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Abstract

The aim of this study was to identify the angiotesonverting enzyme inhibitory peptides
released aftein vitro gastro-intestinal digestion of skimmed goat milke experimental approach
combined the recently developed harmonized statitro digestion model and mass spectrometry
to identify bioactive peptides. Peptides in thetyga@creatic digested were extracted by
ultrafiltration and isolated by reversed-phase pghformance liquid chromatography following
mass spectrometry identification. Among the idesdifsequences, eighteen were identical to
known bioactive peptides with ACE-inhibitory actii Peptides with dipeptidyl peptidase V-
inhibitory and antioxidant activities were alsonti@ed. This is the first report demonstratingttha
the antihypertensive tripeptides valine-prolinelm® and isoleucine-proline-proline were released
from goat milk proteins durinm vitro gastro-intestinal digestion at concentrations8#98 +

216.4 and 141.4 + 15yig L, respectively. This research underlines the silitabf the

harmonized digestive model system to study thesel®f short bioactive peptides during gastro-

intestinal transit.
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1. Introduction

Bioactive peptides are short sequences, encryptdiaei parent proteins, which should be released
to exert their activity in the human body (Nongoma, & FitzGerald, 2015). Proteins from milk,
especially from cow’s milk, are the best sourcebmfactive peptides with various physiological
activities including antioxidant, antibacterial, imane-modulating, dipeptidyl peptidase IV (DPP-
IV) and angiotensin-converting enzyme (ACE) inhdit (Nongonierma, & FitzGerald, 2019)he
biological activity of these peptides is based loedmino acid composition and sequence. The size
of these bioactive peptide sequences playing multiional activities may vary from two to twenty
amino acid residues (Nongonierma, & FitzGerald,3)0Recently, also milk from other species,
such as camel and goat have been exploited fordiease of bioactive peptides (De Gobba,
Espejo-Carpio, Skibsted, & Otte, 2014a; Espejo-@arpt al., 2016; Tagliazucchi, Shamsia, &
Conte, 2016a).

Goat milk is one of the most important nutritiof@ds around the world, especially in Asia,

Africa and many European countries. It has beendda be a good substitute of human milk in
infant formulas especially for children who sufédlergic reactions to cow milk (Yadav, Singh, &
Yadav, 2016). Caseins are, quantitatively, the nmpobrtant proteins in milk. The caseins
concentration in sheep milk is higher than cow, elaamd goat (Park, Juarez, Ramos, & Haenlein,
2007). Goat, camel and sheep milk have differeop@rtions of the four major caseinrsS({,aS2,

B, ¥) compared to cow counterparts. It has been regdintt3-casein is the major component of
sheep and goat milk casein (from 18 to 24%y (Ruprichova et al., 2015). The major component of
cow’s milk casein i&S1 (~12 g L) followed byp-casein (~11 g ) (Omar, Harbourne, Oruna-
Concha, 2016). Camel milk contaifigasein amounts comparable to cow’s milk (~12%y hut

lower level ofuS1-casein (~3 g'L) (Omar et al., 2016). Level afcasein is relatively higher in

cow, sheep and goat milk (~4-5 g)Lrespect to camel milk (~2 g (Omar et al., 2016;

Ruprichova et al., 2015).
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Several studies have been done to investigateidlaettyity of goat milk protein hydrolysate and
the release of ACE-inhibitory and antioxidant pees with individual proteases such as
thermolysin, trypsin, subtilisin, papain and pepsitheir combinations (Ahmed, El-Bassiony,
Elmalt, & Ibrahim, 2015; Espejo-Carpio, De Gobbaa@ix, Guadix, & Otte, 2013; Hernandez-
Ledesma, Recio, Ramos, & Amigo, 203pejo-Carpio et al. (2013) and De Gobba et all43D
identified many casein-derived peptides from hygietl proteins of goat milk, which were
enzymatically liberated by a combination of subtiliand trypsin. Among them, many peptides
contained tyrosine in their sequence and had adaox and ACE-inhibitory activities. ACE-
inhibitory peptides represent sources of healthaanimg compounds of special interest, as
hypertension is a major independent risk factoctydiovascular and related diseases. ACE is a
dipeptidyl carboxypeptidase that catalyaesjivo, the conversion of the plasmatic peptide
angiotensin | into the potent vasoconstrictor atggisin Il. Inhibition of ACE plays an important
role in the regulation of blood pressure and dthgs inhibit ACE are commonly prescribed for the
treatment of hypertension or related cardiovasalikgases (Acharya et al., 2003).

