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Chapter

Potential Natural Product from 
Tropical Fruits: A Mixture 
Young Coconut Fruit and Kaffir 
Lime Fruit as Immunonutrition 
for the Treatment of Sepsis by 
Lipopolysaccaride Escherichia coli 
(Infectious Disease)
Rahmayati Rusnedy

Abstract

The high number of cases reported of antibiotic resistance use and mortality 
due to gram-negative sepsis, triggered the development of natural agents to be used 
in the prevention and treatment of sepsis. Studies continue to be developed on the 
use of tropical fruits such as coconut fruit and kaffir lime fruit which contain high 
antioxidants and many potential compounds. Recent experimental data has proven 
that the high antioxidant activity found in the coconut fruit mixture, namely 
processed fruit flesh and coconut water and added kaffir lime juice, can be used 
as an immunonutrition agent that can improve body physiology and can increase 
the survival rate of test animals from endotoxemia lipopolysaccharide induced by 
Eschercia coli intraperitoneally. This chapter provides an overview of the potential 
of natural products that can be used as immunonutrition preparations. Finally, this 
provides information showing the importance of the intake of immunonutrition in 
conditions of sepsis infection.

Keywords: sepsis, natural product, immunonutrition, coconut fruit, kaffir lime

1. Introduction

Infectious diseases are diseases caused by the entry of one of four types of 
microbes, namely viruses, bacteria, protozoa or fungi that are harmful (pathogens). 
Of the millions of types of microbes that exist, only about 1,400 are pathogenic in 
humans, but critically only 150 have the ability to transmit from human to human 
and have the potential to cause epidemics [1].

Sepsis is a severe infection, and when the body is exposed to infection it will 
affect all organs of the body and many organs can affect it. Infection can come 
from the respiratory cavity, digestive tract, and wounds. When the human immune 
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system drops, the body cannot overcome the infection and the infection will circu-
late throughout the body so that our body will respond to inflammation to fight the 
bacteria cause death [2].

By definition, sepsis is divided into several conditions, namely bacteremia or 
fungimia, infection, sepsis, severe sepsis and septic shock [3]. Sepsis is divided 
into several stages based on the body’s response to infection, ranging from fever 
and leukocytosis to hypotension and impaired function of several organs [4]. 
Although almost any microorganism can be associated with sepsis and septic 
shock, the most common pathogenic etiologies are gram-positive bacteria (40%): 
Staphylococcus aureus, Streptococcus pneumoniae, Staphylococcus coagulase negative, 
and Enterococcus. Meanwhile, gram-negative bacteria (38%): Escherichia coli and 
Pseudomonas aeruginosa were the most frequently isolated bacteria in sepsis [3].

The biggest cause of sepsis is gram-negative bacteria (−) with a percentage of 
60–70% of cases being the main cause of death in intensive care units, although 
antibiotics are new, mortality due to gram-negative sepsis remains high. This is 
because gram-negative bacteria tend to be more resistant to antimicrobial agents 
than gram-positive bacteria, due to the additional protection provided by the outer 
membrane [5]. This is why antibiotic resistance is now a public health problem 
worldwide involving a broad spectrum of microorganisms and different classes of 
antibiotics, including multidrug-resistant bacteria [6]. Therefore, it is very impor-
tant to find new drugs to overcome this problem.

Sepsis infection produces various products that can stimulate immune cells. 
These cells will be stimulated to release inflammatory mediators. The product that 
plays an important role in sepsis is lipopolysaccharide (LPS). LPS or endotosin gly-
coprotein complex is the main component of the outer membrane of gram-negative 
bacteria. Lipopolysaccharides stimulate tissue inflammation, fever and shock in 
infected patients [7].

Sepsis is also defined as an irregular host response caused by infection and 
associated with severe microvascular, hemodynamic, metabolic, endocrine, and 
immune disorders, causing life-threatening organ dysfunction, characterized by a 
severe inflammatory response to systemic infection caused by pathogenic micro-
organisms. In severe cases, sepsis can lead to death with multiple organ failure as 
the main cause [7]. The catabolic response during acute sepsis severely depletes the 
body’s nutritional resources, generates large amounts of cellular waste products and 
is in dire need of adequate nutrition [8].

Sepsis is characterized by early massive catabolism, loss of lean body mass and 
increased hypermetabolism that lasts for months to years. Insufficient nutri-
tion and immune dysfunction did not have a synergistic effect on mortality in 
critically ill septic patients but it is expected that well-fed patients with normal 
immune function have the best chance of survival. Immunocompetent patients 
who are undernourished have the worst prognosis. Early nutrition should seek 
to correct micronutrient/vitamin deficiencies, provide adequate protein and 
moderate non-protein calories and well-nourished patients produce endogenous 
energy [9].

