 
growing demand by consumers of food made from natural products, has 
led to the innovation of new conservation technologies at agro-industrial 
level, which help prolong the shelf life of fresh fruit [1]. However, the use 
of natural coatings cannot, nor intends to, replace the usage of traditional 
packaging materials, but it is necessary to take into account its functional 
characteristics and the possible advantages of behavior in certain applica-
tions [2].

The technical challenges involved in producing food and preserving 
them with stable quality, indicate that the use of this type of coatings will 
be greater than what it currently is; However, despite the fact that the tech-
nical information available for the elaboration of edible covers is wide, it 
is not universal for all products, which implies a challenge for the develop-
ment of specific coatings and films for each food [3]. In the particular case 
of fruits and vegetables for fresh consumption, the edible coatings provide 
an additional protective cover whose technological impact is equivalent 
to that of a modified atmosphere, which consists of a thin and contin-
uous layer, made of materials that can be ingested, and provides a barrier 
to moisture, oxygen, and solutes, this can completely cover the food or 
can be placed in the components of the product [4] and must ensure the 
stability of the Food and prolong its useful life.

According to the conditions of storage of fruits and vegetables should 
be considered some factors whether mechanical or chemical involved in 
the design of films [4], therefore represent a storage alternative for prod-
ucts that can be consumed in fresh [3]. The edible coatings that are being 
tested in post-harvest are mixed formulations of lipid compounds and 
hydrocolloids, whose main priority is the preservation and protection 
of products of plant origin, against microbial contamination generated 
during manipulation [5]. The use of Candelilla wax has been reported 
as a basic component in the elaboration of edible coatings evaluating 
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different factors involved in the conservation of fresh fruits. The Candel-
illa wax is extracted from the wild plant Euphorbia Antisyphilitica Zucc., 
it represents one of the main biopolymers that present biodegradable 
and edible properties, its structure is amorphous and its hardness is of 
an intermediate degree between that of the wax of carnauba and that of 
Bee [6].

Candelilla Wax is considered a GRAS substance by the FDA, so it 
has multiple applications in the food industry [7], that is why it is used 
for the elaboration of edible roofs, providing one of the best barriers 
permeable to moisture and gases that are the product of the metabolism 
of the fruit. Candelilla is a perennial plant that develops in semi-desert 
climates, almost devoid of leaves. The Candelilla is one of the plants 
that grow in the wild with a greater number of applications of use. It is 
reproduced by both aerial and underground stem shoots and seed. The 
collection of the Candelilla plant for the production of natural wax has 
been one of the most important economic activities in five States of the 
Mexican Republic. It is currently being used in more than 20 different 
industries around the world, mainly in the United States, the European 
Union, and Japan. Its distinctive properties confer on it the category of 
raw material essential for the manufacture of cosmetics, inks, paints, 
adhesives, coatings, brighteners and polishes, electrical insulators, 
integrated circuits, chewing gums, fruit coatings for export purposes, 
thinners and hardeners of other waxes, candles against insects, among 
others [46].

At the pharmaceutical level to the Candelilla is recognized several 
therapeutic properties. Currently in Mexico there are research projects 
aimed at technological improvement in the process of extraction and 
purification of timber and non-timber forest products with high commer-
cial value, in particular, the Department of Food Research of the Faculty 
of Chemical Sciences of the Autonomous University of Coahuila, has 
reported the elaboration of edible roofs with the addition of natural 
antioxidants produced by fungal fermentation in solid medium, they 
have presented positive results for the conservation of Fresh fruits [8], 
providing a barrier against pathogenic microorganisms that may possibly 
damage the fruit [9] and give the consumer a health benefit, thanks to the 
presence of antioxidants, which have anti-tumor, anticarcinogenic, and 
anti-cancer properties [8].
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11.2  NATURAL WAXES USED IN THE FORMULATION OF 
EDIBLE COATINGS

The use of waxes to cover the fruits by immersion, is one of the oldest 
methods, practiced for the first time in China [10], since the early 12th 
century [11], retarding perspiration in lemons and oranges, as they are 
more effective in blocking the migration of moisture, specifically during 
seasonal changes and continues to be used in other types of fruits [10], 
being the Candelilla one of the most resistant [12].