Furthermore, antioxidant peptides are particulargresting because they can potentially prevent
or delay oxidative stress associated chronic dese@d/illcox et al. 2004). In this sense, milk
proteins have been considered as a carrier fateheery of antioxidant peptides in the gastro-
intestinal tract where they may exert direct proweceffects by scavenging reactive oxygen species
and reducing the oxidative stress (TagliazucchlaK¥erzelloni, & Conte, 2016b).

Recently, several DPPI-IV-inhibitory peptides hdezn isolated and characterized from goat milk
proteins hydrolysed with a combination of trypsmdahymotrypsin (Zhang, Chen, Ma, & Chen,
2015). DPP-1V inhibitors can be used to reduce DNPRetivity and increase the lifetime of
incretins. These are peptidic gut hormones, whilchudate insulin secretion ardcell-

proliferation but that are quickly degraded by br®rder intestinal DPP-1V (Sebokova, Christ,
Boehringer, & Mizrahi, 2007). DPP-IV inhibitors cae employed in the management of type 2

diabetes, reducing DPP-IV activity and increasimglifetime of incretins (Sebokova et al., 2007).
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However, despite many reports about the releab@attive peptides from goat milk proteins after
enzymatic treatment, there is also a lack of infation on the identification of peptides released
afterin vitro gastrointestinal digestion of goat milk. Our resbagroup recently employed a
harmonized basic statin vitro digestive model, simulating human digestion angetigped within

the COST action INFOGEST (Minekus et al., 20143ttaly the release and fate of short ACE-
inhibitory peptides from camel and cow milk as wasdlfrom vegetable substrates such as pinto
beans (Rutella, Solieri, Martini, & Tagliazucch@1®; Tagliazucchi, Martini, Bellesia, & Conte,
2015; Tagliazucchi et al., 2016a).

The aim of this study was to investigate the reded#sACE-inhibitory peptides during simulated
gastro-intestinal digestion of skimmed goat milkeTdigested samples were characterized for their

ACE-inhibitory activity and the bioactive peptideentified using mass spectrometry analysis.



77 2. Materials and methods

78  2.1. Materials

79  All MS/MS reagents were obtained from Biorad (HéesyCA, U.S.A.), whereas the chemicals and

80 enzymes for the digestion procedure, ACE assayagcee of hydrolysis determination were

81 purchased from Sigma-Aldrich (Milan, Italy). Amicdfitra-0.5 regenerated cellulose filters with a

82  molecular weight (MW) cut-off of 3 kDa were supjpliby Millipore (Milan, Italy). The whole goat

83  milk was obtained from farms at El-Alamin and SB#irani areas around Alexandria (Egypt).

84  Valine-proline-proline (VPP) and isoleucine-prolipmline (IPP) peptides (95% purity) were

85 synthesized by DBA (Milan, Italy). All the otheragents were from Carlo Erba (Milan, Italy).

86

87  2.2. Chemical analysis of skimmed goat milk

88 Raw goat milk was pasteurized for 15 seconds #itecentral temperature reached 72°C and

89 immediately defatted by centrifugation at 2§@6r 20 min at room temperature to obtain the

90 skimmed goat milk. This last was stored at -80°@l turther analysis. Skimmed milk sample was

91 analysed for pH, total solids, fat, and lactosgbgnol-sulphuric acid method, and total nitrogen,

92  non-casein nitrogen by micro-Kjeldahl as reportgd agliazucchi et al. (2016a).

93

94  2.3.Invitro gastro-intestinal digestion of skimmed goat milk using the harmonized protocol

95  For thein vitro digestion, the protocol previously developed witthie COST Action INFOGEST

96 and further validated for milk was followed (KopBBnz et al., 2012; Minekus et al., 20Wth a

97  minor modification for adaptation to milk (Tagliazhi, Helal, Verzelloni, Bellesia, & Conte,

98 2016c). The protocol consisted of three consecuigps: oral, gastric and intestinal phases.