From a pathophysiological perspective, sepsis is often regarded as a syndrome 
that progresses from an initial inflammatory and hypermetabolic state to a more 
protracted state, characterized by lymphocyte exhaustion, apoptosis, and reduced 
capacity of monocytes and macrophages to release pro-inflammatory cytokines 
and trigger secondary infection [10] and cellular metabolic processes undergo 
fundamental changes without returning to normal homeostasis [11]. The degree of 
inflammation and immune suppression varies between individuals and is deter-
mined by host-(genetic heterogeneity, age, and comorbidities), pathogen-(burden, 
type, and virulence), and therapy-related factors (time, adequacy) [12].
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Since ancient times, humans have used plants to treat common infectious 
diseases and some of these traditional medicines are still included as part of the 
habit of treating various diseases. Chemicals from natural products facilitate a large 
number of several bioactive secondary metabolites that have been found to fight 
infectious diseases [1].

Natural products are secondary metabolites or chemical compounds produced 
by living organisms and which have bio-activity, can be useful against microbes 
originating from microorganisms that make secondary metabolites can be produced 
into drugs. The superiority of plants as a resource for the discovery of anti-infective 
drugs, and the latest technology allows a wider line of investigation. Natural plant 
products represent a promising and largely untapped source of new chemical 
 entities from which new anti-infectives can be discovered [13].

2. Immunonutrition for infectius disease and sepsis

The natural defenses of the human body depend on the integrity of the immune 
system which is responsible for curbing the course of pathogens and their complica-
tions. The immune system is divided into two types, innate and adaptive, each of 
which is responsible for responding to initial and repeated infections. Both types of 
immune systems rely on the use of mediators such as enzymes, pro-inflammatory 
cytokines, antibodies, and reactive oxygen and nitrogen species to combat many 
disease processes. The synthesis and functionality of these mediators depend on the 
individual immunonutrient components [14].

Immunonutrition is the term given to nutritional interventions that regulate 
immune and inflammatory responses. This is done by administering a formula 
containing a range of immunonutrients in greater amounts than is normally found 
in food. Some of the more commonly used immunonutrients include arginine, 
glutamine, branched-chain amino acids, omega-3, 6 and 9 fatty acids, trace metals 
(eg zinc, copper, iron), and nucleotides or antioxidants [15, 16]. The main targets 
of these immunonutrients involve mucosal barrier function, cellular defenses, and 
local or systemic inflammation [17].

Previous research has shown a close relationship between nutritional deficien-
cies and impaired immune function. The correlation between malnutrition and 
infection is particularly pronounced in less immunocompetent groups, such as 
young children and the elderly, who are prone to higher rates of respiratory and gas-
trointestinal diseases. One study determined that enteral glutamine administration 
reduced the incidence of moderate to severe sepsis and pneumonia in premature 
infants and critically ill patients. Other studies have shown that zinc supplementa-
tion at physiological levels for 1–2 months enhances immune response, decreases 
the incidence of infection, and ultimately improves survival [14].

In contrast, patients who have undergone surgery, trauma, or infection may 
experience the deleterious effects of a prolonged systemic inflammatory response 
because of the greater need for metabolic and essential nutrients. They may even 
experience compensatory immunosuppression as a result of chronic inflammation 
[4]. Many studies have shown that various combinations of immunonutrients can 
provide appropriate metabolic support for patients experiencing complications 
from malnutrition associated with illness, while effectively reducing infection rates 
and length of hospital stay. In addition, other immunonutrients such as proteins, 
vitamins, trace metals, and enzymes exhibit antioxidant properties that limit the 
extent of tissue damage and reduce the possibility of carcinogenesis [14, 18].

Nutritional therapy refers to the administration of nutrients with certain 
beneficial actions (eg for antioxidant effects) specifically aimed at immune defense 
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mechanisms and to inhibit excessive proinflammatory responses during the 
catabolic phase of a disease [19, 20]. Future research on immunonutrition should 
be multidisciplinary and on a larger scale to further validate the great benefits of 
immunonutrition, while providing data on optimal mixes and doses for use in dif-
ferent groups of patients [17, 21, 22].

Immunonutrition therapy is an effort to reduce or eliminate potential pathogens 
and toxins, fulfill nutritional intake and act as antioxidants that can modulate 
natural and adaptive immune defense mechanisms in patients with critical ill-
nesses such as sepsis. The concept of nutritional support in an effort to modulate 
immune function is known as immunonutrition (Immune-enhancing diets or 
Immuno-modulating diets) which is a therapeutic approach to pathological changes 
in adaptive and natural immunity, which arise secondary to inflammation and 
systemic infection through the administration of immunonutrients [23, 24]. The 
most relevant nutritional therapy in septic patients is the intake of the amino acids 
glutamine and arginine, fatty acids, selenium, and vitamin C [8].

