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Abstract— Currently, obesity is considered an epidemic
due to the disruptions it causes to health, highlighting the
incensement in cardiovascular diseases associated with
cholesterol and low-density lipoprotein (LDL) high
concentrations. However, cholesterol is also involved in
various metabolic and structural functions vital to human
biology. This homeostasis can be modified by external
factors such as medications or by internal factors such as
diseases or metabolic changes generated by the type of
diet at which each person is exposed.In this sense, the
research points to the knowledge of functional foods,
which provide beneficial health effects and prevent the
risk of disease. It has been reported that
hypocholesterolemic type bioactive peptides obtained by
enzymatic hydrolysis of various seeds such as soybeans,
rice and sunflower. A similar effect is observed with
unsaturated fatty acids, which have antithrombotic and
antiarrhythmic effects, prevent atherosclerosis, contribute
to decrease blood pressure and reduce the concentration
of triglycerides, total cholesterol and lipoproteins of very
low-density lipoprotein (VLDL) in plasma. Therefore,
these compounds incorporated in foods are considered
functional, since its bioactive potential could be used to
prevent cardiovascular disease.
Keywords— cholesterol,
hypocholesterolemic.

functional foods,

l. INTRODUCTION
Obesity is a chronic disease originated by varicasses
and with numerous complications, characterized dgyb
fat excess that threatens the health of the indalidlts
growth isconsidered a risk worldwide, an epidentic.
2013, the obesity in men was 36.9% and 38% in wdmen
In 2030, the number of obesity people will increas&73
million?. Also, obesity carries high concentrations ofltota
cholesterol and of the one found in the low-density
lipoproteins (LDL), which are strongly associatedvwa
risk increment in cardiovascular diseases, forréson a
reduction in total cholesterol and LDL in
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hypercholesterolemic individuals reduces the inoigeof
these diseasgs

Il. CHOLESTEROL AND ITSMETABOLISM
Cholesterol is involved in various metabolic and
structural processes that are vital to human bioldtp
homeostasis is strict and controlled differentiallynder
physiological conditions, the organism obtains ektgrol
from the diet (daily intake), the absorption ratel acell
synthesis. The average daily intake provides 30D+&0,
the bile of 800 to 1200 mg and the epithelium of th
intestinal mucosa contributes with 300 mg per deye
average rate of absorption of cholesterol in thesitne,
specifically in the duodenum and jejunum, indivillypia
varies between 30 and 789t plasma level, cholesterol
levels are regulated by the endogenous synthesis,
secretion and catabolism of several plasma lipejmst
It is noteworthy that the liver contributes with%®f the
overall input of cholesterol and is the organ thaintains
homeostasis by five mechanisms: a) By the 3-hydfxy
methyl-glutaryl coenzyme A reductase (HMGCo0AR); b)
The consumption through low-density lipoprotein
receptors (LDLr), c) The release of lipoproteinstime
blood, d) The esterification and storage, e) The
degradation/conversion into bile séftslowever, this
homeostasis can be modified by external factor sisc
medications or by internal factors such as diseases
metabolic changes.

In the enterocyte, approximately half of the chtded
molecules are introduced into the endoplasmic uktio
(ER), where this biomolecule is esterified by the
corresponding acyltransferase (ACAT) before its
incorporation into the nascent
chylomicrorf.Chylomicrons release triglycerides to
peripheral tissues by the hydrolysis of lipoprotipase
(LPL) through vascular pathway and its abundant in
cholesterol remnants are taken up by hepatocytethéo
synthesis of bile acid or are incorporated intoyviemv-
density lipoproteins (VLDL), which are releasedoithe
systemic circulation. VLDL are also assembled ie th
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liver and they distribute triglyceridesand cholesteto
peripheral cells, where they become LDL after parti
depletion has occurred in triglycerides, due tocuées
LPL activity. LDL are considered "bad" cholesterol
because it causes the release of cholesterol iphaeeal
tissues. In contrast, high-density lipoprotein (HDL
contains A1l and A2 apolipoproteins(APOA1 and APO2,
respectively), which serve as acceptors and trap
cholesterol from peripheral tissues effectifélyLDL

are the primary cholesterol source for the perigher
tissues via the LDLr, which is the major regulatetgp to
adjust the importance of this biomolecule. Expadnf
cells requires both the expression of ABC supeifami
(belt conveyors coupled to ATP) and extracellular
presence of apolipoproteins as free cholesteramocs.

