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Abstract

Protein hydrolysates provide a rich source of protein which is useful in situations where excess protein is needed, such as during repair of

tissue damage. The consumption of protein hydrolysates has been shown to result in more rapid uptake of amino acids compared with

whole proteins or free-form amino acid mixtures and some peptides in hydrolysates exhibit biological activity. Early studies showed that

protein hydrolysates are more effectively utilised than intact proteins or amino acids. In addition, they promote a strong insulinotropic

effect, which reduces protein breakdown and enhances muscle and tissue uptake of branched-chain amino acids. These effects contribute

to benefits of protein hydrolysates for enhancing repair of tissue damage caused by surgery, ulcers, burns and muscle-damaging exercise.

While there is evidence that protein hydrolysates may be useful for facilitating tissue repair, additional research is needed to further

examine various roles of protein hydrolysates in this process.
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Introduction

Protein is a major structural and functional component of

tissue and dietary sources supply essential amino acids

which are necessary for protein synthesis. Changes in

protein turnover following tissue damage are critical to

tissue repair and advancing knowledge of dietary protein

requirements has emphasised the need for increased

protein intake during tissue repair. Tissue repair involves

four phases – haemostasis, inflammation, repair and remo-

delling – and adequate protein intake has three important

roles in this process: promoting wound healing, mainten-

ance of tissue integrity, and speeding convalescence(1).

Indeed, while an adequate protein intake is essential

for rapid wound healing and recovery(2), an inadequate

protein intake can delay wound healing and reduce the

integrity of the repaired tissue(3). Following moderate to

severe injury, protein depletion occurs due to an increased

metabolic loss of N (due to loss of actual tissue, blood or

exudates from the damaged area, loss due to excessive

protein catabolism which follows injury or infection, and

disuse or reflex atrophy)(4). By counteracting the negative

N balance that occurs after injury, supplementation that

can increase protein intake and enhance protein synthesis

may be useful. For this reason there has been considerable

interest in the use of nutritional interventions to promote

tissue repair, in particular the use of protein hydrolysates.

Protein hydrolysates

The hydrolysis of protein results in the production of a

range of peptides. The nature of the peptides produced

depends on the method and duration of the hydrolytic pro-

cess, and the conditions (for example, temperature, pH)

under which the hydrolysis is performed. During hydroly-

sis, as a result of the cleavage of peptide bonds, proteins

are broken down into peptides of different sizes and free

amino acids(5) but typically contain mostly di- and tri-

peptides. The hydrolytic process can be performed using

enzymes, acids or alkali and the hydrolysates are produced

from purified sources of heating with acid or the addition

of proteolytic enzymes, followed by purification pro-

cedures(6–8). Enzymic hydrolysis is the preferred method,

as acid and alkaline hydrolysis methods tend to be difficult

to control and can yield variable products with reduced

protein quality and biological value(6,8).

The consumption of protein hydrolysates has been

shown to result in a more rapid uptake of amino acids

compared with whole proteins or free-form amino acid

mixtures(6,9) and some peptides exhibit biological activity.

The more rapid availability of amino acids and the

presence of biologically active peptides have resulted in

protein hydrolysates being used as therapeutic substances

and incorporated into clinical nutrition products,

such as geriatric dietary supplements, weight-control and
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therapeutic diets, or for clinical treatments in patients with

digestion or absorption disorders, or malnutrition associ-

ated with cancer, trauma and burns(8).

Potential effects on tissue repair

Early studies in rats showed that protein hydrolysates are

more effectively utilised than intact proteins or amino

acids(10). In addition, they were shown to promote a

strong insulinotropic effect(11,12), which is important

given that insulin is an anabolic hormone that reduces pro-

tein breakdown(13,14) and enhances muscle and tissue

uptake of branched-chain amino acids (BCAA). As a

result, protein hydrolysates, in particular casein and whey

protein hydrolysates, have been used extensively to pro-

mote post-surgical healing and to assist with the repair of

tissue damage(6).

Protein hydrolysates have also been investigated for

their value in tissue repair in conditions where natural

food cannot be ingested or ingested in sufficient quantities

to replace N loss, such as burns, gastrectomy, cholecystect-

omy and herniotomy. Hydrolysates are also better tolerated

by diseased gastrointestinal tracts than natural food;

they not only neutralise the acid, relieve the stomach of

digestive effort due to the pre-digested nature of the hydro-

lysate, but also provide the body with a rich source of

nutrients to assist in repair(15).