Micronutrients are nutrients that the body needs to carry out body functions. 
The amount is less than 100% g per day and consists of vitamins and minerals. 
It cannot be synthesized in the body. Research in the United States states that 
the prevalence of sepsis tends to increase by 8.7% every year. In sepsis, nutrition 
is one of the important components that can promote the success of treatment. 
Micronutrients, especially fat-soluble vitamins, are toxic if the amount exceeds the 
body’s ability to accept them. Although there are guidelines and mutual agreement 
on the use of sepsis, it is still necessary to pay attention to micronutrients that have 
the potential to have adverse effects. In the case of sepsis, micronutrients also deter-
mine the success of treatment because of the redistribution of vitamins and trace 
elements from circulation to tissues that play a role in protein formation and the 
immune system. Micronutrient supplementation is considered to reduce mortality. 
However, the toxicity of fat-soluble micronutrients still needs to be watched out for 
if the dose is excessive [25].

The role of micronutrients in metabolic processes is to maintain the function 
of body tissues. Hypermetabolism causes an increase in the production of Reactive 
Oxygen Species (ROS) as a result of an increase in oxidative metabolism that can 
damage cells, especially unsaturated fatty acids found in cell membranes and 
nucleus. Micronutrients also play a role in helping the body neutralize the negative 
effects of free radicals [26].

3.  Young coconut fruit and kaffir lime fruit as immunonutrition for the 
treatment of sepsis by Lipopolysaccaride Escherichia coli (infectious 
disease) through antioxidant activity

Young hybrid coconut (Cocus nucifera L.) and kaffir lime (Citrus hystrix) 
contain antioxidant compounds that are used as immunonutrient agents. A study 
has been conducted on a test dosage form of 100 mg/kgbw/day made from a 
mixture of young coconuts with a concentration of 20% flesh with added coconut 
water and 1 ml of kaffir lime juice, assessed as having the potential to be developed 
as an immunonutrient agent in sepsis in mice. White male induced sepsis with 
Escherichia coli Lipopolysaccharide through the antioxidant activity of the phyto-
nutrients contained in the test preparation. Based on the antioxidant activity test 
of the preparations KJ1, KJ2 and KJ3, which are test preparations added with 1 ml 
of kaffir lime juice, it turns out to be able to increase the antioxidant activity of the 
preparations when compared to preparations that are not given additional kaffir 
lime juice, namely preparations K1, K2 and K3. This is closely related because of the 
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effect of adding kaffir lime to the process of inhibiting rancidity or rancidity. The 
test preparation was KJ1 from 15% young coconut flesh with coconut water and 1 ml 
of kaffir lime juice was added. KJ2 of young coconut flesh 20% with coconut water 
and added 1 ml of kaffir lime juice. KJ3 from young coconut flesh 25% with coconut 
water and added 1 ml of kaffir lime juice. Next K1 of young coconut flesh 15% with 
coconut water. K2 of young coconut flesh 20% with coconut water. K3 from young 
coconut flesh 25% with coconut water [27].

The rancidity of processed coconut meat can be overcome by adding ingredients 
that contain antioxidants, one of which is kaffir lime juice. The effect of the addi-
tion of kaffir lime (Citrus hystrix) on the process of inhibiting rancidity or rancid-
ity arising from the oxidation of unsaturated fatty acids contained in processed 
coconut meat [28].

The presence of antioxidant content in the test preparation of a mixture of meat 
and coconut water with the addition of kaffir lime juice is thought to act as a cofac-
tor that plays a role in the immune response, especially as an enzyme catalyst and 
antioxidant [8].

Antioxidants play an important role in minimizing cellular damage due to 
increased production of reactive oxygen and nitrogen species (eg, oxidative stress). 
Antioxidant defense systems include enzymes (e.g., superoxide dismutase, glutathi-
one peroxidase), trace elements (e.g., selenium, zinc), vitamins (e.g., vitamins C, E, 
beta-carotene), sulfhydryl group donors (e.g., glutathione), and glutamine. Critical 
illness is associated with deficits in circulating antioxidants due to sepsis-induced 
redistribution from blood to tissues and decreased nutrient intake [29].

The resulting decrease in antioxidant potential increases cellular oxidative injury 
(particularly lipid peroxidation). A number of clinical studies have explored the 
potential benefits of supplementation with antioxidants. Combinations and doses 
of single antioxidants vary widely. Heyland et al. conducted a meta-analysis of 
clinical studies of trace elements and vitamin supplements in critically ill patients. 
They concluded that trace elements and vitamins that support antioxidant func-
tion, particularly high doses of selenium (either alone or in combination with other 
antioxidants), are safe and may be associated with reduced mortality. However, the 
optimal combination and dose of micronutrients remains to be determined [30].

4. Coconut fruit (Cocus nucifera L.)

Exploration of the potential wealth of crops in all respects one of which is coco-
nut. The coconut, Cocos nucifera L., is a cultivated tree for its various uses, primarily 
for its nutritional and medicinal values. In addition, coconut is an environmentally 
friendly plant that allows coexistence with multi-species plants. This enriches soil 
fertility and is quite suitable for organic farming if the crop is grown in suitable 
inter-spaces. Due to its various uses in the present and the future, this plant has very 
bright potential.