If cholesterol is in excess, the body acceleratiss i
conversion into bile acids, allowing its eliminatiin the
stool, which is the only route of excretion of this
substance. On the other hand, if the supplement of
cholesterol is low, the de novosynthesis iscaroeat in

the liver®*°,

De novo synthesis requires that genes involved in
cholesterol productionbe transcribed, such as LBrhd
HMGR. These genes are transcribed in terms of the
amount of sterols detected by some cellular traptson
factors. The cholesterol reservation obtained frde
novo synthesis by hepatocytes will subsequently be
esterified by ACAT and incorporated into VLDL APG B
100, which will be secreted into blood and transgbr
into tissues. Also, the peripheral tissues contebto
hepatic cholesterol reservation through itstranséethe
liver in a process mediated by HBICellular transport of
this substance can change LDLr synthesis, which
contributes to cell and blood cholesterol concéiatna
Hormones, such as estrogen, thyroid hormone amdinns
modulate this process. During aging, and mMRNA
increased LDLr, with decreasing exposure to chetest
contributes to hypercholesterolemia and cardiovascu
disorders".

When the human body is subjected to a diet high in
cholesterol, serum and liver cholesterol conceioimat
increases and lipoproteins (VLDL and LDL)
concentration increases too, which is considered a
cardiovascular risk facttt Several studies have shown
that the high cholesterol concentration in seruih larer,
such as triglyceride, from diets rich in cholestehave a
direct relationship between the amount administened
the period of the diet. However, some authors itepor
opposite effect on serum triglyceride levels. Huwcol,
found that a 1% cholesterol diet in rats show aekese of
more than 50% of the serum triglyceride levels, but
increases the hepatic levels of them, also thensemd
liver figures of the molecule are maintaifédOther
studies made, in laboratory animals, have tried &ts
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establish the metabolic behavior of these diets fed
high cholesterol diets have an increment in seruh a
hepatic cholesterol concentrattdn Rats show an
increment in serum and hepatic triglyceride levelsich
conditions a non-alcoholic liver disease (NAFLD)u&
this evidence, it can be established a relationsbtgreen
dietary cholesterol and triglyceride metabolism,jclihis
evident mainly in the liver tissue. However, lipid
homeostasis in vertebrates is mainly regulated tayraly

of membrane-bound transcription factors known asobt
regulatory element binding proteins (SREBP)

2.1 Serol regulatory element binding proteins

The SREBP are transcription factors with threeaesii i)

A N-terminal fragment, which is actually a family
b/HLH/LZ (basic/helix-loop-helix/leucine zipper)
transcription factor with a tyrosine residue in thasic
region of the b/HLH motive that allows it to join the
SRE sequences of the erythrocyte membrane; iinaale
domain containing two transmembrane regions segdrat
by 31 amino acids located in the endoplasmic rktroy
and (iii) a regulatory carboxyterminal domain. SHEB
has 3 isoforms: SREBP-1a and 1c and SREBP-2. These
proteins regulate the expression of over 30 ganashied

in the metabolism and intake of cholesterol, fattyds,
triglycerides and phospholipids and in the reduced
nicotinanide adeninedinucleotide (NADPH) metabolism
which is required for the synthesis of these mdestt’™®

The SREBP-1 and SREBP-2 proteins share 47%
homology. The SREBP-la and 1c transcripts are
produced to be used as an alternative start site of
transcription and differ in the first exon (exondmd 1c).
SREBP-1a is a more potent transcriptional activ#tat
SREBP-1c due to its NH2-terminal higher transatiive
domain. However, SREBP-1c isoform is predominantly
expressed in most human and mice tissues, with high
levels particularly in the liver, white adipose stig,
skeletal muscle, adrenal glands and brain. In esttr
SREBP-1a is highly expressed in cell lines anduéiss
with high capacity for cell proliferation, such dke
spleen and intestine'® SREBP-1a is considered a potent
activator of all SREBP-responsive genes, includhmgse
that mediate the cholesterol, fatty acids andytcigtides
synthesis. SREBP1c preferentially power the genes
required forfatty acids synthesis and SREBP-2 hasge
transcription domain has, but it preferentially ieaties
cholesterol synthesis (Fig. 1}

