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ABSTRACT

The objectives of this study were to hydrolyze vgmeteins using a pancreatin and &spergillus oryzagrotease;

to evaluate the degree of hydrolysis (DH) and tleetide profile; and to establish the correlationsi@ng the
analytical methods. Ten hydrolysates were prepatetifferent reaction times and the highest DH whtained by

the protein content method. Good correlations Xr 0.87) between the methods of formaldehyde and
orthophthalaldehyde (OPA), formaldehyde and osmogneet well as osmometry and OPA were observed using
pancreatin. Similar results were obtained betwed&A@nd soluble protein content for the oryzaeprotease. The
action of pancreatin produced the highest contenfitdi- and tripeptides (9.07, 7.12 and 6.46%) ahd kowest of
large peptides (42.43, 41.33 and 41.13%), afte4 and 5 h of hydrolysis, respectively. Using paatire the DH
measured by formol titration and OPA was positivetyrelated with medium peptide content and negétiv
correlated with large peptide content. For tie oryzaeprotease, a strong negative correlation was obsgrv
between the large peptide content and the DH meaisby the OPA method.

Key words: Whey, Protein Hydrolysates, Degree of HydrolyBigptides, PancreatiAspergillus oryza®rotease

INTRODUCTION limited because of its perishable components and
their excessive dilution. However, certain
Cheese manufactures generate whey, a byprodunembrane separation technologies can be used to
that is considered an industrial waste with lowpartially concentrate the whey, giving rise to whey
added value in several countries. The maiprotein concentrate (WPC) as 35-80% proteins
destination of whey is disposal in waterways, o(Brans et al. 2004).
use as animal feed (Madureira et al. 200770 use a protein hydrolysate for dietetic purposes,
Carrasco and Guerra 2010). Nutritional value othe size distribution of peptides needs to be
whey can be improved by enzymatic hydrolysis otharacterized because the length of the peptide
proteins and increase the functional, technicakhain influences the rate of absorption. Several
physiological and bioactive properties of itschromatographic techniques have been studied,
proteins (Benitez et al. 2008; Cheison et al. 2009put they have shown some drawbacks, e.g.,
Although whey is a source of ingredients withinteractions between the solute and the stationary
significant biological value, its usin naturais phase and inefficiency in separating small peptides
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(Silvestre 1997). Silvestre et al. (1994a, b)angential flow system with a 10 kDa cut-off
developed a method based on the fractionation eiembrane and the polyvinylidene fluoride
peptides by size exclusion high performance liquignembranes used for the filtration of the samples
chromatography, which allowed the separation an.22pum) and solvents (0.4am) were purchased
quantification of peptides with molecular masse$rom Millipore (S&o Paulo, SP, Brazil). All other
smaller than 1,000 Da. reagents used in this study were of analytical
The extent of proteolysis can be evaluated by thgrade. The HPLC system used for fractionating the
degree of hydrolysis (DH), referring to theprotein hydrolysates consisted of one isocratic
percentage of cleaved peptide bonds in proteinpump and a UV-Vis detector (1200 Series,
Although there have been many studies on thAgilent, Santa Clara, CA, USA) coupled to a
determination of the DH for whey proteins, therecomputer with ChemStation software for LC
are far fewer data in the literature comparing th&ystems (Agilent, Santa Clara, CA, USA). A
methods used for assessing this parametgsply(2-hydroxyethylaspartamide)-silica (PHEA)
especially for techniques that are based ogolumn (250 x 9.4 mm, im and 200 A pore size)
different principles. Moreover, in these studié® t was used for HPLC. The water for HPLC was

comparisons had been carried out only betweggurified by passage through a MilliQ water
the methods based on the reactionoedmino purification system (Millipore, Billerica, MA,