Natural waxes applied to fresh perishable products to reduce perspi-
ration are: beeswax, carnauba wax, candelilla wax and rice bran wax 
[12], also paraffin waxes are some of the waxes prepared and used in the 
elaboration of edible coatings, which are also used as microencapsulation 
agents., specifically for substances that provide fruit smells and flavors 
[1]. Edible waxes are significantly more resistant to moisture transport 
than most other lipid or non-lipid films [12], in addition to preventing the 
softening caused by enzymatic hydrolysis of plant cells and membrane 
components during the cutting process [13], however it is important that 
wax covers in fresh or perishable fruits are not completely waterproof, 
which causes anaerobes favoring the physiological disorders that shorten 
the Half-Life [45]. Waxing is a conservation technique widely used by 
marketers, supermarkets, and exporters in the world, whose method gener-
ates a barrier of protection between the product and the environment to 
prevent the fruit from breathing less or deteriorate faster, this wear is char-
acterized by the loss of moisture or dehydration of horticultural products 
and is a deterioration factor so we must try to maintain an optimum quality 
of the product [45].

11.3  CANDELILLA WAX (EUPHORBIA ANTISTISYPHILIICA 
ZUCC.)

The Candelilla wax is extracted from the wild plant Euphorbia Antisyphi-
litica Zucc., which is formed by esters of long-chain fatty acids that create 
a protective surface in the plant [8]. It is insoluble in water, but highly 
soluble in acetone, chloroform, benzene, and other organic solvents [6].

It presents a wide variety of applications, being currently used in more 
than 20 different industries around the world (Table 11.1).
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Its distinctive properties confer on the category of essential material 
for the manufacture of cosmetics, inks, adhesives, coatings, emulsions, 
polishes, and pharmaceutical products. In the cosmetics industry, it is being 
a good plasticizer [14]. It is also used in the manufacture of chewing gum, 
in the smelting, molding industry, in manufacturing various products in 
the electronic and electrical industries. There are many other applications 
where it is currently used, including cardboard coatings, crayon manu-
facturing, paints, wax candles, lubricants, paper coatings, anticorrosives, 
waterproofing, and Fireworks [14]. Candelilla’s wax is recognized by the 
Food and Drug Administration of the United States of America (FDA), as 
a natural safe-GRAS substance, generally Recognized as a safe-for appli-
cation in the food industry, therefore it is widely used in various sectors 
of the branch [7]. Because Candelilla wax is an edible wax, it is being 
used for the elaboration of natural coatings that can retard the ripening and 
ageing of fruits and vegetables, maintaining a controlled atmosphere on 
the exterior surface, which allows the protection of the product in the face 
of environmental, transport, and storage conditions [6].

TABLE 11.1  Commercial Importance of Mexican Candelilla Wax [44]

Importing country Imported candelilla wax 
(2016) (USD)

Increase in purchase in the 
last five years (%)

Germany 11,000.00 23.3
China 9,900.00 11.0
Italy 5,600.00 23.6
France 5,200.00 10.0
Spain 3,800.00 27.5

11.4   EFFECT OF CANDELILLA WAX AS PLASTICIZER ON THE 
FUNCTIONALITY OF AN EDIBLE COATING

Plasticization is a very important factor in the formulation, since they affect 
the mechanical properties [15] and physical of the coating (elasticity, flex-
ibility, permeability, wettability) [16], because they alter the mobility of 
the chain, the diffusion coefficients of gas or water and the structure of the 
films [15], reducing the intermolecular forces between the polymer chains 
and increasing the free volume [17], consequently, there is more space 
for water molecules to migrate, as well as hydrophilic plasticizers such as 
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glycerol, are compatible with the polymeric material that forms the film 
and increase the absorption capacity of polar molecules such as water [18]. 
The increase in permeability, with the plasticizer content, may be related 
to the hydrophilicity of the plasticizer molecule [19], because the perme-
ability to the water vapor increases as the plasticizer content increases, 
however up to 30% glycerol content, that increase is relatively mild, later 
observed a more pronounced increase [20].