At cellular level, to monitor the sterols level ihe
erythrocyte membrane, the cell uses two proteife T
SREBP cut activating enzyme (SCAP) and the HMG-
CoAR. These proteins share an intramembranal sequen
called Sterol Screening Domain (SSD). Through this
domain, sterols cause that SCAP and HMG-CoAR hind t
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Fig.1: Genes regulated by SERBP and the metabolic intermediates in the pathways for the synthesis of cholesterol, fatty
acids and triglycerides™.

amembrane protein of the erythrocyte, which is aulim
inductor (INSIG). The INSIG protein produces
crossroad between the transcriptional and -
transcriptional regulatory mechanisms that en
cholesterol metabolisth In presence of this molecul
the SREBP are retained in the erythrocyte; in litseace
they are released by proteolysis that allows thizaton
of target genes that control pid metabolisr'®,
Molecularly it occurs as follows: after the trangla of
the mRNA, SREBP precursors are retained in
erythrocyte membrane through an association with
SCAP. Under low cholesterol conditions, the SC
accompanies the SREBP precursors from the erytte
to the Golgi apparatus where two functionally dent
proteases, site 1 of protease (S1P) and site 20tégse
(S2P), hydrolyzed sequentially the precursor prnc
releasing nuclear SREBP (nSREBP) in the cytop®
In contrast, when cells have abundant cholesteGAFE
binds to INSING, stabilizing thprotein and allowing th
accumulation of a stable complex INSIG/SCAP/SRE
In consequence, the content of SREBP and INS
decrease, serving as a reservoir for SREBP. Whis
are lacking cholesterol, SCAP/SREBP of INSII
dissociates and then it is daded in proteasomes. T
free SCAP/SREBP complex binds proteins from
rough endoplasmic reticulum and migrates to thegt
apparatus where SREBP is processed into nSREBB
activates the transactivation genes of the chalas
biosynthetic enzymesnd LDLR. At the same tim
NSREBP activates genes for INSING, for this reas
relates to the carbohydrates metabolfsin

There are three factors thakelectively regulatethe
SREBP-1c transcription: the liveX activated receptc
(LXR), insulin and glucagon. Studi@s animals fed witt
a high cholesterol diet and the useogf/sterol: synthetic
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agonists have shown that Lo and LXR3 nuclear
receptors form heterodimers with the retinoid Xeggtor
(RXR), which are divated by a variety of stero
including oxysterolimtermediaries and producean
expression of lipogenic ges and high speed of
lipogenesi&. Thus, LXR functions as a sensor f
cholesterol levelsand promots its excretion and
clearance. Thereforewher a rich cholesterol diet is
consumed, SREBP-1c iactivated by LXR to induc
oleate synthesiswhich participate in the synthesis of
cholesterol esters, ramed for transport an
storagé® Also, another function of the liver is to conv
carbohydratesexcess to fatty acids for storage
triglycerides. Insulin stimulates the synthewof fatty
acids in response to carbohydralexcess. SREBP-1c
mediates the lipogenic effect of insulin in theel.
Insulin inadeases the mRNA levels of SRP-1c and
regulates the expression of their target genedivér,
both SREBP-1c an8REBF-2 transcription is stimulated
by the SREBP by a feedback mechanism that req
sterol regulatory elements (SREsequences in the
promoters of these gerté§he SREBP-1c expression to
normal levels, promotes th®osynthetic pathway of fatty
acids, while SREBR- promotes the synthesis
cholesterol. Genes whaespond to the SREBP-1c
activation include ATP citrate lyase (which produc
acetyl CoA), the acetyGoA caboxylase (ACC) and fatty
acid synthase (FA%)FAS protein is a cytosolic prdn
and a major lipogenic enzy! in mammals. It catalyzes
the reactions thatontribute to the conversion of ace
CoA andmalonyl€oA to palmitate (C1i0). FAS gene
transcription is understrict nutritional and hormonal
control in lipogenic tissues str, such as the liver and
adipose tissif8 Other SREBF-1c target genes encode
fatty acids elongation complex limiting enzyr, which

Page | 699



International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.org/10.22161 /ijeab/1.4.11