groups with either derivatizing agent (Nielsen eUSA).
al. 2001) or the pH stat method (Spellman et al.
2003; Cheison et al. 2009). It is worth statingt thaPreparation of hydrolysates from whey protein
the correlation between the DH and the peptideoncentrate
profile of WPC hydrolysates has not previouslyTen WPC hydrolysates were prepared with (A)
been established. pancreatin, pH 7, 50 °C (H1 to H5) and (B)
The objectives of this study were as follows: toAspergillus oryzaeprotease, pH 7, 50°C (H6 to
employ a pancreatin and ahspergillus oryzae H10), varying the hydrolysis time (1, 2, 3, 4 and 5
protease to hydrolyze the WPC proteins; td, respectively) for both enzymes. The pH (7.0)
evaluate the degree of hydrolysis using fouand temperature (50°C) values corresponded to the
different methods as well as the distribution & th optimal conditions for the both the enzymes. WPC
peptides according to the chain size; and teolutions (10%), which corresponded to 3.42%
establish correlations among the methods of Digrotein (w/v), were prepared in distilled water and
determination and between the DH and the peptidte pH was adjusted to 8.0 with a 3 mdi NaOH
profile. solution. Subsequently, the WPC solutions were
heated in an oil bath with continuous stirring
(stirrer model 752A from Fisatom, S&o Paulo, SP,
MATERIALS AND METHODS Brazil) and the enzymes were added in an
appropriate quantity to attain an enzyme:substrate
ratio of 8.0:100 (w/w). The reaction time varied
from 1 h to 5 h, which was stopped by heating the
7 samples at 75 °C for 15 sec. The hydrolysates were
(Flavourzymé'\", activity of 0.69 U.mL) were immediately used for the determination of DH and
klndly provided by AB E”Zym‘:‘s. (Barueri, S_P’then freeze-dried (Freeze Dry System/FreeZone
Brazil) _and Novo_zymes (Araucaria, PR,_Bra2|I),4.5, model 77500, Labconco, Kansas City, MO,
respectively. In this study, the enzyme act|V|tyswaUSA) for the characterization of the peptide

defined as the amount of enzyme required 18 e The hydrolysates were stored in the freeze
liberate 1 g of tyrosine in 1 min at 37 °C. WPC8 e yaroy

WPC 50 oC) until analysis.
(Kerrylac 750) in powdered form was klndly( ) until analysis

provided by Kerry of Brazil Ltd. (Trés Corag6es, petermination of the degree of hydrolysis
MG, Brazil). Formic acid was purchased fromj, ihis study, the degree of hydrolysis was

Merck ~ (Whitehouse Station, NJ,  USA). gyaiuated using four different methods. Two of the
Orthophthalaldehyde (OPA, Code PO0657), 2iathods were based on the determinatioroof

mercaptoethanol ~(code  M6250) and  Folin-ying nitrogen (formol titration and derivatization
Ciocalteu reagent (code F9252) were purchasggiy, opa) and the other methods relied on the

from Sigma (Sao Paulo, SP, Brazil). Theyenression of the freezing point (osmometry) and

Materials
Pancreatin (Corolase PP, activity of 5.97 UL
and an  Aspergillus oryzae protease
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on the quantification of the soluble protein comten 2)
after precipitation with trichloroacetic acid. For

each m(_ethod, a blank using unhydrolyzed WP(\;erre ABS is the absorbance of the samples, d is
was subjected to the same procedure that was used™ iution factor and ¢ is the protein
for the hydrolyzed samples. P

concentration of the sample ()L

DH (%) = (ABS x(::,934x d)

Formol titration

The DH was calculated using the relationshi
betweeny-amino nitrogen (AN) and total nitrogen
(TN) according to Equation 1:

Osmometry

Reor this analysis, a sample volume of |50 was
immediately removed after the reaction to
determine the freezing point, which was measured
using a micro-osmometer (Precision System 5004,
Spectrun, Sdo Paulo, Brazil). The freezing point

o - aminonitrogen(AN)
totalnitrogen(TN)

%DH = x100

oluble protein content in trichloroacetic acid

he degree of hydrolysis of WPC was also
etermined by the percentage of soluble protein in
0% (w/v) trichloroacetic acid (TCA) in relation to
the total protein content of the sample according t

Derivatization with orthophthalaldehyde the method of Hoyle and Merritt (1994), with

For this analysis, the OPA reagent was prepardgodifications. Hydrolysate aliquots of 500
according to the method of Church et al. (1983). Avere mixed with 50QuL of a 20% (w/v) TCA

25 mL volume of sodium tetraborate solution (Logolution to obtain soluble and insoluble fractions
mmol L) was mixed with 2.5 mL of 20% (w/v) " 10% TCA. After 30 min of incubation at room

sodium dodecyl sulfate solution, 40 mg of OpAlemperature, the mixture was centrifuged at 3000 x
(dissolved in 1.0 mL of methanol) and 100 of 9 The soluble protein content of the supernatant