Cellulose-based coatings, they are very efficient barriers to the perme-
ability of oxygen and its property of barrier to the water vapor [21], these 
can be improved with the addition of lipids as Plasticizers [21], since they 
generally increase the permeability of the same [17]. The application of a 
lipid layer on the surface of fruits replaces the natural waxes of the cuticle, 
which may have been partially removed during washing [12]. The edible 
wax covers of candelilla, have different functional properties, because 
when mixed with oils and polymers of high molecular weight as natural 
gums, they have an effect on the fruit to be coated, avoiding weight loss 
[20], the use of Candelilla wax on combined edible roofs has been amply 
evidenced by Bosquez-Molina et al. [1], who demonstrated that the covers 
with this material and rubber mesquite create a modified atmosphere 
inside the fruit, to retard the process of maturation and senescence in a way 
similar to that of a controlled atmosphere that is much more expensive 
[20], also avoids an increase in the production of ethylene and the hauling 
of additives that retard the discoloration and microbial growth [2, 22], 
allow to control the respiration of the product, providing better perme-
ability and texture, since it modifies the mechanical properties; Fulfilling 
the function of Plasticizer [23], weakening the intermolecular forces 
between the polymer chains, increasing the flexibility of the coating [20]. 
The use of a hydrophilic or hydrophobic plasticizer will produce a coating 
with similar characteristics [5]. Lipids such as Candelilla wax are good 
plasticizers, so this natural wax product has shown its advantages over 
most synthetic waxes used in this industry [14], they are compounds of 
low volatility and function as plasticizers, which are added to the coating 
[5], considering themselves two forces, one among the forming molecules 
of the film, called cohesion and another in the coating and substrate, called 
adhesion [24], in order to reduce the fragility, increasing the flexibility, 
hardness, and resistance to cutting, as they decrease the intramolecular 
forces of the polymer chains, thus producing a decrease in the strength of 
cohesion, tension, and in the vitreous transition temperature.
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Candelilla Wax covers, among others, can be used as a support when 
adding preservatives or other additives on the surface of foodstuffs, mainly 
fresh fruits and vegetables to prolong periods of post-harvest storage, 
which consist of an emulsion made of waxes and oils in water, which are 
sprinkled in the fruits to improve their appearance, brightness, color, soft-
ness, control its maturity and retard the loss of water [25]. The emulsion 
originated in the elaboration of an edible cover based on Candelilla wax 
must present an adequate homogenization of the system and in this way 
guarantee the uniformity in the size and distribution of the particles of 
the dispersed phase [20], as it will be reflected in the final barrier proper-
ties such as water vapor permeability and gases [20]. It is important to 
know the volumetric fraction of the dispersed phase of the wax emulsion 
of Candelilla, as it influences much on the appearance [2].

11.5  FUNCTIONAL EDIBLE COATINGS BASED ON CANDELILLA 
WAX SUPPLEMENTED WITH PHENOLIC ANTIOXIDANTS

Additives are used to impart mechanical, nutritional, and organoleptic 
properties to edible roofs [26], these may be of the plasticizer type (poly-
hydric alcohols, oils, fatty acids), surfactant, and emulsifier type (fats, 
oils, polyethylene glycol) chemical preservatives (benzóico acid, sodium 
benzoate, sorbic acid, potassium sorbate, propionic acid) [2], as well as 
antimicrobial agents, antioxidants, dyes, flavorings, and calcium as a 
firming agent of cell membranes, among others [26], can be applied to 
control and modify surface conditions, reducing some of the degrading 
reactions [27, 28]. The maintenance of microbial stability can be obtained 
using edible coatings with antimicrobial action and combined with refrig-
eration and controlled atmosphere. For fruits, waxes are usually used with 
the addition of sorbic acid and sorbates as antifungal [27, 28].

The influence of a given additive will depend on its concentration, 
chemical structure, the degree of dispersion in the film and the degree of 
interaction with the polymer [5]. Some chemicals and natural products are 
used as antioxidants or as microbicides; Ascorbic acid, citric, and lemon 
juice are used as antioxidants and salts of 5-acetyl-8-hydroxyquinoline 
or strong inorganic acids such as H2SO4 or H3PO4 are used as microbi-
cides with very good results. The use of these substances does not prevent 
or retard the maturation so, other methods should be used together for 
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this purpose, such as the application of gamma radiation that modifies 
the ripening time of the fruit according to its dose; However some defects 
have been detected, such as the darkening of the pulp becoming coffee or 
by contrast discoloration. Good results have been reported when radiation 
is less than 7 J/kg [29].