Vol-1, Issue-4, Nov-Dec- 2016
ISSN: 2456-1878

convert palmitate into stearate (C18:0);the stda@nA
desaturase, which converts stearate intooleate: {C 28d

the glycerol 3-phosphate acyltransferase, enzynag th
participates in the synthesis of phospholipids and
triglycerides. Also, SREBP-1c and SREBP-2 activate
three genes: the malic enzyme (ME) gene, glucose 6
phosphate dehydrogenase (G6PD) gene and 6-
phosphogluconate dehydrogenase gene, required to
generate NADPH, which is consumed throughout the
lipids biosynthetic pathwdy*®. Malic enzyme presents in
cytosolic (ME1) and mitochondrial (ME2) form. The
MEL1 catalyzes reversibly the oxidative decarboxgtat

of malate to pyruvate, carbon dioxide and NADPHJ] an
then contributes to the de novo synthesis of fatiys via
FAS. It has been found that mutations in ME elintgna
the function of this gene to generate a predisiposiio
obesity and diabetes typé&2

The SREBP-1c total amount in liver and adiposeuéiss
reduced during fasting, by decreasing insulin Igeshd
increasing glucagon levels. This relationship igereed
during feeding’. SREBP-1c overexpression in the liver of
transgenic mice produces a rich in triglyceridetyfhver
without increasing cholesterol, whereas SREBP-2r ove
expression in transgenic mice results in a 28%eiment

in cholesterol synthesis. In rat hepatocytes, insul
treatments increase the total amount of SREBP-1c
SREBP-1a over expression in mouse liver markedly
increases the expression of genes involved in steria
synthesis (such as HMGCOoA, HMGCOoAR,
squalenesynthetase) and fatty acid synthesis (sgch
ACC, and FAS) causing the accumulation of such
molecule&’. Studies in rats using orotic acid, a compound
known for the ability to produce nonalcoholic fatiyer
disease (NAFDL) showed an increment in de novo
lipogenesis from elevated FAS, ME and G6PDH agtivit
in rat liver®. Other studies shown that the activity of FAS,
G6PDH and MEin the liver is increased in presente o
hepatic steatosi§ Even Tang y col, established that
inhibition of the SREBP pathway can be used as a
therapeutic strategy for treating diseases of lipid
metabolism  including type Il diabetes and
atherosclerosf&

As it was mentioned before, cholesterol metabolism
under strict genetic regulation and different reutee
used for absorption, synthesis and secretion. Kmg\he
metabolic pathways activated during the intake ighh
cholesterol diets opens strategies that could piathn
counteract the effects caused by this type of faodther
protein called Peroxisome Proliferation Activated
Receptor (PPAR) is also involved in the regulation
expressed in hepatocytes and cardiomyocytes. This
protein is required for the fatty acids to expréts
function in the genetic processes and participatesa
large network of genes that regulate the metaboti$m
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lipids and glucose, and the differentiation of adiytes.
There are several types of PPAR:f andy. PPARa is
associated with fatty acid metabolism in the livedney,
heart, skeletal muscle and brown adipose tissuARPP

is associated more with other adipose tissue. Some
medications such as fibrates and thiazolidinedi@udy
activation of PPAR. The effects of these receptors
metabolism range from peroxisomal proliferation,
increment in fatty acid oxidation, reduction in iz
triglyceride levels, and improvement in glucosetahce.

It is important to remember that the fatty acids anergy
elements of the body, and they modulate its meistinol
synthesis and oxidation through an allosteric ereym
action. In this way, omega fatty acids regulatedignic,
mitochondrial oxidative and gluconeogenic enzymes.
Long chain polyunsaturated fatty acids reduce hepat
lipogenesis and consequently reduce the amount of
enzymes involved in lipid synthesis; they also niatiu
adipogenesfs. Another regulatory mechanism that refers
to triglycerides adipose tissue is the storage afide
range of fatty acids, which differ in their moleaul
structure. The output of fatty acids from adipdssue of

a subject is selective; it dependson the size efctimain
and the degree of unsaturation. This has been\waban
vitro in human and animal adipocytés

As remarkable progress,genes related to the differe
metabolic pathways of lipids provide insight intbet
effects and responses to various diets, which g¢eer
changes in health from the nutritional status oé th
individual. Therefore, there will be a beneficial effect to
consume diets that include functional foods andrthe
bioactive components.