2-mercaptoethanol. The volume was adjusted to 542S determined by the method of Lowry et al.
mL using type | water. The reagent was alway§9°1), which was modified by Hartree (1972),

prepared immediately before the use and placed f'd_the result was expressed as mg of protein.
a vial covered with aluminum foil to protect it Bovine serum albumin was used as the standard.

from the light. The method described by Spellmar] "€ degree of hydrolysis was calculated according
et al. (2003) was used with some modifications fof® Equation 4:

1) depression was used to determine the degree of
The Sorensen method (AOAC 1995) was used fdrydrolysis according to Equation 3, as proposed
quantifying the AN. The formaldehyde reagentby Adler-Nissen (1986):

was prepared by diluting 25 mL of the commercial

solution with 50% ethanol to a final volume of 250 GH (%):(A_CJx(ljx(ijxloo (3)

mL. The pH was adjusted to 7.0 with 0.2 mol L PYoxfosm) (@) \ hot

NaOH solution just prior to use. The pH of the . : ) .
hydrolysate solution was also adjusted to 7.0 wit here AC IS the osmola'rlty (mOsmol Y, I.D% IS

0.2 mol L NaOH solution. Three milliliters of the '€ Protein concentration (_g of proteinkg of
formaldehyde reagent was added to 3.0 mL of th\ﬁ(ater)’ 1 is the cgllbratlon faptor of the
hydrolysate solution and the mixture was stirred)smometer’ rgp_resentlng the' remproqal of the
and titrated with a 0.2 mol'LNaOH solution with ©S™Motic coefficient of peptldes, typically a
phenolphthalein as an indicator of its finalconstant value of .1'04’ anq,th_s the t_otal_ number
endpoint. An excess of the 0.2 mof* INaOH o_fl peptide 'bonds in the protein, which is 8.8 mEq
solution was added and the solution was thefl of protein for whey.

back-titrated with a 0.2 molL.HCI solution until

it became colorless. The required volumes

NaOH and HCI solutions were recorded. The TNy

was determined by the Kjeldahl method (AOAC1

1995).

the derivatization. A volume of 1@L of the DH (% _ soluble proteircontentin10g% TCA (mg x100
reagent and the mixture was allowed to stand at 4)

25°C for 2 min. Subsequently, the absorbance was
read at 340 nm. The degree of hydrolysis was
calculated according to Equation 2:
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Characterization of peptide profiles from WPC  determine the differences between the means of
Hydrolysates the degree of hydrolysis as well as the contents of
The characterization of peptide profiles wageptides and free amino acids in the WPC

performed in two stages, which included thehydrolysates. Significant differences (p < 0.05)

fractionation of peptides by size and theirbetween the means were evaluated by Duncan's
subsequent quantification. The fractionation otest (Pimentel-Gomes 2000). Correlations between
WPC hydrolysates was performed by sizdahe degrees of hydrolysis obtained by the different
exclusion (SE) HPLC on a PHEA column, methods with the contents of the peptides and free
according to the method of Silvestre et al. (1994admino acids were obtained by the Pearson's
using 0.05 mol [! formic acid (pH 2.5) as the correlation coefficient (r), which measured the

mobile phase and isocratic conditions at a flowdegree of association between two variables; p was
rate of 0.5 mL mift for 35 min. The samples were calculated by t-tests using BioStat software (Ayres
dissolved in the mobile phase (0.1% wi/v) anckt al. 2007) for data analysis.

filtered through a 0.2@m membrane, and 50L

of these solutions were injected onto the column.

The mobile phase was filtered through a Q% RESULTS AND DISCUSSION

membrane and degassed by sonication in a@fluence of the methods on the degree of
ultrasound bath (USC1400 model, Unique, Santgyqrolysis