Zhang et al. [30] reported that the use of ascorbic acid, isoascorbic 
acid and acetyl cysteine reduced darkening in litchi. Buta et al. [31] used 
combinations of 4-hexylresorcinol, isoascorbic acid, CaCl2, and acetyl 
cysteine to reduce changes in apple slices. Luo et al. [32] controlled dark-
ening in apple slices using 4-hexylresorcinol mixed with ascorbic acid. 
Baldwin et al. [2] observed better protection with the addition of ascorbic 
acid in edible roofs. Ruiz-Cruz et al. [33] showed the positive effect of 
different antioxidants (independent and mixed) in inhibiting the darkening 
of cut fresh pineapple, because when antioxidants are used in combination 
with other technologies: treatments with heat, modified, and controlled 
atmospheres, edible covers, gamma radiation, and electromagnetic pulses 
the darkening in fruits is inhibited.

Saucedo-Pompa et al. [8] reported for the first time the use of gallic 
acid, ellagic acid and Aloe Vera in the formulation of an edible cover based 
on Candelilla wax, as anti-darkening additives of fruits, showing excellent 
results, even the controls with the cover without antioxidants were better 
compared with the fruits without edible cover [8]. The addition of ellagic 
acid and aloe vera as natural antioxidants to the edible Candelilla wax 
cover showed positive results when applied to fresh fruits, this due to the 
protective barrier that represents the cover of wax of candelilla as physical 
barrier of the coating, allowing greater control of gases, greater perme-
ability and therefore the better control in the respiration of the fruit and 
in turn the addition of antioxidants, they intervene inhibiting microbial 
growth, as well as the possibility of providing a benefit to the health of 
the consumer, due to the anti-cancer and anti-tumor properties that present 
this type of antioxidants [8]. Saucedo-Pompa et al. [9] reported that when 
applying the edible cover based on Candelilla wax with the addition of 
ellagic acid and aloe vera to freshly cut avocados decreases the aqueous 
activity of the fruit, these results indicate that for freshly cut fruits reduc-
tion in weight loss is very important and the use of edible covers carrying 
natural antioxidants is an excellent tool to control weight loss [22, 34, 35]. 
The apple slices with the edible covers with ellagic acid and aloe vera 
kept to a greater extent the initial firmness, these covers had a protective 
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effect on the firmness of freshly cut fruits. The texture of freshly cut fruits 
was improved with the application of edible Candelilla wax covers, these 
results are similar to those reported by Ghaouth et al. [36] who applied 
edible covers in tomato. Saucedo-Pompa et al. [9], reported antifungal 
properties of ellagic acid and Aloe Vera as part of the formulation of a 
candelilla wax-based edible cover which was applied in avocados, its 
functionality allowed to increase the resistance to the invasion of common 
phytopathogenic fungi and prolong its shelf life, improving the physical 
and chemical quality of the product. According to the results obtained by 
Saucedo-Pompa et al. [9], the concentration of antioxidant influences the 
speed of water loss, as it is directly proportional to the increase in the 
concentration of antioxidant.

At the beginning of the new millennium, a new era in the area of food 
and nutrition sciences has become increasingly intense: the area of food-
medicine interaction increasingly recognized as the “functional foods” 
that accepts the role of food components, as essential nutrients for the 
maintenance of life and health and as non-nutritional compounds but 
that contribute to prevent or retard the Chronic diseases of the ripe age. 
Initially regarded as a passing curiosity, the idea of food formulation based 
on health benefits that its non-nutritional components could provide to 
the consumer, it has become an area of great interest today for large food 
companies [37], so the addition of natural antioxidant additives from the 
group of phenols such as ellagic acid and aloe vera to an edible cover, 
they represent a viable alternative for the development of nutraceutical 
roofs and enter in the field of functional foods [8]. In addition to offering 
a novel and comfortable presentation for the consumption of antioxidants 
by consumers and the VES improve the quality of shelf life in fruits [8] 
and avoid losses, by the attack of microorganisms, this due to the anti-
fungal and antibacterial activity of the antioxidant additives [9].