Il FUNCTIONAL FOODS
Functional foods are defined as specific food srxsts
that promote health as part of a varied diet. Inegal,
they provide beneficial effects in contributing the
maintenance of health status and reducing the afsk
illness. They are natural or processed foods that,
addition to its nutritional components, contain itiddal
components, nutritious or not, to help maintain or
improve health and promote physical fithess andtaten
state of the person who consumes them. There are
flavonoids that neutralize free radicals focusimglower
the risk to develop cancer; caroteniodes that dmrte to
eye health; fiber that reduces the risk of coloncea and
various bioactive peptides with antioxidant, antirabial
and antihypertensive effects, among others. Somtheof
components forming part of functional food are shaw
TABLE 1. However, there are specific componentshsuc
as hypocholesterolemic unsaturated fatty acids and
bioactive peptides capable of reducing the levels o
triglycerides and cholestef{%* **
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Table.1: Chemical components with functional potential present in many foods™ >,

Component Food Potentialbenefit
Flavonoids(Catechins and . . . .
( Green tea and citrus Neutralize free radicals addae risk of cancer
flavonols)
Carotenoidg{-carotene and Carrots and green .
. Improvevision
lutein) vegetables
Fiber Shell grains Reduces the risk of colon cancer

Fish oils and some
grasses

Unsaturated fatty acids{3 y
®-6)

Reduce levels of cholesterol and triglyceride

Bioactive peptides
(antioxidants, ACE inhibitors,
hypocholesterolemic)

Eggs, meat, chickpea,
soy, milk, rice,
sunflower, and others.

Reduce the risk of cardiovascular disease and eéegive

3.1 Unsaturated fatty acid

Among ordinaryfats and oils, waxes and related
compounds found in foods and in the human body are
included. These lipids are composed of triglyceside
containing a glycerol molecule (an alcohol) andeéhr
fatty acids. From the chemical standpoint, fattide.@re
hydrocarbon straight chains terminating in a caybox
group at one end and a methyl group at the othlee. T
most common way to classify them is: a) For thegrée

of saturation, they are divided into saturated and
unsaturated. Aldo,may be classified in monounsttdra
and polyunsaturated. b) For their length of theircliaey
can be classified as short (4-6 carbons), mediuwh2(8
carbons), long (14-18 carbons) or very long (20nore
carbons) chain.According to the position of thestfir
double bond in the chain, called omega, countiomfthe
methyl end, there are three families of polyunseatd
fatty acids: ®-3, ©-6 and ®-9. Some are classified as
essential because the human body cannot synthbsiae
and they are needed for vital functions, thesettaee-3
and o-6 families commonly known as omega 3 and
omega &%

Unsaturated fatty acids have antithrombotic and
antiarrhythmic effects, increase bleeding time preiwng

the adhesion of platelets in the arteries, prevent
atherosclerosis by lowering cholesterol levels lasma,
they are useful in hypertensive patients, becausg help

to lower blood pressure and reduce the concentratfo

plasma triglyceride, and they decrease the total
cholesterol and VLDf.In the nervous system,
unsaturated fatty acids are necessary for proper

development and functioning of the brain and nesvou
system. They are concentrated in the retina anebcair
cortex, and have the ability to correct visual ddin
problems in patients with deficienci@&Jnsaturated fatty
are hormonal precursors compounds also, such as
prostaglandins and thromboxanes, which facilitdte t
transmission of messages in the central nervousrsy/s

www.ijeab.com

Unsaturated fatty are precursors of other fattgsasiuch

as arachidonic, eicosapentaenoic (EPA) and
docosahexaenoic acid (DHA). DHA is part of the
membranes of retinal photorecepfrs

It is also important to remember that all cell meams
contain lipid bilayers and are impermeable to ckdrg
molecules, for communication between cellsand
compartments, which require from protein transperte
receptors that are embedded in this double layauro
Furthermore, a flow mechanism that causes thealater
movement of proteins and invagination, that allows
endocytosis and exocytosis, is observed. This ifjuid
requires long chain unsaturatedfatty acids, because
saturated fatty acids decrease this vital charatter
even more when proteins have to collide with other
molecules in various biochemical processes. Fomeia

the role of insulin to communicate its signal dgrin
glucose metabolism in rats is damaged when food
provides more than 10% of dietary calories fronuisgted
fatty acids, which can be improved with the intale
omega-3 fatty acids