Effect on post-surgical recovery

The typical daily protein intake requirement of an adult is

70 g/d, but this is increased considerably in post-surgical

patients who require a protein intake of up to

300–400 g/d(16). Surgical trauma leads to an increase in

whole-body protein degradation(17), with the extent

depending on the severity of the insult(18–20). These

changes in whole-body protein turnover result in a

period of negative N balance. Due to the importance of

protein nutrition in tissue repair, high-protein diets have

been shown to accelerate the rate of tissue regeneration

and increase tensile strength of the wound(3). Protein

hydrolysates have also been investigated and a study by

Ziegler et al.(21) followed twelve intensive care patients

after abdominal surgery and compared the effect of two

enteral diets with identical N and energy supply – a lacto-

serum protein hydrolysate diet and a non-degraded protein

diet (control). Compared with the control diet, the protein

hydrolysate diet was more effective at restoring plasma

amino acid and protein levels; in particular it significantly

increased plasma concentrations of thirteen amino acids

(including all essential amino acids and BCAA) compared

with only two in the non-degraded protein diet(21). There

was also a significantly greater increase in plasma insulin

concentrations 1 h after consumption with the protein

hydrolysate diet(21). Thus, compared with consuming

native protein, the consumption of hydrolysed protein

post-surgery may promote greater increases is plasma

concentrations of essential amino acids, resulting in an

environment that is more conducive to tissue repair,

and thus result in a more rapid repair of damaged tissue.

However, additional well-controlled human trials are

required to confirm this finding.

Effect on severe burn recovery

The stress response to severe burn injury initiates a cata-

bolic cascade that rapidly decreases lean body mass(22,23)

and the associated depletion of protein stores leads

to altered immune function and impaired wound heal-

ing(22,23). Considerable attention has focused on attenuat-

ing this response with early nutritional support, with one

study involving the administration of a protein hydrolysate.

Demling & DeSanti(24) compared the effect of two diets – a

standard nutrient supplement (protein intake 1·3–1·5 g/kg

per d) and a high-protein diet plus protein hydrolysate

(70 g/d; protein intake 1·7–2 g/kg per d) on the recovery

of fifteen patients with severe burns. While both

groups gained weight and improved muscle strength and

endurance, the increase in protein intake with the high-

protein/hydrolysate diet increased the rate of restoration

of body weight and muscle function(24). However, the

design of this study did not allow for determination of

whether the more rapid recovery was due to either the

high protein content of the diet or to the inclusion of the

hydrolysate into the diet.

Effect on gastric repair

The benefits of providing hydrolysed protein preparations

has been studied in patients with peptic ulcers or gastric

haemorrhages who require additional protein intake with-

out adding dietary bulk(2). In a group of patients with

hypoproteinaemia following gastrointestinal haemorrhage,

compared with a standard diet, patients who consumed the

standard diet and an additional 150–200 g of protein

hydrolysate returned to normal circulating protein levels

in 10·2 d, where as those on the standard diet only returned

to normal protein levels in 19·5 d(2). The patients consum-

ing hydrolysed protein also reported feeling better and

stronger, and experienced an improved sense of well-

being compared with controls(2). Tui(15) also observed

improved symptoms and ulcer healing in 164 patients

with previously intractable peptic ulcers who were given

very high-protein diets in the form of partially hydrolysed

protein (0·6 g N/kg/d) in an uncontrolled study.

There are several suggestions regarding how protein

hydrolysates might promote the healing of peptic ulcers.

The prompt recovery response is thought to be due to a

combination of the neutralisation of the acidity of the

gastric juice by the strong buffer action of protein hydroly-

sates, reduced work of digestion due to the protein

already being partially digested, and the rapid provision
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of essential protein components and amino acids for tissue

repair(15). Hence the action of neutralisation of the gastric

acid in addition to a rich nutrient supply is believed to

promote a more rapid tissue repair(1).

Effect on pressure ulcer recovery

Nutritional supplements, specifically high-protein diets, are

often used for the treatment and/or prevention of pressure

ulcers (bed sores), although the research supporting this

use is limited. An association between protein nutrition

status and the maintenance of tissue integrity was observed

by Mulholland et al. (25) as long ago as 1943 when they

found that low plasma protein levels were associated

with the occurrence of bed sores and that the ulcers

healed promptly when N balance was restored. This

finding was interpreted as suggesting that protein-deficient

tissues undergo pressure necrosis more readily than

normal tissue(25).

More recently, a study which examined the effect of a

collagen protein hydrolysate supplement on pressure

ulcer healing demonstrated more rapid healing compared

with standard treatment(26). Seventy-one long-term care

residents with pressure ulcers were given standard care

plus either a concentrated fortified collagen protein hydro-

lysate supplement or placebo. Residents who received the

supplement and standard care had significantly better heal-

ing (combined score for parameters of exudate, wound

surface area and tissue type) compared with standard

care with the placebo after 8 weeks of treatment(26).