The versatile coconut tree is a source of various chemical compounds that are 
responsible for various activities, especially activities for treatment or health. 
Recently, modern medicinal research has confirmed the many health benefits of 
various coconut products in various forms. Therefore, extensive investigations are 
needed to exploit its therapeutic uses for fighting disease. A drug development pro-
gram must be carried out to develop modern drugs with their compounds isolated 
from coconut. Modern drugs need to be developed after extensive investigation of 
their bioactivity, mechanism of action, pharmacotherapy, after standardization 
and appropriate clinical trials. As the global scenario changes towards the use of 
non-toxic plant products used for traditional medicine, the development of modern 
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medicines from Cocus nucifera must be emphasized for the control of various 
diseases. Coconut that absorbs extraordinary potential needs special attention from 
its scientific fraternity to emerge as a milestone in the medical science history of 
this millennium because of its various medicinal uses. Further evaluation needs 
to be carried out on C. nucifera to explore hidden areas and their practical clinical 
applications, which can be used for the welfare of mankind.

Coconut (Cocos nucifera L.,) is a cultivated tree for its various uses, mainly for its 
nutritional and medicinal value. Various coconut products include young coconut 
water, copra, coconut oil, raw kernel, coconut cake, coconut shell, coconut shell 
and products made from wood, coconut leaves, coir pith and others. All parts of the 
coconut can be used in the daily life of people in traditional coconut growing areas. 
It is a unique source of various natural products for the development of medicines 
against various diseases and also for the development of industrial products. The 
fruit parts such as coconut hump and young coconut water have various medicinal 
properties such as antibacterial, antifungal, antiviral, antiparasitic, antidermato-
phyte, antioxidant, hypoglycemic, hepatoprotective, immunostimulant. Coconut 
water and coconut kernels contain microminerals and nutrients that are important 
for human health, therefore coconuts are used as food by people around the world, 
especially in tropical countries [31].

Coconut (Cocos nucifera L.) is a plant that is commonly found in tropical 
areas, especially Indonesia. Green coconut water, which is technically endosperm 
fluid, is formed in small amounts in the third month of seed development and 
reaches the highest amount in the eighth month and decreases after the seeds have 
matured [32].

Young coconut fruit is one of the unique tropical plant products because in addi-
tion to the flesh component that can be consumed directly, the fruit water compo-
nent can also be drunk directly without going through processing. This uniqueness 
is supported by the physical properties and chemical composition of coconut meat 
and water, so that this product is very popular with consumers, both children and 
adults. In addition to having high economic value, young coconut fruit has a fairly 
good nutritional composition, including fatty acids and essential amino acids that 
are needed by the body. Meanwhile, coconut water, apart from being a fresh drink, 
also contains various minerals, vitamins and sugars as well as essential amino 
acids so that it can be categorized as a highly nutritious soft drink and can cure 
various diseases. However, for some consumers, consuming coconut water is only 
considered as a drink to relieve thirst. While the flesh is only as a complement after 
drinking the water. Compared to other soft drinks, coconut water which contains 
good nutrition can be categorized as a highly nutritious, hygienic and natural drink 
and has been proven to cure various diseases [33].

Coconut water contains macronutrients in the form of carbohydrates, fats 
and proteins as well as micronutrients in the form of vitamins and minerals. The 
vitamins contained in coconut water are vitamin B (B1, B2, B3, B5, B7, B9 and B12) 
and vitamin C and Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca) 
and Magnesium (Mg), whose levels decrease during maturity [34].

Coconut fruit (Cocos nucifera L.) contains high concentrations of polyphenols, 
and health-promoting phytonutrients. The content of components of phenolic 
compounds that are antioxidants (vitamin E from the monophenol group and 
phenolic acid from the polyphenol group) [35].

Young coconut flesh has a high nutritional composition, including fatty acids 
and essential amino acids that are needed by the body. While coconut water con-
tains a variety of minerals, vitamins and sugars as well as essential amino acids, 
high nutritional value. Young coconuts contain amino acid components such as 
Glutamate (GLU) 14.50%; 4.02% of water and young coconut flesh, Arginine 
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(ARG) 12.75%; 2% of water and young coconut flesh, lauric acid 31.10% of young 
coconut flesh and vitamin C 2.2–3.4 mg/100 ml of young coconut water [33].

Barlina [36] has conducted research on the addition of young coconut meat (B1) 
15%, (B2) 20% and (B3) 25% in the preparation of coconut drink powder. In addi-
tion, young coconut water is an endosperm fluid which is an excellent natural soft 
drink. It has a calorific value of 17.4/100 g. Coconut water contains B vitamins namely 
nicotinic acid B3 (0.64 g/mL), pantothenic acid B5 (0.52 g/mL), biotin (0.02 g/mL), 
riboflavin B2 (<0.01 g/mL).), folic acid (0.003 g/mL), trace amounts of thiamine 
B1 and pyridoxine B6 [37]. In addition, coconut water contains sugar, sugar alcohol, 
vitamin C, folic acid, free amino acids, phytohormones (auxin, 1, 3-diphenylurea, 
cytokinins), enzymes (acid phosphatase, catalase, dehydrogenase, diastase, peroxi-
dase, RNA polymerase) and growth driving factor [38].