It has been shown that the antiarrhythmic effeatrobga
fatty acids may be associated with functional began
between the vague and sympathetic systems whose
modulation is involved with the cardiac respdfisén
particular EPA and DHA could compare its effecthwit
some medications used in the treatment of thesdiacar
problems, which has been observed when fish oil is
supplied to rats in treatment, due to adrenoceaptaived

in arrhythmias. These receptors are membrane psotei
that transmit the catecholamines neuroendocrinesages

in the pace and strength of cardiac contractionthia
processDHA hasa similar activity to the one pressity
theB-blocking molecules. In relation to atherosclerpgis

is the product of a long period of artery inflamioatand
endothelial dysfunction plays an important role ibn
because the flow associated with this function égliated

by nitric oxide and aggravated by atheroma. Omegy f
acids provide more fluidity to membranes of endihe
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cells promoting the synthesis or output of nitridéde. To
prevent atheroma, it is suggested the intake ofgame
fatty acids from fish sources. It has been observed
neutrophils and monocytes that fish oil reduces the
formation of oxygen-derived free radicals and iasex
nitric oxide production in cultured human endothkli
cells, which is beneficial to avoid atherorffag\s it has
been already mentioned, another factor associaitd w
heart problems is the concentration of HDL-choledte
that may be a predictive factor to avoid the risk o
coronary heart disease. Although, the current
recommendations for the treatment of dyslipidentiandt
include specific HDL-cholesterol values, the acabf#
range was 35 mg/dL and it has been modified to 40
mg/dL. Statins, which are 3-hydroxy-3-methyl-CoA
reductaseinhibitory molecules, are drugs used for
reducing cholesterol and increase the HDL at mdédera
levels.Other resources for this purpose are, onfetja
acids, which are obtained from the oil of variongals
and plant¥.Vegetable fats and oils are usually obtained
from seeds or the outer layer of the fruit. Thecpatage

of this oil reserves widely vary from about 5% ereals

to 68% in coconut. In plants and therefore in vabket
oils, factors such as the type of crop, agricultlanad and
climatic conditions have a strong influence on ¢batent

of fatty acids. Mediterranean populations consuargd
quantities of olive ail (rich in oleic acid, whidhelps in
the formation ofw-9 acids), vegetables and fish; it was
found that consumption of fish and olive oil ovie tlife

of these populations might provide independentqmtote
effect on the development of many dise&5d3urrently,
there is interest in the oil obtained from Chiadsé®alvia
hispanica), due to its high content of unsaturdtety
acidg”.

3.2. Bioactive peptides

Currently the study of dietary proteins as funciion
andbeneficial components has received much attentio
because the generation of bioactive peptides issmund
investigatio®>. The term bioactive is used to describe
components with various types of biological activguch

as antimicrobial, immunomodulatory, regulating gtieal
transit, antioxidants, ACE inhibitory,
hypocholesterolemic and antithrombotic. Bioactive
peptides are defined as amino acid sequences wébet

2 and 20 residues withoutactivity in the originabtein
and presenting biological activity when released by
hydrolysis. They cross the intestinal epitheliund aeach
peripheral tissues via systemic circulation, ererti
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specific functions locally, gastrointestinal andstsymnié®.
These peptides may alter cellular metabolism aedeprt
these functions. Its activity is similar to a homsoor
drug that modulates a physiological role through it
interaction with a specific receptor triggering a
physiological responéé Typically, the bioactive peptides
are hydrophobic and absorbed between 70 and 80% fas
compared to free amino acffls

The method for obtaining these molecules is by the
hydrolysis of proteins; this is accomplished by rofeal
processes (acids or bases) or by biological presess
(using enzymes). Biological processes are the most
recommended if the products will be used in thedfoo
field*. According to Guadix y col, the proteases or
proteolytic enzymes are commercial grade enzyme
mixtures, liquid or solid and are classified in ivas
ways® (TABLE 2).

