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Food Basic Science

1.1 Enzymatic Protein Hydrolysates in
Human Nutrition

Medical diets are designed to provide complete or supplemental nu-
tritional support to individuals who are unable to ingest adequate amounts
of food in a conventional form, or to provide specialised nutritional sup-
port to patients with particular physiological and nutritional needs. They
supply all the required protein, fat, carbohydrates, vitamins and minerals
in quantities sufficient to maintain the nutritional status of individuals re-
ceiving no other source of nourishment. Such formulations are desigried to
reduce or control diet-related chronic diseases such as atherosclerosis,
cancer or liver failure, and also form the basis of special foods designed
for the treatment of very different diseases such as phenylketonuria
(PKU), cystic fibrosis, Crohn’s disease.

Great interest has been shown in the role played by dietary proteins
in clinical diets and their use in specific formulations. Progress in the
knowledge of food composition and biochemical analysis pemmitting valida-
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tion of dietary methods has been extensively reported. However, there are
still significant difficulties in defining the relationships between protein re-
quirements, nutrition and disease. Specific diseases affect protein re-
quirements to different extents, and each disease process varies in intensi-
ty from individual to individual. It is known that adequate amounts of in-
tact proteins can not be administrated to patients with impaired hydroly-
sis, reduced absorptive capacity and specific stomach or hepatic failure.
In allergic patients, ﬂmpmenwdmmtwplﬁaﬂyhﬁdymd;iﬂehm
can provoke immune mediated hypersensitive reactions. Two main ways to
supply tailored amounts of amino acids are available: enzymatic protein
hydrolysates and a mixture of synthetic amino acids. Enzymatic hydrolysis
seems to be the most appropriate method for preparation of tailormade
peptides, not only because of their large-scalé commercial availability and
moderate cost, but also because of the high quality of such praducts.
Enzymatic protein hydrolysates containing short-chain peptides with
characteristic amino acid composition and defined molecular size are high-
ly desired for specific formulations. They show important advantages with
respect to elemental diets, in which the protein component consists exclu-
sively of a mixture of free amino acids. Protein absorption can occur as
peptides as well as amino acids, indeed absorption as short-chain peptides
is considered to be a more efficient method of amino acid absorption com-
pared with an equivalent amount of free amino acids. This is due to the
availability of peptide specific transport systems and thé subsequent termi-
nal phase of peptide digestion into amino acids by the action of cytoplas-
mic peptidases within the enterocytes, before transpoit to the circulation.
On the other hand, peptides are less hypertotii¢ than free amino acid mix-
tures, enablirig good shsorption of other dietary dornponénts and eliminat-
ing osmotic problems. Moreover, because of chemical instability or insol-
ubility in water, several amino acids (e.g., glutamine, tyrosine, cys-
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teine) cannot easily be given in the free form.

The inclusion of protein hydrolysates in specific formulations is an
area of growing interest. Uses include clinical applications, such as geri-
atric products, high-energy supplements, weight-control and therapeutic
or enteric diets. The usé of protein hydrolysates for the clinical treatment
of patients with specific disorders of digestion, absorption and amino acid
metabolism has been extended to patients with fhalnutrition associated with
cancer, trauma, bums, and hepatic encephalopathies. '

1.1.1 Enzymatic hydrolysis as a technological process

Proteins are broken down into peptides of different sizes and free
amino acids as a result of the cleavage of peptide bonds. This degrada-

on, termed hydrolysis, can be carried out by enzymes, acids or alkali.
Acid and alkaline hydrolysis tends to bé a difficult process to control and
yields products with reduced nutritional qualities. Chemical hydrolysis
can destroy L-form amino acids, produce D-form amino acids, and can
form toxic substances. Enzymatic hydrolysis is developed under mild con-
ditions of pH (6 ~ 8) and temperature (40 ~ 60C), avoiding the ex-
tremes usually required for chemical and physical treatments and minimis-
ing side reactions. The overall amino acid composition of enzymatic pro-
tein hydrolysates is similar to that of the starting material. Besides, pro-
tein hydrolysates show technological advantages such as improved solubili-
ty, heat stability and relatively high resistance to precipitation such as pH
or metal ions.

To develop commercial protein hydrolysates with defined physical,
chemical and nutritional characteristics, many different factors must be
taken into account. Among them, choice of suitable protein source, pro-
teolytic enzymes and the develq)nmt of post-hydrolysis processes have
special relevance.
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1.1.2 Protein source

1.1.2.1 Milk

Milk contains two major protein groups, caseins and whey proteins,
which differ greatly with regard to their physicochemical and biological
properties. Caseins, which account for 80% of the total protein in bovine
milk, exist primarily in large complexes termed micelles. The multiple
functional properties of caseinate derivatives allow them to be used in sev-
eral food products, e.g. bakery and meat products, soups. The caseins
are known to exhibit biological activity, such as carrying of calcium,
zinc, copper, iron and phosphate ions in the body. Also, the caseins act
as precursors of a number of different bioactive peptides.