99  Simulated salivary, simulated gastric, pancreatit laile fluids were prepared according to Kopf-
100 Bolanz et al. (2012). To simulate the oral phasal%f skimmed goat milk were mixed with 12
101 mL of simulated salivary fluid containing 150 U mhbf porcinea-amylase and incubated for 5 min

102  at 37°C on a rotating wheel (10 rpm). The gasthage was carried out by adding to the bolus 24
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mL of simulated gastric fluid. The pH was adjuste@.0 with HCI 6 mol [* and supplemented

with porcine pepsin (1115 U miLof simulated gastric fluid). The gastric bolus whesn incubated
for 120 min at 37°C on a rotating wheel (10 rpm)oer amount of pepsin was chosen in respect
to the INFOGEST protocol since, in a previous w@rligliazucchi et al., 2016c), the digestion of
cow milk with a ratio of ~3000U of pepsin per mLroflk, as that used in the current study,
resulted in a peptides pattern at the end of thedtiion similar to the results obtainedivo by
Boutrou et al. (2013) from jejunal effluents of hlbg humans after ingestion of caseins and whey
proteins separately. The intestinal digestion veased out by adding to the gastric bolus 24 mL of
pancreatic fluid and 12 mL of bile fluid, adjustitige pH to 7.0 and supplemented with pancreatin.
The chyme was further incubated for 120 min at 3@AG rotating wheel (10 rpm). The digested
samples were immediately cooled on ice and froze®@°C for further analysis. The digestions
were performed in triplicate. In addition, a cohttestion, which included only the gastro-
intestinal juices and enzymes, and water in pldeeilk, was carried out to consider the possible
impact of the digestive enzymes in the subsequalysis.

For each digestion, aliquots were taken after O5amdnutes of salivary digestion, after 30, 60 ,90

and 120 minutes of gastric digestion and aftet680,90 and 120 minutes of intestinal digestion.

2.4. Assessment of protein hydrolysis during the digestion and fractionation of the post-pancreatic
sample

The peptide concentration was used as an indicafipnotein hydrolysis in the un-fractionated
samples collected during the salivary, the gasinid the pancreatic phases of the digestion and
measured by the 2,4,6-trinitrobenzenesulfonic 8ENBS) assay using leucine as standard amino
acid (Adler-Nissen, 1979).

The hydrolysis degree (DH) was calculated as regdart equation (1):

DH= (h/hwt) -100 (1)
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Whereh is the hydrolysis equivalent, defined as the cotraion in milliequivalents/g of protein
of a-amino groups formed at the different stages osthmilated digestion, artdot is the
hydrolysis equivalent (total number of amino grgugiscomplete hydrolysis to amino acids. The
total number of amino groups was determined bydlyding skimmed goat milk in 6 mofLHCI
at 110°C for 24 h. Thedavalue was calculated resulting in 8.6 milliequerts per gram of
protein. DH data were subtracted with the datainbthin the control digestion.

Low molecular weight peptides were extracted bgafiltration from the post-pancreatic digested
samples (corresponding to the aliquots collectest 420 min of pancreatic digestion). Briefly,
mL of sample were loaded on an Amicon Ultra-4 nahfiiter (cut-off 3 kDa) and centrifuged at
750@y for 120 min at 4°C using a Hermle Z383K refrigethtentrifuge (HERMLE Labortechnik
GmbH, Wehingen, Germany). The filtrates, containow molecular weight peptides, were
collected and freeze-dried. The peptide conteth@filtrates was determined by using the TNBS
method as described above and expressing thesesuthg of leucine equivalent mhL

The absorbance was read using a Jasco V-550 U¥péistrophotometer (Orlando FL, U.S.A.).

2.5. Measurements of ACE-inhibitory activity

ACE-inhibitory activity was measured by the speghatometric assay of Ronca-Testoni (1983)
using the tripeptide, N-[3-(2-furyl)acryloyl]-L-pinglalanyl-glycyl-glycine (FAPGG) as substrate.
The reaction was monitored at 345 nm for 10 mim.tRe calculation of the g value, the ACE
assay was carried out in presence of different amtsoof the un-fractionated samples collected
during the gastric and pancreatic phases of thestli@n and of the lower and higher of 3 kDa
fractions of the post-pancreatic samplesol®as defined as the concentration of peptides redui
to inhibit 50% of the enzymatic activity.