However, it should be considered the temperaturg, p
hydrolysis time and degree of hydrolysis (DH) tdaii
hydrolyzed with specific characteristics, such & t
proper distribution of molecular masses of the ioest
formed, the amino acids released, and the amount of
residual undigested protéin The temperature is selected
to optimize the kinetics of the enzyme or mixtuféhem,
using a range from 32 to 50 °C. The pH is deterthine
according to the range where the enzyme activigt iss
highest. The hydrolysis time is related in direcigortion
with the DH™. This is a measure of the proteins
hydrolytic degradation ability. It is defined aseth
percentage of broken peptide bonds in relatioméctotal

of them in the original protein. DH is consideradgtical
and convenient to control the hydrolytic processed as
the largest indicator used for the comparison &&dint
protein  hydrolysaté& In response to DH,
hydrolysatescan be classified as: a) Limited hydates
(DH <10%). They are used to improve the functicarad
technological properties, because an increaseliitity
occurs. It also improves the emulsifying power,nfiireg
and absorption of water or oil, which can be used i
baked goods and mayonndisé) Extensive hydrolysates
(DH > 10%). Used in specialized feeding, either as a
protein supplement or medical diets. These hydadgs
include the ones that seek to exploit or improve th
nutritional characteristics of the protein sourbecause
the peptides obtained have higher thermal stabditg
reduced allergenicity. Its size can be more effetyi
absorbed in the gastrointestinal tract as comptoettie
intact proteins. Its high solubility allows theirsai in
liquid foods™.
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Table.2: Classification of proteases according to source, action and catalytic site™.

Classification Diversity Description
Animals
Source Vegetables They are extracted from animal tissues, plantstelo@cor fungus and
Bacterial its metabolites or its metabolites
Fungal
Endoprotease Hydrolyze peptide bonds along thesjprahain.
Catalyticaction . Hydrolyzed amino terminals (aminopeptidase) orcaylierminals
Exopeptidase i
(carboxypeptidase).
Serineproteinase
Cisteinproteinase Endoprotease able to hydrolyze amino acid linked steecific
Metalloproteinase substrates
Catalyticsite Aspartatoproteinase

Aminopeptidase
Carboxipeptidase
Dipeptidase

Exopeptidase able to hydrolyze amino, carboxylaihb

However, it should be considered the temperaturg, p
hydrolysis time and degree ofhydrolysis (DH) to abt
hydrolyzed with specific characteristics, such & t
proper distribution of molecular masses of the iest
formed, the amino acids released, and the amount of
residual undigested protéin The temperature is selected
to optimize the kinetics of the enzyme or mixtufehem,
using a range from 32 to 50 °C. The pH is deterthine
according to the range where the enzyme activibt iss
highest. The hydrolysis time is related in direcipgortion
with the DH®. This is a measure of the proteins
hydrolytic degradation ability. It is defined aseth
percentage of broken peptide bonds in relatioméctdtal

of them in the original protein. DH is consideredgtical
and convenient to control the hydrolytic processed as
the largest indicator used for the comparison &erint
protein hydrolysat&éIn response to DH, hydrolysatescan
be classified as:a) Limited hydrolysates (DH<10%)ey
are used to improve the functional and technoldgica
properties, because an increase in solubility acdualso
improves the emulsifying power, foaming and absomt
of water or oil, which can be used in baked goodd a
mayonnais&.b) Extensive hydrolysates (Dt 10%).
Used in specialized feeding,either as a proteiplkeupent
or medical diets. These hydrolysates include thesdhat
seek to exploit or improve the nutritional charastes

of the protein source, because the peptides oltdiaee
higher thermal stability and reduced allergenicity.size
can be more effectively absorbed in the gastrdiintzis
tract as compared to the intact proteins. Its Isiglbility
allows their use in liquid food%

Regarding the hypocholesterolemic effect, it hasnbe
reported more incidence of this activity in plaousces
compared to animals. Specifically, the case of sayhis
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mentioned, both recommended by the Food and Drug
Administration (FDA) and the American Heart
Association (AHA),because by consuming 25 g/day of
this protein as part of a diet low in saturatedtifetre is a
decrease in cholesterol levels. An estimated coptam
amount of protein decrease lipoprotein LDL up to Bfb
patients with high cholesterol levels, while it has
adverse effects in people with normal cholesteroéls®,