While both groups had decreased scores, indicating heal-

ing, the protein hydrolysate group had approximately

twice the rate of healing compared with the standard

care-only group, indicating that the collagen hydrolysate

enhanced the recovery process. However, the mechanism

by which the more rapid tissue repair occurred was not

identified in this study.

Effect on preventing the development of atopic
dermatitis-like skin lesions

Whey protein hydrolysates have also been investigated for

their effect on the development of atopic dermatitis-like

skin lesions. Shimizu et al.(27) compared the effect of a

whey protein hydrolysate, casein and a casein protein

hydrolysate diet on the development of atopic dermatitis-

like skin lesions induced by mite antigen in NC/Nga mice.

Thirty-five mice were fed one of the diets for 2 weeks

before and during 4 weeks of mite antigen application.

Whey protein hydrolysate-fed mice showed significantly

less atopic dermatitis-like skin lesions at 2 and 4 weeks,

whereas both casein protein hydrolysate- and casein-fed

mice manifested in a similar manner, with no inhibitory

effect(27). Serum soluble E-selectin was significantly lower

with the whey protein hydrolysate diet and correlated

with skin scores (the degree of erythema/haemorrhage,

oedema, excoriation/erosion and dryness)(27). The patholo-

gic tissue of the whey protein hydrolysate-fed mice had less

infiltration of inflammatory cells, such as neutrophils than

the casein protein hydrolysate-fed mice(27). IgE levels were

similarly elevated in all groups, suggesting that the mechan-

ism for the suppressive effect of whey protein hydrolysate

on atopic dermatitis-like skin lesions is independent of IgE

production(27). There was also no difference in cell prolifer-

ation or cytokine production from cervical lymph nodes,

suggesting that the suppressive effect of whey protein

hydrolysate on atopic dermatitis-like skin lesions did not

involve Tcells(27). The authors proposed that it was probably

due to different effects on macrophages at the inflammation

site through the different peptides resulting from whey and

casein protein digestion(27); however, further research is

needed to investigate these mechanisms.

Effect on recovery from muscle damage

Muscle protein synthesis is depressed for several hours

following tissue injury(28) and exercise(29) while the rate

of protein degradation is increased for days. This results

in a net loss of total protein and limits the rate of restor-

ation of function(28). By counteracting the negative N

balance that occurs after muscle injury, supplementation

that can attenuate functional losses or accelerate recovery

may be useful. It is possible that protein hydrolysates

may be useful for enhancing the recovery from exercise,

specifically recovery of muscle damage induced by

exhaustive exercise(30–32).

Eccentric exercise is associated with skeletal muscle

damage and the more rapid repair of this damage would

facilitate a more rapid recovery of contractile function

and may be accelerated by protein hydrolysates. Buckley

et al.(31) observed that a single dose of a whey protein iso-

late hydrolysate (25 g) resulted in a more rapid recovery of

muscle force-generating capacity following eccentric exer-

cise compared with flavoured water or a non-hydrolysed

whey protein isolate. Participants consuming the whey

protein hydrolysate had complete muscle strength recovery

by 6 h post-exercise while muscle strength in the other

groups was still suppressed at 24 h. The mechanism under-

lying the enhanced recovery was not apparent but was

thought to be due to the supplement accelerating tissue

repair. Despite the more rapid recovery of muscle strength

the whey protein hydrolysate had no effect on muscle

soreness or blood markers of muscle damage and inflam-

mation(31), although the authors argued that the relatively

short time period (i.e. 24 h) over which the assessments

were conducted may have been too short for changes in

blood markers to manifest.

Similarly, Cooke et al.(32) compared a carbohydrate sup-

plement with a hydrolysed whey protein isolate (about

120 g/d) following muscle-damaging exercise. The hydro-

lysed whey protein isolate resulted in an attenuation of

the exercise-induced force reduction during the recovery
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period(32). It was suggested this was due to an increase in

protein synthesis from the essential amino acids contained

in the whey protein hydrolysate supplement and also

attributed to a reduction in the extent of muscle damage

as suggested by a trend for lower plasma lactate dehydro-

genase(32).

Intense and prolonged exercise causes a decrease in

glutamine levels, which may lead to immunosuppression

and consequently a higher incidence of infection and

illness and delayed wound healing(33). Thus, an increase

in glutamine status is required for muscle restoration.