Amaro, SP, Brazil) for 30 min prior to use. Regarding pancreatin action, a wide range of
The rapid method of Correct Fraction Area (CFA)alues of DH can be observed in Figure 1,
as described by Silvestre et al. (1994b) was used §epending on the type of method used in this
quantify the peptides and free amino acids in thgnalysis. The results of the DH of the samples
SE-HPLC fractions of the WPC hydrolysates\yere deducted by the DH values of the blank
Briefly, five whey standard hydrolysates (two(26.69% for OPA, 8.4% for soluble protein content,
using trypsin and three using pancreatin) werg 705 for formol titration and 7.4% for
prepared and then fractionated into four fractiongsmometry). The highest DH results (mean
by SE-HPLC, as described above. The fougs g5os) were obtained for H1, H2, H3 and H4
fractions were collected (Fraction Collector, CF-Inhydrolysates using the soluble protein content
model, Spectrum Chrom, Houston, TX, USA) andnethod. For all the hydrolysates (H1 to H5), the
submitted for amino acid analysis after solvenhjghest values were obtained by this method and
removal (Centrivap, 78100-00D model, Labconcowere much higher than those obtained by the other
Kansas City, MO, USA). The calculation of thethree methods (OPA, osmometry and formol
CFA was performed using specific formula aftertitration).

detection at three wavelengths (230, 280 angdising the soluble protein content method, the
300 nm) to remove the contribution of aromaticaddition of trichloroacetic acid causes in partia,

amino acids. A standard curve was drawn t@otal precipitation of non-hydrolyzed proteins and

the fractions. 2003), resulting in a higher concentration of
o ] soluble free amino acids and small peptides in the
Statistical analysis supernatant. According to Zaia et al. (1998), the

All the assays were performed in three replicate?)rinciple of the Lowry method (Lowry et al.
each measured by triplicate analysis. To verify th§951), which was employed in this study for the
significant hydrolysis effects among the differeniyetermination of soluble” proteins, was based on
treatments, a completely randomized design Wage reduction of the Folin-Ciocalteau reagent. This
adopted using a split-plot (4 x 6 method hydrolysigeqyction takes place either when the side chains
times) analysis scheme, and the results Weig certain amino acids donate four electrons, or
analyzed with SISVAR version 5.3 softwareynen two electrons are removed from each
(Ferreira 2010). An e?(pe'rimental design ConSiStingetrapeptide unit of the peptides and proteins,
of complete randomization was adopted for thgnich is facilitated by the formation of a chelate
factorial analysis (2 x 6 enzyme hydrolysis timeshenveen copper and peptides/proteins. Considering

of the peptide profiles and the results wergn,; pancreatin was an enzymatic preparation
analyzed with Statistica softwarg_. The ANOVAcontaining enzymes with endopeptidase (trypsin
and Duncan tests at 5% probability were used to
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and chymotrypsin) and exopeptidasebasic amino acid residues whose side chains also
(carboxypeptidases) activities (NC-IUBMB 2010)had protons that could be released by the addition
with high activity (5.97 U mL), its action might of formaldehyde (Levy 1935; Taylor 1957).

have led to an efficient hydrolysis of WPC,The OPA method produced the third highest DH
resulting in a large content of small peptidesvalue, as demonstrated in Figure 1 for pancreatin.
These peptides remained soluble after the additio’when using the OPA method, it is important to
of trichloroacetic acid, producing high DH valuesnote that although whey proteins have a high

with the soluble protein content method. percentage of lysine, whosgamino group can
100 also react with the derivatizing agent leadingro a
ey gsepe  IBMM O 3seye overestimation of DH (Church et al. 1983). They
hE . T I - are also rich in cysteine, which reacts weakly and
200 29.82% unstably with OPA, and may reduce the DH of
g g o5 3052 WPC hydrolysates (Spellman et al. 2003). This
g 21.33% R N explained the third position occupied by the OPA
ém lj/ D zzjeAc Jaog  22.48% method in terms of DH value. The practically
5 constant values of DH obtained by the OPA
B 17.20% method in the present study could be attributed to
© 100 the fact that while the actions of trypsin and
126 2390 " 1 50 4,024 chymotrypsin found in pancreatin would lead to a
A N n " A greater exposure of lysine (Gupta et al. 2002;
00 Hinsberger and Sandhu 2004; Page and Di Cera