By reducing serum cholesterol and LDL concentration
there is a positive effect as the atherogenic index
(LDL/HDL) decreases in rats, mice and huntan¥
However, when taken orally these proteins are tanfe
gastrointestinal proteases, which originate bieacti
peptides and contribute to the effects mentionddrbelt

has been reported that soy peptides minimize serum
cholesterol levels compared to the intact protein.
Compared with casein, these hydrolysates also esduc
serum cholesterol because the excretion is promoted
through feces, because it cannot be absorbed.aBlyniit
decreases the oxidation of LDL and triglycerideelsv
and enhance the vascular actiit@ne possible
explanation for these events is given by the redileeels

of hepatic lipogenic enzymes such as G6PDH and
stimulation of adiponectin, a hormone involved in
adipocyte differentiation, and insulin and fattyidsc
sensitivity”. Based on these facts, Nagaokay col found
that cholesterolmicellar solubility was significentower
during the intake compared to hydrolyze soy prot&hme
same result was observed in serum, liver and inespf
rats, indicating inhibition of cholesterol absogutidue to
the inability of the micelles to solubilize the raoll€’. It

has also been found thehypocholesterolemic effect i
glycinin, specifically in theLeu-Pro-Tyr-Pro-
Argpentapeptide, obtained from soy protein, as roaat
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before. This pentapeptide reduced serum cholesterol
mice when administered orally in doses of 50 mglkd
has a homologous enterostatin (Val-Pro-Asp-Pro-Arg)
structuré®. It has been shown that sunflower hydrolysates
generated when using pepsin or alcalaseproteasgs an
undergo to intestinal digestion in vitro, inhibliatesterol
incorporation into the micellar suspensions of bidts. A
similar effect was obtained with rice bran hydrales,
which managed to reduce total serum cholesterol and
increase HDL in male Wistar rats
Concerning triglycerides, Ascencio y col reportédtt
consumption of soy protein isolates maintained &iva
level liver stores of these est&rdt is also reported that
the isolated protein maintains in a low levelplasma
triglycerides, increases adiponectin, acceleratigsd |
metabolism and decreases the body fat of obesemndts
mice®%2

V. CONCLUSIONS
Lipids we eat in the diet are important for thewtto and
development of human beings, both for its energy
function, and for the supply of essential fatty daci
However, consumption of saturated fatty acids ignifial
to the body, as it promotes the formation of chelesd
associated with low-density lipoproteins (LDL) and
increases the rigidity of cell membranes, comprorgis
their biological functions. Therefore, controlledt fntake
may be beneficial to health, to prevent certain
cardiovascular diseases. Unsaturated fatty acimtegirat
cardiovascular level, because they modulate serum
cholesterol levels and reduce susceptibility talation of
LDL. The ®-3 and o-6 acids prevent chronic
inflammation, some carcinogenic processes and
degenerative diseases, because they are precubors
eicosanoids or affect the transcription of someegen
involved in the development of these diseases. he3
and®-6 acids exist in foods such as cold-water fisht Bu
their presence has been reported in various vegstike
amaranth and olive, although chia has stood oultiluis
high content of these acids. It is known that plmatds
provide some metabolites with different biological
properties, being the hypocholesterolemic actiuiye to
enzyme peptides origin, one that has receivedtaitem
recent years. When these peptides are ingestedrasfp
the diet they have a role in reducing the risk of
cardiovascular diseases, which have been guarabteed
in vitro and in vivo studies.
However, knowledge of how these ingredients work on
the body is not sufficiently consolidated. Thisdise to
the complexity of the multiple interactions betwethe
constituents of the food during the digestive psscand
the impact on the metabolism of the same. The reiffie
lifestyles, age, health status and dietary habiteray

www.ijeab.com

populations, even within the same society, make it
difficult to generalize the results of studies &andicate
that a bioactive ingredient is not necessarily ciffe for

all consumers. Therefore, there are still many etspef
food/health relationship at different stages of l#nd to
individuals in different metabolic situations thatquire
research. For this it is necessary to demonstriage t
biological activity of each specific food, this by
performing clinical studies and evaluating the pttd
health risks of these functional foods to meet fisé-
benefit balance that their consumption entails tloe
population.
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