Coconut water, also known as coconut juice, is a natural refreshing drink com-
mon in the tropics [31, 39, 40], serving as a suspension of the coconut endosperm 
during the core phase of its development. Then, the endosperm matures and settles 
on the coconut shell during the cellular phase. Mature fruit has much less liquid 
than immature young coconuts. The health benefits of coconut water include: 
boosting the immune system, detoxifying and fighting viruses and helping cleanse 
the digestive tract [41]. The water from this coconut is a clear, colorless, sweet, 
natural drink that has a slightly sour taste. Decades of research has shown that 
coconut water is a rich source of nutrients, including essential amino acids (lysine, 
leucine, cystine, phenylalanine, tyrosine, histidine, and tryptophan), palmitic and 
oleic acids, vitamins and minerals [40–43]. Other minerals such as iron, zinc, cop-
per and manganese are available at adequate levels [41, 44].

The free amino acid, L-arginine (30 mg/dL) is present in young coconut water 
which significantly reduces the formation of free radicals. Young coconut water also 
contains vitamin C (15 mg/100 mL) which significantly reduces lipid peroxidation 
when exposed to rats [45].

Young coconut water contains electrolytes that are very rich in inorganic ions 
such as K (290 mg%), Na (42 mg%), Ca (44 mg%), Mg (10 mg%), P (9.2 mg%) 
and others [46]. The concentration of these electrolytes in young coconut water 
produces an osmotic pressure similar to that observed in blood [9] and does 
not affect plasma coagulation. The high amount of K in coconut water has been 
reported to lower blood pressure [45]. The ethanolic extract of C. nucifera endocarp 
was found to have vasorelaxant and antihypertensive effects, via the production of 
nitric oxide in an endothelial-dependent concentration and manner, due to direct 
activation of the nitric oxide/guanylate cyclase pathway, stimulation of muscarinic 
receptors and/or via the cyclooxygenase pathway [47].

Young coconut water has many medicinal properties, according to Effiong et al 
[47], including a good drink for cholera patients because of its salt and albumen 
content; check for urinary tract infections, and diarrhea. The most abundant and 
powerful medium-chain saturated fatty acid (MCFA) in coconut is lauric acid, 
which accounts for nearly 50% of coconut fat content. MCFA and its derivatives 
such as monoglycerides (MG) found in coconut are effective in destroying a wide 
variety of lipid-coated bacteria by destroying their lipid membranes. For example, 
it is effective against bacteria that can cause heartburn, sinusitis, cavities, food 
poisoning, and urinary tract infections. Monoglycerides, particularly Monolaurin, 
have been used to protect the composition of intravenously adjustable oil-in-water 
emulsions against the growth of Escherechia coli (E. coli), Pseudomonas aeruginosa 
(P. aeruginosa), Staphylococcus aureus (S. aureus) and Candida albicans (C. aeru-
ginosa). albicans). The 1.25 mM monolaurin emulsion in citrate-lactate buffer at 
pH 4 to 5 resulted in a > 6 to 7-log10 reduction in the number of Salmonella spp. 
and E. coli within 10 minutes [48]. Lauric acid, which is also present in breast milk, 
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helps protect nursing infants from harmful pathogens [49], as contained in many 
other important medicinal plants which have antibacterial properties [50, 51]. C. 
nucifera is also very good against different pathogenic bacteria that cause several 
life-threatening infections in humans [52].

5. Kaffir lime fruit (Citrus Hystric DC.)

Antioxidant production is a control mechanism of the tissue to balance the 
concentration of ROS. Endogenous antioxidants such as glutathione, pyruvate, and 
lycopene are produced by the body to deal with the effects of oxidative stress. If the 
concentration of endogenous antioxidants is insufficient or unbalanced, exogenous 
antioxidants need the help of exogenous antioxidants. Exogenous antioxidants can 
be obtained from various sources such as synthetic antioxidants (vitamin E and 
Vitamin C) and natural antioxidants derived from plants [53].

Kaffir lime (Citrus hystrix) is a plant that grows in Indonesia, Malaysia, and 
Thailand. Citronelal, a monoterpenoid compound that has strong antioxidant activ-
ity so that it can be used as an alternative to exogenous antioxidants [54].

Kaffir lime is a fruit that is known to the public as a food source and used as 
herbal medicine with very high antioxidant activity, so it is widely used in daily 
needs [55]. Plants of the Citrus genus are known to be rich in polyphenols [56], 
considered to be one of the antioxidant resources containing sufficient amounts 
of ascorbic acid/vitamin C, tocopherols, flavonoids, −carotene and other phenolic 
compounds [57–60]. Polyphenols and flavonoids are good electron donors with 
their antioxidant power varies from one compound to another [61, 62].