H1 H2 H3 H4 H5
WPC hydrolysates

2008), thus increasing the DH, the action of
carboxypeptidase A would increase the content of
Figure 1 - Degree of hydrolysis of WPC hydrolysates free sulfhydryl groups by the release of cysteine
obtained by the action of a pancreatin.and low molecular weight peptides containing
Methods of formol titration [{), cysteine (Pacheco and Sgarbieri 2005), thus
derivatization with orthophthalaldehyde |eading to lower DH values.
(#), osmometry #) and soluble protein Other authors have also used the OPA method for
content ¢). The results represent the o\ 5 ating the DH of WPC proteins hydrolyzed by
means of triplicate experiments. Different o atin ~ Using different hydrolytic conditions
capital letters represent significantly o ) )
different @ < 0.05) values for a same of the present study (pH 8, 37 °C, E'S 150,
method and different hydrolysates. Smallf€action time of 8:30 h), Smyth and FitzGerald
letters represent significantly differeqt ¢ ~ (1998) have reported a maximum DH of 11.5%,
0.05) values for a same hydrolysate andwhich is lower than the values obtained in the
different methods. current work (21.33 to 22.48%). The higher results
obtained here could be explained by the addition
of 2-mercaptoethanol. According to Roth (1971),
After the soluble protein content method, thethe reaction of cysteine with OPA can be
method that produced the highest values of Diptimized when the reagent is mixed with a
with pancreatin was formol titration, whose resultsolution of amino acids in the presence of a strong
was only inferior to that obtained by the OPAreducing agent.
method for H1 (Fig. 1). The action of two enzymesAmong the methods used in the current work,
found in the pancreatin preparation could explaimsmometry exhibited the lowest DH results (from
the higher DH values obtained by the3.26 to 4.02%) when using pancreatin (Fig. 1).
formaldehyde method in relation to OPA for mostThis method is based on the relationship between
of the samples. One enzyme is trypsin, whiclthe number of hydrolyzed peptide bonds and the
preferably cleaves the peptide bonds containingsmolarity of the solution, which is evaluated by
residues of lysine, or arginine, and the othemeasuring the freezing point depression as a
enzyme is chymotrypsin, which hydrolyzesfunction of the number of soluble molecules in the
peptide bonds with basic, or aromatic amino acidsample (Wong and Boyce 1988; Rutherford 2010).
(Gupta et al. 2002; Hinsberger and Sandhu 200&herefore, a likely explanation for these low
Page and Di Cera 2008). The action of thesealues could be related to the ability of pancreati
enzymes most likely increased the exposure an enzyme of broad specificity, to increase the
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exposure of aromatic, or basic amino acid residudsor all the hydrolysates (H6 to H10), the DH
(Gupta et al. 2002; Rawlings et al. 2010). Thigesults obtained by the soluble protein content
would cause a pH change in the solution, leadinmethod were superior to those found for the other
to the aggregation of peptides and, consequentlihree methods, except for H10, where no
gradually increasing the viscosity and turbidity ofsignificant difference was observed with the
the solution (Doucet et al. 2003). There are nformol titration results (Fig. 2). As th&. oryzae
reports in the literature using soluble proteinprotease (Flavourzym®) has endo- and
content, osmometry, or formaldehyde to assess tlexopeptidase activities, its action might have
degree of hydrolysis of WPC by the action ofreleased considerable amounts of soluble small
pancreatin. peptides, which would have reduced the Folin-
As shown for pancreatin, a wide range of DHCiocalteau reagent (Zaia et al. 1998), resulting in
values were also observed far oryzaeprotease, higher DH values obtained by the soluble protein
which varied with the method used (Fig. 2). Thecontent method. The lower DH results obtained
DH values of the blank (26.6% for OPA, 8.4% forwith the A. oryzaeprotease by the soluble protein
soluble protein content, 6.7% for formaldehydecontent method compared to pancreatin could be
and 7.4% titration for osmometry) were subtracte@xplained by the predominant activity of the
from the DH values of the samples. It wasexopeptidase of the A. oryzae protease
noteworthy that for this enzyme, the influence ofFlavourzymé") (Smyth and FitzGerald 1998;
the method on the DH results showed a similaBriczinski and Roberts 2002) as well as its lower
ranking as pancreating., higher DH values were activity (0.69 U mlL'). Furthermore, the action of
obtained with the soluble protein content methodhe A. oryzaeprotease might have resulted in less
followed in order by formol titration, OPA method protein breakdown than pancreatin, leading to a
and osmometry. reduced amino acid content in the supernatant and
consequently, the inferior degree of hydrolysis

40.0

measured by this method.
— After the soluble protein content method, the
2996 3005 -8~ method that produced the highest DH values with
<0 geaee 07T = the A. oryzaeprotease was formol titration, whose
3 - AT S results were only inferior to that obtained for H6
2 18.83% R R by the OPA method (Fig. 2). The use of formol
200 e 01 o4z 1omee titration for assessing the degree of hydrolysis is
based on the fact that the reaction of the sample
g 15.14% with formaldehyde releases a protorf)Yftom the
100 ) free amino group that can be titrated with an
A . e ke 380 alkaline solution. Thereafter, the amount of alkali
. added, after subtraction of the blank value, is
' Ho H7 He HO H10 considered to be equivalent to the amountof
WPC hydrolysates amino groups present in the protein solution