The whey proteins, which account for 20% of total milk protein,
represent an excellent source of both functional and nutritious proteins.
The main whey protein constituents are B-lactoglobulin and o-lactalbumin,
two small globular proteins that account for some 70% ~ 80% of total
whey protein. Minor whey protein components include the immunoglobu-
lins, glycomacropeptide, serum albumin, lactoferrin, protecse-peptones
and numerous enzymes. Native a-lactalbumin has good emulsifying prop-
erties, but its gelation ability is poor. By contrast, mﬁveﬁ-hcmglohﬂin
has excellent gelling and foaming properties.

Gowsnnlkpmtemnsthemnstmpoﬂmtpm(emmusedmd;e
development of protein hydrolysates designed for mutritional support of pa-
tients. They are produced from isolated casein or from whey protein con-
centrate by using food-grade proteases. Because of their outstanding nutri-
tional value, amino acid composition, commercial availability in large
quantities and moderate cost, casein and whey hydrolyzed formulas have
been marketed for several decades.
1.1.2.2  Colostrum ‘

In bovine colostrum, the protein content is 4 ~ 5 times (higher up to
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150 g/L) vs (30 ~ 40 g/L) than that in normal milk. This is primarily
attributed to a high concentration of whey proteins. Among colostral whey
proteins, the immunoglobulin(Igs) represent up to 75% of total protein
in the first milking compared with 10% in normal milk. Igs enriched
preparations have been introduced to the market in many countries as calf
milk replacers. It has been suggested that infant formulas could be forti-
fied with colostral Igs and lactoferrin. Also, preparations containing spe-
cific colostral Igs produced in colostrum by hyperimmumization of pregnant
cows may, in the future, find applications in the prevention and treatment
of human microbial diseases. A preventive or therapeutic efficacy of such
products has been demonstrated against different gastrointestinal infec-
tions. A few so-called immune milk products are already on the market in
the USA and Australia. Since bovine colostrum also contains other biolog-
ically active compounds such as growth-promoting factors and essential
nutrients, research in this field seems highly promising.
1.1.2.3 FEgg

A hen’s egg consists of 13% protein (shell, 3% ; egg white, 11%
and yolk, 17%) . Eggs are a rich source of proteins with different physic-
ochemical and biological characteristics. Egg white possesees multiple
functionalities such as gelation, emulsification, foaming, water binding
and heat coagulation, which makes it a highly desirable protein in many
foods. These properties of egg white can be attributed to complex interac-
tions among its protein constituents, namely ovalbumin, oconalbumin,
lysozyme, ovomucin, globulins and other minor proteins. Whale egg or
egg white powders are commercislly manufactured and used in many food
products and also non-food applications. Among specific egg proteins,
lysoryme can easily be separated from egg white using crystallization or
ionexchange resins. Purified lysozyme has shown promise as a food
preservative, e.g.in prevention of late fermentation of hard cheese and in
reduction of pathogenic bacteria on meat surfaces. Egg immmoglobulins
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(IgY) can be enriched and isolated in a highly purified form using a seri-
al filtration system or uliracentrifugation combined with a chromatographic
purification process. IgYs have already found use in immunoassay tech-
niques and may, in the future, be used as ingredients of functional foods
andfeedsamedatpmvenhngorwnnggaﬂmmﬂm
1.1.2.4  Plant proteins

Recently, plantpmtansareﬁndugoamuemlappﬂcmma
number of formulated foods as an altemative to proteins from animal
sources. Many studies have shown the interest of plant protein hy-
drolysates as functional foods and flavour enhancers. However, it is only
in recent years that the commercial applications of plant protein hy-
drolysates in supplementation of liquid foods or high energy beverages,
production of hypoallesgenic foods and development of medical diets for
the treatment of specific illness have been remarkably increased. Accord-
ing to criteria of nutritional quality and cost, many plant sources have
been investigated for the production of protein hydrolysstes in medical
foods. Among plants,. soybean is the source mast widely used in special
nutritional formulations. Other legumes such as peas and chickpeas are
becoming inereasingly impartant as a sourcs of edible proteins with inter-
esting functional and nutritional properties. Additional sources, including
under-utilised by-produets of the oil industry extraction, such as sunflow-
er and rapeseed have heen recently reported . :

Plant proteins need to be processed prior to enzymatic hydrolysis.
The excellent propesties of plant protein concentrates and isolates-as sub-
strates for proteolytic enzymes are well known. A high protein content and
low levels of polyphenols, sugam and protease inhibitors facilitate the
control of the hydrolytic process, increasing the effectiveness of proteolytic
enzymes and the yield of the process. The main drawback of plant protein
hydrolysates with respect to casein or whey hydrolysates is the low level of
some essential amino acids (e. g. sulphur-containing amine acids in hy-
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drolysates derived from legumes) . They must be added to the formulation
to reach the necessary standard amino acid prefile.
1.1.2.5 Proteolytic enzymes