6. Nutrition related to immune function

Along with the development of science and technology, nutrients that are 
known to have immunomodulating effects are prebiotics, proteins/amino acids, 
fats/fatty acids, vitamins and minerals.

6.1  Protein amino acids related to immune function contained in coconut fruit 
for the treatment of infectious diseases and sepsis

The protein contained in the flesh of young coconuts contains 15 types of amino 
acids, 10 of which include essential amino acids. The ten essential amino acids are 
threonine (THR), tyrosine (TYR), methionine (MET), valine (VAL), phenylala-
mine (PHE), ileucine (ILE), leucine (LEU), lysine (LYS), histidine (HIS). and 
arginine (ARG). HIS and ARG are not essential for adults, but essential for children. 
In addition, the amino acid content of Glutamate (GLU) in all types of coconut 
ranged from 3.59–4.02%, which was the highest compared to other types of amino 
acids. Thus, consuming young coconut flesh in addition to being able to fulfill some 
of the essential amino acid needs while at the same time obtaining GLU amino acids 
where these amino acids are important nutrients in infectious conditions [33].

Glutamine (GLU) has many roles in the immune system. Glutamine supplemen-
tation has been reported to have multiple benefits, including increasing nitrogen 
retention and reducing muscle cell mass loss, enhancing immune function, thereby 
reducing the risk of infection and maintaining organ glutamine. Glutamine is an 
essential nutrient for enterocytes and immune cells through its antioxidant and 
cytoprotective effects. Glutamine maintains the protective function of the gut, 
provides antioxidant and cytoprotective effects, stimulates nucleotide synthesis, 
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maintains the killing of neutrophil bacteria, and increases the proliferation and 
secretion of lymphocytes and macrophages. Intense immune activity and/or 
hypercatabolism, as occurs in burns, trauma and sepsis, is associated with increased 
glutamine consumption and a drastic decrease in plasma glutamine concentrations. 
Loss of glutamine concentration during the body’s defense processes can lead to 
severe impairment of immune function. Hypoglutaminemia is an independent 
predictor of mortality and/or poor clinical outcome in critically ill patients [63, 64].

Glutamine is the most common free amino acid in the body with various involve-
ments in gluconeogenesis, ammoniagenesis in the kidney, and the integrity of the 
intestinal mucosa. Glutamine is also conditionally important during catabolic condi-
tions as it provides oxidative energy for cell division, increases antioxidant produc-
tion, and acts as a major fuel for intestinal cells and the immune system [17, 65].

Glutamine supplementation has been shown to have multiple benefits, including 
increasing nitrogen retention and reducing muscle mass loss, maintaining the per-
meability and structure of the gastrointestinal mucosa, enhancing immune function 
thereby reducing the risk of infection and maintaining organ glutamine [66, 67].

Sepsis is accompanied by increased consumption, impaired synthesis, and 
decreased supply of the semi-essential amino acid arginine. This state of arginine 
deficiency impairs immune homeostasis and increases the risk of nosocomial 
infections. L-arginine supplementation is thought to contribute to restoring physi-
ological processes such as its role for protein synthesis, organ perfusion, and wound 
healing in septic patients [68].

Meanwhile, arginine is an essential amino acid which during pathophysiological 
stress such as sepsis and trauma, its synthesis decreases. The immunomodulatory 
effect of arginine lies in increasing the function of B and T lymphocytes and their 
macrophages. Arginine is also involved in many anabolic processes involved in 
wound growth and healing, as it participates in connective tissue synthesis, changes 
in blood flow, and angiogenesis [16, 65].

Arginine can stimulate the release of growth hormone, prolactin, and insulin, as 
well as increase the number of T cells and improve T cell function. During catabolic 
disease serum arginine levels decrease due to reduced food intake, increased uptake 
in the endothelium, liver, and intestines and increased metabolism [69]. In addi-
tion, increased arginase expression leads to arginine depletion and decreased T 
cell activation and immunocompetence, and an increased risk of infection. So it is 
hypothesized that arginine supplementation can inhibit arginase and prevent these 
negative symptoms [70].

6.2  Fatty acids related to immune function contained in coconut fruit for the 
treatment of infectious diseases and sepsis

Clinical trials have shown that unsaturated fatty acids can be considered as 
powerful disease-modifying nutrients in patients with acute lung injury and 
sepsis [71, 72]. In particular, feeding with polyunsaturated fatty acids (PUFA), 
eicosapentaenoic acid (EPA), and docasahexaenoic acid (DHA) has been found 
to attenuate the production of various cytokines, chemokines, and other effectors 
[73]. Moreover, the recent discovery of resolvin produced by EPA and DHA has 
shed more light on the resolution of inflammation, as a possible mechanism of the 
anti-inflammatory action of the 3 PUFAs during systemic inflammation [74].