Figure 2 - Degree of hydrolysis of WPC hydrolysates (Denis et al. 2008). However, the release of certai
obtained by the action dfspergillus oryzae amino acids with titrated side chains and the
protease. Methods of formol titrationdf,  buffering capacity of the amino groups might
derivatization with orthophthalaldehyde)( interfere with this titration (Levy 1935). Although
osmometry &) and soluble protein content the low activity of theA. oryzaeprotease could
(®). The results represent the means ohave led to a lower cleavage of the protein
triplicate  experiments.  Different  capital molecule and resulted in a lower amino acid

letters represent significantly differerd € content in the supernatant, according to Margot et
0.05) values for the same method and

different  hydrolysates. Small letters al. (1994), large peptides t_hat Were_eventually
represent significantly differentp& 0.05) releasgd, showed no bl_Jfferlr!g Cap.aCIty becau'se
values for the same hydrolysate and differenfn® @mino groups found in their peptide bonds (_j'd
methods. not accept protons. Thus, the number of amino
groups released by the action of thAe oryzae
protease might have been sufficient to react with
the formaldehyde, allowing the titration of the
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protons that were released. This could partiallyime increased from 1 h (15.14%) to 2 h (22.26%)
explain the results found in the current study wheand from 2 h to 3 h (26.50%).
this method was used to determine the degree ®he A. oryzaeprotease (Flavourzymé) has both
WPC hydrolysis. endo- and exopeptidase activities, with the latter
As in the case of pancreatin, the lowest values dfeing more predominant (Smyth and FitzGerald
DH were found when osmometry was used td998; Briczinski and Roberts 2002). Thus, the
evaluate this parameter. Considering the lovgradual increase of the DH measured by formol
enzymatic activity of theA. oryzaeprotease, the titration could be related to the gradual release o
action of this enzyme could have caused in a lessmino acids, whose pKa values were different
protein breakdown, resulting in significantwhen they were in the free form vs. the peptide
production of large peptides having a higheform. This results in alterations of the reaction
capacity for aggregation and gel formation (Otte emedium pH, thereby allowing the titration of the
al. 1996). This would change the viscosity of theside chains of certain amino acids, as well as the
samples, thus reducing the DH measured bseaction of free g-amino groups with
osmometry. There are no reports in the literatureormaldehyde (Levy 1935; Taylor 1957).
using soluble protein content, OPA, osmometry oTaking into account the more pronounced
formaldehyde to assess the degreeAoforyzae variation of the DH results with the reaction time
protease-mediated hydrolysis of WPC. found for the formol titration compared to the
other methods, this method could be considered to
Influence of reaction time on the degree of pe the most suitable for the evaluation of the DH
hydrolysis of WPC hydrolysates obtained by the action of an
The effect of the reaction time on the DH is ShOWlA_ oryzaeprotease, as shown for pancreatin_ On|y
in Figure 1. For pancreatin, reaction time had n@ne report was found in the literature addressing
influence on the DH obtained by the solublethe evaluation of the DH of WPC hydrolysates
protein content, OPA and osmometry methodsphtained by amA. oryzaeprotease. In contrast to
The only change in the DH due to reaction timghe current work, Smyth and FitzGerald (1998),
was observed for the formaldehyde method at thgsing different hydrolytic conditions (pH 8, 37 °C,
beginning of the reaction. A sharp increase:S ratio 1:50), found a significant variation
(44.5%) was found when the reaction timepetween the DH obtained after 30 min (7.1%) and

increased from 1 h (17.20%) to 2 h (24.86%)that was obtained after 8 h (24.3%) of reaction
From this point forward, no significant differencesysing the OPA method.