Protein hydrolysates, specifically hydrolysed whey protein

isolate, contain high concentrations of essential amino

acids, including BCAA which are the major precursors for

glutamine synthesis. The consumption of whey protein

hydrolysates has been shown to increase plasma and

muscle glutamine stores(34) and, thus, supplementation

with a rich source of BCAA, such as whey protein hydroly-

sates, may attenuate the decline in plasma glutamine

levels seen after intense endurance exercise(35) and thus

contribute to the maintenance of tissue integrity or pro-

mote tissue repair.

Proposed mechanisms of action

Enhanced availability

The absorption of amino acids by the intestine can have a

critical influence on their availability to peripheral tissues

and therefore the kinetics of amino acid absorption can lar-

gely mediate their subsequent effects on wound healing

and muscle protein anabolism(7). It has been suggested

that the ingestion of a fast-acting protein hydrolysate (i.e.

one which is rapidly broken down and absorbed) results

in a less efficient uptake by the splanchnic bed, resulting

in a more rapid increase in circulating amino acid concen-

trations(7) and thus maximises tissue amino acid delivery.

It is generally accepted that protein hydrolysates are

absorbed faster and utilised more effectively than intact

proteins(6,7,9,10,36–38). A number of studies have shown

that the same N load is absorbed faster when delivered

as hydrolysed protein, or di- and tri-peptides rather

than as whole protein or free amino acids(37–39) and this

results in significantly greater increases in plasma concen-

trations of amino acids and dipeptides(39). These greater

increases in absorption and appearance of amino acids in

plasma have also been associated with greater incorpor-

ation of N into protein, with a number of studies demon-

strating greater N incorporation into tissue protein in

animals fed hydrolysed whey peptides compared with

intact protein(10,40). However, some studies have failed to

demonstrate a greater increase in circulating amino acid

concentrations following consumption of hydrolysed

protein. Farnfield et al.(41) reported that compared with

consuming 25 g of whey protein isolate, the consumption

of 25 g hydrolysed whey protein isolate led to a slower

rate of increase in plasma amino acid concentrations over

the 2 h period immediately post-consumption. Power

et al.(11) also found no difference in the rate of increase

of BCAA in the circulation and no difference in the

estimated rate of gastric emptying over 3 h following the

ingestion of 45 g of intact whey protein or whey protein

hydrolysate. The rate of increase in plasma amino acid con-

centration also appears to be related to the type of protein

consumed, as plasma amino acid concentrations have been

shown to increase more when a whey protein hydrolysate

was consumed compared with a soya protein hydroly-

sate(39). The effects on circulating amino acid concen-

trations, and the mechanisms regulating the magnitude of

increase in concentration, might be specific to the particu-

lar protein or protein hydrolysate consumed, which in turn

might be related to the manufacturing processes to which

the protein has been subjected. Hydrolysates can be

produced by fermentation or by enzymic hydrolysis. The

endproduct depends to a great extent on the duration of

hydrolysis and, for enzymic methods, on the pH and

enzymes used, which can alter the composition of different

proteins in protein isolates and the level of hydrolysis in

protein hydrolysates(7,8,42). Additional research is required

to allow us to better understand the factors that influence

amino acid bioavailability as this can make an impact

substantially on protein synthesis rates, and therefore

potentially influence tissue repair. In particular, effects

on the bioavailability of the BCAA leucine, as well as

valine and isoleucine, are important to study given the

important role of these amino acids in stimulating protein

synthesis(43).

Studies have investigated the acute response of muscle

protein synthesis to the ingestion of protein hydrolysates.

One study compared the effects of rapidly digested

(whey hydrolysate and soya protein) and slowly digested

protein (casein) on muscle protein synthesis at rest and

after resistance exercise and found that the consumption

of whey protein hydrolysates stimulated the greatest

degree of muscle protein synthesis(44). Another study com-

pared carbohydrate with and without a casein protein

hydrolysate during a 2 h resistance exercise session(45).

Protein co-ingestion led to higher plasma amino acid con-

centrations, higher protein oxidation and synthesis rates,

and lower whole-body protein breakdown, which pro-

moted a positive whole-body net protein balance(45).