11.6  PHENOLIC COMPOUNDS AS NATURAL ANTIOXIDANTS 
AND THEIR FUNCTIONAL ACTIVITY IN THE EDIBLE COATING

Phenols are also antioxidants and as such trap free radicals, preventing 
them from joining and damaging the molecules of deoxyribonucleic acid 
(DNA), a critical step in initiating carcinogenic processes, they also prevent 
lipid peroxidation, which, being free radicals can cause structural damage 
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to normal cells, interfering with the transport of molecules through these 
membranes affecting cell growth and proliferation [38]. These phytonutri-
ents, include a large group of compounds that have been subject to exten-
sive research as preventive agents of diseases, which protect plants against 
oxidative damage and carry the same function in the human organism, 
whose main characteristic is its ability to block the action of specific 
enzymes that cause inflammation, but also modify the metabolic steps of 
prostaglandins and thus protect the agglomeration of platelets, according 
to data obtained from experimental studies, it seems that there are some 
possible mechanisms for the action of phenols, inhibiting the activation of 
carcinogens and therefore block the initiation of the process of Carcinogen-
esis [39]. Phenolic compounds come from barks, stems, leaves, flowers, 
organic acids present in fruits and phytoalexins produced in plants [40], 
such as caffeic, chlorogenic, p-coumaric, hydroxicinnamic, cinnamic, 
ferulic, and quinic acids that are present in plants which are used as spices, 
these acids present antimicrobial activity so they can retard the rot of fruits 
and vegetables, in fact, it has been shown that tannins and tannic acid also 
present antimicrobial activity [40]. Antimicrobial additives can inactivate 
essential enzymes, reacting with the cell membrane or altering the function 
of the genetic material, it has been observed that the pH and temperature 
affect the antimicrobial activity of these compounds [41].

The antioxidant compounds prevent the negative effects of free radi-
cals on tissues and fats, reducing the risk of cardiac disturbances by 
avoiding the oxidation and cytotoxicity of LDL in vitro, decreasing the 
Aterogenicidad [42, 43]. Vitamins C, E, and β-carotene that prevent the 
oxidation of the LDL fraction of cholesterol, reduce the risk of coronary 
alterations, as well as possessing anti-cancer properties, whose protection 
measure consists of increasing the ingestion of fruits and vegetables, as 
well as foods containing antioxidant nutrients to protect from oxidation to 
LDL mentioned and thus avoid its oxidative modification and atherogenic 
formation [42].

Biomaterials such as Candelilla Wax have had a significant role in the 
coating of food, as it is a natural and biodegradable material, so it does 
not harm the environment besides being a natural safe-GRAS, generally 
Recognized as safe-recognized by the FDA, for its application in the food 
industry and can be used as an alternative in the elaboration of natural 
edible covers, reducing the use of synthetic polymers as derivatives of 
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petroleum, which, when discarded, present a slow degradation in the envi-
ronment compared with biomaterials, representing serious pollution prob-
lems. The edible wax covers of Candelilla, allow to control the respiration 
of the product, providing better permeability and texture, since it modifies 
the mechanical properties; Fulfilling the function of plasticizer. In addi-
tion, additives such as nutrients, dyes, antioxidants, antimicrobials can be 
added, which, as additives, make the edible cover a functional food.

At present, the realization of edible roofs is of lesser proportion 
compared with the elaboration of synthetic roofs, but the main advantage 
of edible covers made with biomaterial such as Candelilla wax, are easy to 
produce and quickly biodegradable, so it is a natural technique of conser-
vation of fresh fruits.

It is important to consider the elaboration and commercialization of 
edible candelilla wax covers with the addition of antioxidants such as 
ellagic acid and aloe vera for the conservation of fresh fruit products in 
post-harvest, since it will allow to extend its shelf life avoiding micro-
bial contamination, due to the antioxidant potential of ellagic acid and 
aloe vera, in addition to providing a benefit to the health of the consumer 
thanks to the anti-tumor characteristics, anticarcinogenic, and anti-cancer 
agents that present these antioxidants of natural origin.
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