were observed for up to 5 h of reaction time. These

results indicated that the formaldehyde methodtorrelation among the methods for evaluating
was the most suitable among the tested metho@ise degree of hydrolysis

for assessing the DH of WPC hydrolysatestable 1 shows the occurrence of a positive and
obtained by the action of a pancreatin, with theignificant correlation of strong intensity in tbre
caveat that hydrolysis proceeded for a maximurgases for pancreatin (formaldehyde with OPA,
of 2 h. formaldehyde with osmometry and OPA with
In the case of thé. oryzaeprotease, the effect of osmometry) and in only one case for theoryzae
the reaction time on the extent of WPC hydrolysiprotease (OPA with soluble protein content),
was somewhat more evident than for pancreatiaccording to the values established by Sampaio
(Fig. 2). The reaction time changed the DH no{2002),i.e., r > 0.7 andp < 0.05. There were no
only measured by the formaldehyde method, bysrior reports in the literature in which a corriat
also when soluble protein content and OPAwas evaluated among the same methods employed
methods were used. When the reaction time wda this study to determine the DH of WPC
increased from 1 h to 2 h, there was a smaHydrolysates obtained by the action of pancreatin
increase in the DH, as measured by the solubkendA. oryzaeprotease.

protein content (from 26.46 to 29.96%) and OPA

(from 18.83 to 19.91%). For the formaldehydePeptide profile of WPC protein hydrolysates
method, the influence of the reaction time on th&he SE-HPLC technique used here proved to be
DH was higher and longer because a significargfficient for fractionating the WPC hydrolysates,
increase in the DH occurred when the reactioespecially for the peptides with molecular masses
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lower than 1,000 Da. The hydrolysates wergrotein sources and varied hydrolytic conditions.
resolved in four fractions: F1 - large peptideghwi Specifically, studies with casein (Morais et al.
more than seven amino acids residues; F2 2005), skim milk (Soares et al. 2007), whey (Silva
medium peptides, with four to seven amino acidset al. 2007; Souza et al. 2008), rice (Lopes et al.
residues; F3 - di- and tripeptides and F4 - fre@008) and wheat flour (Carreira et al. 2011) could
amino acids. This result agreed with previoude highlighted.

studies using the same technique for fractionatin§ignificant variations in the peptide profiles bét
the enzymatic hydrolysates obtained from severalifferent hydrolysates are shown in Table 2.

Table 1 -Correlation among the methods for the evaluatiothefdegree of hydrolysis.

Comparisons 2ancreatin . ,?\aspergillus oryzae FEf)rotease
Formaldehyde with OPA 0.9616 0.0090 0.8461 0.0707
Formaldehyde with Osmometry 0.8784 0.0493 0.3022 621
Formaldehyde with Soluble Protein -0.3337 0.5831 7180 0.1719
OPA’ with Osmometry 0.9515 0.0127 0.6582 0.2271
OPA’ with Soluble Protein -0.3552 0.5575 0.9596 0.0097
Osmometry with Soluble Protein -0.5659 0.3199 01592 0.2927

3r: correlation?p: determined by Studentest with significant differences fpr< 0.05;°OPA: orthophthalaldehyde

Table 2 -Peptide and free amino acid content in chromatdacdpactions of WPC hydrolysates.

Reaction time (h) F1° F2° F3* F4°

Hydrolysates Pancreali

H1 1 56.69 + 1.9° 35.63+2.0° 4.22+0.2° 3.46 £ 0.37
H2 2 4554 + 0.5° 42.02 +0.6* 6.43 +0.76 6.01 +0.8°
H3 3 42.43 +2.8°F 44.65 +2.0" 9.07 £ 0.7 3.85+0.1¢P
H4 4 41.33+4.8F 4357 +4.74 7.12+0.78 7.98 + 0.6
H5 5 41.13 +2.5F 44,18 + 3.4" 6.46 +0.1° 8.22 + 1.04

Aspergillus oryzaproteas

H6 1 81.35+ 1.4 1457 + 1.6F 0.21 + 0.0F 3.87 £ 0.2¢P
H7 2 70.55 + 1.2° 23.40 +1.9° 2.79+0.4F 3.26 + 0.5°
H8 3 72.10 £+ 0.48 20.52 + 0.7°P 3.14 +0.1F 4.23 +0.4°P
H9 4 72.23+1.78 21.10+1.1° 2.62 +0.1F 4.05+ 0.5¢P
H10 5 72.73 +1.458 16.74 + 2.0°F 5.66 + 0.4° 4.87 + 0.4€

Values are in % of nmol of the four fractions amgbresent the means of triplicate + standard edferent numbers represent
significantly different p<0.05) values for different fractions of the saryerolysate °F1: large peptides (> 7 amino acid residu&;
medium peptides (4 to 7 amino acid residués3; di- and tripeptides,F4: free amino acids. Different letters (A, B, Crepresent
significantly different f < 0.05) values for the same fraction of differeydfolysates.