Another study found that a whey protein hydrolysate,

compared with a free amino acid formula, led to higher

N retention and glutamine stores (plasma and muscle con-

centrations), despite higher glutamine intake with the

amino acid formula(40). The whey protein hydrolysate for-

mula also showed significantly higher energy conversion

efficiency, protein efficiency ratio, N protein utilisation

(retention) and biological value than the amino acid for-

mula(40). These effects might have been due, at least in

part, to the amino acid composition and higher digestibility

of the hydrolysate formula (i.e. absorbed N/ingested N)
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promoting higher plasma essential amino acid concen-

trations and essential/non-essential amino acid ratios than

those fed with the amino acid formula, despite the amino

acid formula providing a higher intake of essential amino

acids(40). The greater increase in glutamine stores with

the whey protein hydrolysate diet may have important

implications for tissue recovery. Glutamine, an important

fuel for some cells of the immune system, may have

specific immunostimulatory effects(34) and is known to be

depleted after severe tissue injury. Rats that were fed the

whey protein hydrolysate diet restored their plasma and

muscle glutamine pools whereas the rats fed with the

amino acid formula, which was richer in glutamine, did

not(40). During tissue injury and inflammation immune

cells increase their glutamine consumption(46). If tissue glu-

tamine requirements are not met by dietary intake or

endogenous production, this leads to a state of glutamine

deficiency. During glutamine deficiency, tissue stores

become depleted and plasma and whole blood glutamine

concentrations decrease, which limits the ability to achieve

optimal responses to catabolism, inflammation and infec-

tion(46,47) and can lead to a negative protein balance(48).

Increase in levels of insulin

Protein hydrolysates have been shown to produce greater

insulinotropic effects compared with intact proteins(11,49)

and it has been suggested that this enhanced insulin

response contributes to protein anabolism(49). Increasing

plasma insulin levels stimulate muscle protein synthesis

and attenuate protein catabolism after injury(13,14) and

enhance muscle and tissue uptake of BCAA. It has been

suggested that the extent of the insulinotropic response is

dependent on both the source and degree of hydrolysis

of the protein(50) and different amino acids/peptides have

been shown to have varying insulinotropic responses.

A recent study found that whey protein hydrolysates

caused significantly greater increases in insulin compared

with whey protein, soya protein and soya protein hydroly-

sates(39). Another study found that peak plasma insulin

concentrations were 28 % higher following the ingestion

of hydrolysed whey protein compared with intact whey

protein isolate(11) and this was independent of blood

glucose concentrations. Both pea and whey protein hydro-

lysates have also elicited a peak insulin response two to

four times greater than cows’ milk (control) and this was

closely related to a greater increase in plasma amino acid

levels, especially leucine, isoleucine, valine, phenylalanine

and arginine(49). On the other hand, it has been shown that

despite no differences in gastric emptying rates and amino

acid absorption, peptide hydrolysates (casein and whey)

elicited about 50 % more gastric secretion than their corre-

sponding whole proteins(51). This consequently led to

higher plasma levels of glucose-dependent insulinotropic

polypeptide, an incretin hormone during the first 20 min

of the gastric-emptying process(51). However, some studies

have shown no difference in insulin and glucagon concen-

trations after the ingestion of intact whey protein and

its hydrolysate(50). Differences in insulinotropic potential

between various protein hydrolysates are probably associ-

ated with amino acid composition and/or the average

amino acid chain length of the protein hydrolysate.

The mechanism by which the ingestion of protein

increases circulating insulin is still uncertain. Several postu-

lated mechanisms include a change in gastric emptying(49),

the magnitude of change in circulating essential amino

acids and the secretion of incretin hormones from the

gut(52). However, Power et al.(11) found no significant differ-

ence in gastric emptying time and rate of appearance of

BCAA over a 3 h period following the ingestion of hydro-

lysed whey protein and whey protein isolate. Postprandial

increases in circulating essential amino acids stimulate a

marked rise in protein synthesis(53,54), and this effect appears

to be due to amino acids themselves acting as the stimulus

and not an effect due to the modest increases in insulin

that result from amino acid ingestion(55).

Bioactive properties

It has also been proposed that protein hydrolysates

may have impacts beyond the simple supply of nutritional

requirements for amino acids(56). The physiological effects

of protein hydrolysates, in particular the ability to speed

recovery from exercise, may be due to the presence of par-

ticular peptide(s) that are produced during the hydrolysis

process. This suggestion is supported by that fact that sev-

eral peptides with known biological activity that are not

possessed by the native protein can be produced by the

hydrolysis of that protein(57,58). An example is the pro-

duction of angiotensin I-converting enzyme-inhibitory

peptides from milk protein following enzymic hydrolysis

or food processing(59). Further research is needed to ident-

ify other bioactive properties of protein hydrolysates that

may assist in various types of tissue repair.

Conclusion

Protein hydrolysates show potential for enhancing various

types of tissue repair. They provide a rich source of protein

which can be useful in situations where excess protein is

needed, such as tissue repair. This consequently aids in

enhancing recovery from surgery, ulcers, burns, muscle-

damaging exercise and even preventing muscle soreness

and enhancing exercise performance. Additional research

is needed to further examine the various roles and mech-

anisms behind protein hydrolysates enhancing tissue

repair and recovery.
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