The use of enzymes allows good control of the hydrolysis and thereby
the properties of the resulting products. Proteolytic enzymes hydrolyse the
peptide linkage between amino acids, yielding a mixture of peptides of
different molecular size and free amino acids. The ability of enzymes to
hydrolyse a protein substrate is highly variable. Therefore, the selection
of suitable enzymes to produce compounds with defined physicochemical
and nutritional characteristics is essential. Proteolytic enzgymes are classi-
fied by their hydrolyzing mechanism inte endopeptidases or exoproteases.
Endopeptidases hydrelyse the peptide bonds within protein molecules at
random to produce relatively large peptides. Exoproteases systematically
remove amino acids from either the N temminus or the C terminus: by hy-
drolysing the terminal peptide bonds. Protein hydrolysates used in special
formulations ‘are composed of free amjno acids, short peptides and normal-
ly do not contain any peptide longer than 12 amino acid residues (molecu-
lar mass=s1 500) . To obtain such hydrolysates, a sequential reaction of
endopeptidases and exoproteases is preferred. The initial use of endopep-
tidases facilitates the action of exoproteases in a second step to achieve a
more complete degradation.

1.1.3 Main uses of protein hydrolysétes in clinical nutrition

At present, there are more than 100 formulas used in clinical nutri-
tion. Some of them oomtain protein hydrolysates as the majer protein com-
ponent ‘and are commonly used in the dietary management of phenylke-
tonuria, food allergy and chronic liver disease.
1.1.3.1 Phenylhstorauria ( PKU)

Phenylketonuria, or hyperphenyl-alaninemia, is one of the most well
known disorders of amino acid metabolism., It is caused by the autosomal
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recessive deficiency (less than 2% of nommal activity) or absence of the
hepatic enzyme phenylalanine hydroxylase, which converts phenylalanine
to tyrosine. Lack of this enzyme leads to phenylpyruvic acid accumulation
in the blood. In the absence of treatment or when treatment is late (after
3 weeks of age), intellectual and neurological damage is inevitable. How-
ever, when dietary treatment with phenylalanine restriction is started ear-
ly, the child can achieve close to normal development. Current data sug-
gest that dietary restriction should be life long.

Dietary treatment of PKU was introduced in the early 1950s. Initial
treatments indicated that young infants had a greater need for phenylala-
nine than had been previously recornmended, recognising that the require-
ment were near nommal. At present, it is known thet the majority of in-
fants require a low-phenylalanine controlled diet to reduce phenylalanine
intake to 50 ~ 70 mg/kg body weight per dsy and reduced levels to the
interval 10 ~ 40 mg/kg body weight per day from 7 years through adult-
hood. However, although general patterns are established, PKU patients
show a broad spectrum of clinical and biochemical phenotypes which cor-
relate with the phenylalanine hydroxylase genotype. The importance of in-
dividualised diagnosis of PKU patients to provide cbjective and effective
criteria for the dietary treatment of each particular case kas been recently
recognised .
of protein substitutes: (i) a mixture of free amino acids fortified with car-
bohydrates, vitamins end minerals, or (ii) infant formula which has a
similar nutritional composition to normal infant fornmla milks using pheny-
lalanine-free protein hydrolysates as the main protein component. The use
of such substitutes permits the addition of normal foods with low levels of
phenylalanine to the daily diet, such as fruits, vegetables and certain ce-
reals.

Phenylalanine-free protein hydrolysates or protein hydralysates with

iq
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low levels of this amino acid have been used for treatment of phenylke-
tonuric infants, with satisfactory physical growth and mental development.
They supply the majority of the protein requirements to PKU patients.
Since PKU patients have the inability to convert phenylalanine to tyro-
sine, protein hydrolysates need to be supplemented to provide 100 ~ 120
mg/kg tyrosine body weight daily. Rectification of such hydrolysates is
possible according to European Community Regulation 231/91 which
states that amino acids may be added to improve the nutritional value of
infant formula, but their addition is allowed only in a proportion that is
considered useful for this purpose.

The development of protein hydrolysates for patients with PKU in-
cludes post-hydrolysis procedures to remove phenylalanine such as the
treatment by activated carbon or the use of ionic exchange resins. Cogan
et al. developed a sequential enzymatic procedure ( papain and pepsin)
followed by activated carbon treatment to obtain protein hydrolysates with
a substantial reduction of bitterness accompanied by a selective loss of
phenylalanine (36% ). Arai et al. tested a series of enzymes on whey
protein and achieved excellent results for phenylalanine removal using a
pepsin-pronase system, followed by separation on G-25 Sephadex. These
hydrolysates were passed through an activated carbon column to remove
929% of the total phenylalanine. The degradation of phenylalanine through
its deamidation with phenylalanine ammonia lyase (PAL) has also been
reported . :

Several infant formulas containing protein hydrolysates with null or
low amounts of phenylalanine are commercially available. Lofenalac is
widely used as a protein substitute for cow’s milk proteins in infants with
PKU. As the protein ingredient this formula has an enzymatic protein hy-
drolysate of casein with levels of phenylalanine between 0.06% and
0.1% (approximately 75 mg/100 g of product) . Acosta et al investigated
growth and nutrient intake in 88 treated infants with phenylketonuria using