To determine the fat quality of young coconut flesh, Rindengan et al. [75] have 
analyzed the fatty acid and amino acid composition of young coconut flesh. In 
addition, young coconut flesh contains carbohydrates, crude fiber, galactomannan, 
phospholipids and a number of macro and micro minerals. Coconut fruit contains 
unsaturated fatty acids (ALT) oleic or omega 9 and essential ALTJ linoleic or omega 
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6. In general, products on the market such as formula milk include the weight of the 
two types of fatty acids. Omega 9 and omega 6 fatty acids occur naturally in several 
types of plant foods [75]. Omega 6 is one type of essential fatty acid that must be 
obtained from food because it cannot be metabolized in the body. In the body, 
omega 6 will be metabolized into arachidonic acid (AA). AA and linoleic (omega 
6) ranks 2nd and 3rd of the four types of fatty acids that support brain intelligence. 
Docosahexanoic acid (Docosahexaenoic acid, DHA) is in first place and linolenic 
acid (omega 3) is fourth. Linolenic acid is an essential that must be obtained from 
food and in the body will be metabolized into DHA [76].

Given the high content of omega 9 and omega 6 fatty acids in young coconut 
meat, young coconuts can be an alternative to meet the needs of these two types 
of fatty acids. Seeing the nutritional potential that is also contained in the flesh of 
young coconuts, it is better not only to consume coconut water but together with 
coconut meat. Omega 6 essential unsaturated fatty acids (ALTJ) (linoleic) are clas-
sified as double ALTJ (Polyunsaturated fatty acids, PUFAs) [33].

6.3  Vitamins, Carotenoids and Flavonoids related to immune function 
contained in coconuts for the treatment of infectious diseases and sepsis

6.3.1 Vitamin B

Vitamin B12, vitamin B6, folic acid and niacin are B vitamins that are beneficial 
for the immune system. Vitamin B6 contributes in the proliferation of lymphocytes, 
the formation of lymphoid tissue and in the antibody response. Vitamin B12 plays 
a role in augmenting the performance of phagocytes and T cell proliferation. Folic 
acid together with vitamin B12 can affect Natural Killer cells [24, 77, 78].

6.3.2 Vitamin C

Vitamin C is an enzyme catalyst and antioxidant. In addition, vitamin C is 
a regulator of immune cell activation to maintain the viability of immune cells. 
Vitamin C functions in the synthesis of nitric oxide produced by macrophages, 
regulates phagocytosis by reducing free radical production and increasing the activ-
ity of immune cells (natural killer) [79].

Vitamin C has important vascular protective effects by inhibiting oxidative 
stress, modulating intracellular signaling pathways, and maintaining homeostatic 
nitricoxide levels [80]. Vitamin C is also an important cofactor for the production 
of endogenous norepinephrine, epinephrine, and vasopressin [81]. Septic patients 
usually have very low or undetectable serum vitamin C levels [82].

Vitamin C can reduce the expression of iNOS ascorbate and can overcome radi-
cals produced by the immune system. Ascorbate also reduces or prevents endotoxin 
translocation from the gut and is directly bactericidal, and can increase circulating 
GSH concentrations in the liver. Ascorbate also prevents the reduction of enzymes 
in the liver and is responsible for endotoxin clearance [26]. In a study conducted by 
Crimi et al., administration of high doses of vitamin C and vitamin E can reduce 
mortality by 67.5% to 45.7% [83].

6.3.3 Vitamin E

Vitamin E (tocotrienol or -tocopherol) is a powerful antioxidant that can assist 
monocyte/macrophage-mediated immune responses and IL-2 [79]. Vitamin E and 
other antioxidants increase CD4 cells. Vitamin E inhibits the synthesis of prostaglan-
dins produced in cells after membrane oxidation, prevents fatty acid peroxidation 
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and is an immunoregulator of arachidonic acid metabolism through the synthesis of 
prostaglandins and leukotrienes. Vitamin E also affects T cells, B cells and monocytes 
and regulates the response of the cyclic element AMP that binds to protein [84].

6.3.4 Carotenoids and flavonoids

Supplementation of carotenoids and flavonoids causes an immunostimulator 
effect in the form of an increase in Th cells and NK cells, IL-2 receptors. Research 
has shown the ability of carotenoids to influence the production of cytokines, 
namely TNF alpha and IL-1, and T cell proliferation, as well as flavonoids to influ-
ence inflammation, cytokine production, lymphocyte and granuloside production 
through mechanisms of protection against free radicals, regulation of NO and 
arachidonic acid metabolism [85].

6.4  Minerals related to immune function contained in coconut fruit for the 
treatment of infectious diseases and sepsis

6.4.1 Zinc (Zn)

Zinc is an important component in the regulation of gene expression through its 
role in gene transcription, division, differentiation, and cell apoptosis [86]. Zinc in 
the immune system plays a role in mechanical barriers (the structure and function of 
the gastrointestinal epithelium), as an antioxidant, in thymid kinase activity (plays a 
role in the proliferation of lymphoid cells), thiomulin and increases IgAs [87, 88].