Aiming at choosing the most appropriateefficiently absorbed than is an equivalent mixture
hydrolysates for the development of nutritionalof free amino acids.

supplements for clinical usprevious studies were From a nutritional point of view, hydrolysates H3,
considered. During protein metabolism, the firsH4 and H5, prepared using pancreatin, showed the
stage of hydrolysis leads to the formation of fredest peptide profiles. Hydrolysate H3 had a higher
amino acids (AA) and small peptides (2-6 AAdi- and tripeptide content, whereas H4 and H5 had
residues), which can be further hydrolyzed byhigher amount of free amino acids. The quantity of
brush border peptidases to produce AA and di- anldrge peptides was similar for these three
tripeptides (Hinsberger and Sandhu 2004). Thhydrolysates.

amino acids can be absorbed either in the free

form, by simple and facilitated diffusion Correlation between the peptide profile and the
(membrane transporters), or in the di- andlegree of hydrolysis

tripeptide form (oligopeptide transporters) (Gilber A significant correlation f < 0.05) between the
et al. 2008). Furthermore, according to FrenharlPH and the content of peptides and free amino
and Burini (1999), the di- and tripeptides are mor@cids was found for some hydrolysates (Table 3).
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Table 3 -Correlation between the degree of hydrolysis aedogptide profiles of WPC hydrolysates.

Degree of Chromatographic Pancreatin Aspergillus oryzae protease
hydrolysis (method) fractions ré p’ ré p
F1° -0.9736 0.0051 -0.7992 0.1046
Formaldehyde FZ 0.9274 0.0232 0.3876 0.5191
F3 0.6428 0.2420 0.8879 0.6376
F4° 0.8145 0.0931 0.5887 0.2993
F1 -0.9273 0.0233 -0.8941 0.0407
OPAS F2 0.8977 0.0386 0.7527 0.1419
F3 0.6428 0.2420 0.5660 0.3199
F4 0.8145 0.0931 0.1310 0.8337
F1 -0.7808 0.1190 -0.6624 0.2231
Osmometry F2 0.7221 0.1683 0.8709 0.0546
F3 0.6579 0.2274 0.0039 0.9951
F4 0.7161 0.1736 -0.4337 0.4656
F1 0.1503 0.8094 -0.7814 0.1185
Soluble Protein F2 -0.0580 0.9261 0.7286 0.1626
Content F3 0.4129 0.4896 0.3923 0.5136
F4 -0.6634 0.2222 0.0248 0.9685

%r: correlation®p: determined by Studentest with significant differences far< 0.05;°0PA: orthophthalaldehyd&E1: large peptides
(> 7 amino acid residuesE2: medium peptides (4 to 7 amino acid residUes);di- and tripeptide$F4: free amino acids.

However, the intensity of the correlatiar) yaried CONCLUSIONS

depending on the type of the method used for

determining the DH as well as the type of enzym&he hydrolytic conditions tested in the current
used in the WPC hydrolysis. According tostudy yielded WPC hydrolysates with varying
Sampaio (2002), values higher than 0.7 wiftn<  degrees of hydrolysis. The best results were found
0.05 indicated a strong association between thesing the soluble protein content method.
data. However, the most accentuated differences in the
With regard to pancreatin, a strong positiveDH and the reaction time were obtained by the
correlation was observed between the content débrmaldehyde method for both the enzymes
medium peptides (F2) and the DH obtained bypancreatin ané. oryzaeprotease). With regard to
formaldehyde and OPA. Additionally, a strongthe peptide profile, the best results were obtained
negative correlation with the content of largeby the action of pancreatin, and this enzyme
peptides (F1) was found for these two methods. Iproduced three hydrolysates (H3, H4 and H5) with
the case of thé\. oryzaeprotease, only a strong similar peptide profiles. Moreover, in some cases,
negative correlation was observed between théhere was a significant correlation between the
concentration of large peptides (F1) and the DHiegree of hydrolysis and the large peptide content.
for the OPA method. As expected, these results

indicated that, in some cases, an increase in the

hydrolysis time of WPC proteins produced moreACKNOWLEDGMENTS
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