Zinc is a co-factor of more than 200 enzymes that play a role in the immune 
system. It is very important for the wound healing process, regenerate new cells and 
balance acid base. Zinc has a very important role for the immune system, oxidative 
stress response, wound healing process and protective homeostasis. Symptoms of 
zinc deficiency and sepsis are difficult to distinguish. Several enzymes that play a 
role in regulating oxidant defense, including SOD, catalase, and glutathione reduc-
tase, depend on normal zinc conditions. It is suitable because in sepsis there is a 
decrease in the detoxification capacity of ROS [88].

6.4.2 Selenium (Se)

Selenium is a component of selenoproteins with antioxidant, anti-inflammatory 
and immunomodulatory properties. Low selenium concentrations in patients 
with systemic inflammation or sepsis are associated with impaired neutrophil and 
macrophage function and decreased antioxidant defenses. The effect of selenium 
treatment may depend on dose, route of administration, combination with other 
nutrients, and the patient population studied [89].

Selenium has an antioxidant function through the activity of the enzyme glu-
tathione peroxidase which protects cell membranes and organelles from peroxide 
damage and has a synergistic effect with vitamins C and E. In addition, selenopro-
teins (selenium derivatives) are components of the body’s defenses that affect the 
function of neutrophils, macrophages, NK cells and lymphocytes T [79].

6.4.3 Copper (Cu)

Sepsis is often accompanied by acidosis and the release of cupric ions from 
ceruloplasmin and other proteins. With increased oxygen demand that is not 
accompanied by oxygen availability causes ischemia and acidosis in early sepsis and 
the release of cupric ions [90].
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Copper is an essential trace mineral necessary for survival. It is found in all body 
tissues and plays a role in making red blood cells and maintaining nerve cells and 
the immune system. Copper may also have an antioxidant function. It may help 
reduce the production of free radicals [91].

Copper is an important component of several enzymes such as superoxide dis-
mutase (SOD), cytochrome oxidase and several coenzymes. Necessary for hemoglo-
bin formation, antioxidant effect, immune function and collagen synthesis. Copper 
consumption is limited for patients with liver failure and cholestasis because it is 
excreted through the gallbladder and will cause poisoning if it accumulates [92].

6.4.4 Iron (Fe)

Iron affects the function of lymphocytes and macrophages, which is related to its 
role as a cofactor for enzymes in various processes. Lymphocyte activation requires 
iron because iron plays an important role in the work of several enzymes including 
nucleotide reductase which is involved in DNA synthesis. Iron uptake is regulated 
by transferrin mRNA receptors by binding to iron regulatory proteins (IRPs). In the 
state of iron deficiency, transferrin only binds a small amount of iron which will 
interfere with proliferation, on the contrary, in iron overload, transferrin saturation 
will increase and will inhibit lymphocyte proliferation [93].

In sepsis, the decrease in iron concentration occurs because of increased perme-
ability so that transferrin moves from the intravascular to the interstitial fluid. The 
increase in ferritin production in the liver is caused by the induction of IL-6 so that 
more Fe is stored in the liver. In sepsis, hepcidin production is increased and will 
inhibit Fe transport [94]. Neutrophils and macrophages require Fe for phagocytosis 
and the formation of oxygen intermediates which are toxic in killing bacteria. The 
reduction of nitroblue tetrazolium and hydrogen peroxide to neutrophils and mac-
rophages is decreased in the presence of iron deficiency. Iron also plays a role in the 
Crebs cycle as an essential source of energy. Several enzymes such as glutathione, 
peroxidase, catalase and dehydrogenase require iron as a free radical scavenger [95, 
96]. Increased venous permeability causes leakage of transferrin into the interstitial 
fluid. Iron stimulates bacterial growth because of its role as an essential nutrient 
for bacterial growth [94]. Polymorphonuclear (PMN) releases lactoferrin through 
the inflammatory process and bends iron which is then processed by macrophages. 
Neutrophils and macrophages need iron for phagocytosis and killing bacteria. 
Otherwise, excessive iron can decrease the ability of macrophages to carry out 
phagocytosis. This happens because the production of free radicals is increasing and 
damaging the lipid peroxidase contained in the phagosome membrane. Iron is also a 
growth factor for some bacteria and promotes overall proliferation in vivo [96].

7. Conclusions

An immunonutrient test preparation containing 20% young coconut flesh in 
coconut water and added kaffir lime juice has a very strong antioxidant activity 
influenced by the components found in coconut fruit (Cocos nucifera L.,) namely 
a component of a mixture of phytonutrients that can be used as immunonutrient 
agents in sepsis caused by Lipopolysaccaride Escherichia coli through antioxidant 
activity. The addition of kaffir lime juice can inhibit rancidity or rancidity aris-
ing from the oxidation of unsaturated fatty acids contained in processed coconut 
meat so as to maintain the stability of the components of the active compounds 
contained in processed coconuts so that these preparations can provide good treat-
ment results.
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