The absorbance was read using the same Jasco M\G%s spectrophotometer as reported in

paragraph 2.4.
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2.6. High-performance liquid chromatography separation of the peptide fraction

High-performance liquid chromatography (HPLC) sagian of the peptide fractions (< 3 kDa)
obtained from the post-pancreatic sample afteatillnation was performed with a Jasco HPLC
system equipped with a 250mm x 4.6mm reversed pdw@aen Hamilton HxSil C18 (Hamilton,
Reno, NV, USA) as described by Tagliazucchi e(2015). A linear gradient of solvent B
(acetonitrile-trifluoroacetic acid 0.027%) in A (tea-trifluoroacetic acid 0.037%) ranging from 0%
to 45% in 115 min with a flow rate of 0.5 mL rrfinvas used to separate the peptides contained in
the low molecular weight fractions of digested milke PDA detector was set at 214 and 280 nm.
Nine major fractions were collected. These fradiaere characterized for their peptide content
(paragraph 2.4) and ACE-inhibitory activity (paragin 2.5)The yield of the collected fractions

was calculated as follows: peptides concentratiahe fraction*100/peptides concentration in the

post-pancreatic < 3 kDa permeate.

2.7. Nanoflow liquid chromatography accurate mass quadrupole time-of-flight mass spectrometry

with electrospray ionization (LC-ES-QTOF MS) analysis of the HPLC fractions

The fractions with the highest ACE-inhibitory adtyvcollected from HPLC were subjected to
QTOF MS/MS analysis for peptide identification. MdrC/MS and tandem MS experiments were
performed on a 1200 Series Liquid Chromatographedimensional system coupled to a 6520
Accurate-Mass Q-TOF LC/MS via a Chip Cube Interfésgilent Technologies, Santa Clara, CA,
USA). Chromatographic separation was performed BrodD-Chip-43(ll) including a 4mm 40 nL
enrichment column and a 43mm »uf® analytical column, both packed with a Zorbax IBGS

um C18 phase (Agilent Technologies).

For peptide identification, a non-targeted approaeak applied as reported by Tagliazucchi et al.
(2015). The mass spectrometer was tuned, calibeatédet with the same parameters as reported
by Dei Piu et al. (2014). For peptide identificat@and sequencing, MS/MS spectra were converted

to .mgf andde novo peptide sequencing was performed using Pepnowaat
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(http://proteomics.ucsd.edu/ProteoSAFe/). The falmaparameters were considered: enzyme,

none; peptide mass tolerance, + 40 ppm; fragmess iderance, £ 0.12 Da; variable
modifications, oxidation (M) and phosphorylationT§S maximal number of PTMs permitted in a
single peptide, 3.

A search for the biological activity of peptidegidified was carried out through the BIOPEP

database_(http://www.uwm.edu.pl/biochemia/biopepisbiopep.php). Confirmation of peptides

sequence in goat milk proteins was performed uBeygfide Match

(http://research.bioinformatics.udel.edu/peptidematdex.jsp).

2.8. Quantification of valine-proline-proline (VPP) and isoleucine-proline-proline (IPP) in HPLC
fractions

For the quantification of VPP and IPP, a targefgar@ach as described by Rutella et al. (2016) was
employed. Monoisotopic precursor selection wasiagb identify the lactotripeptides. VPP and
IPP were selectively fragmented using a mass tmehatio of 312.18 and 326.21 (charge +1),
respectively. The assignment process was compleahamd validated by the manual inspection of
MS/MS spectra. VPP and IPP were quantified usiegiiethod reported by Solieri, Rutella, and

Tagliazucchi (2015) and their amount expressedgds’iof hydrolysates

2.9. Satistical analysis

All data are presented as mean + standard devigdibi for three replicates for each prepared
sample. Univariate analysis of variance (ANOVA)witukey post-hoc test was applied using
Graph Pad Prism 6.0 (GraphPad Software, San D@&§plUSA). The differences were considered

significant withP <0.05.

10
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3. Results and Discussion

3.1. Assessment of protein hydrolysis during simulated digestion

The chemical composition of skimmed goat milk espesl as percentage (w/w) was: total solids
14.5%, total proteins 3.78%, caseins 2.92%, wheteprs 0.86%, lactose 4.55%, fat <0.05%. The
pH was 6.64. Composition of goat milk can be veffetent depending on the diet, breed, feeding,
environmental conditions, stage of lactation analthestatus (Yadav et al., 2016). For example,
total solids can range from 11 to 19% and totatgins from 1.9 to 5.3% (Yuksel, Avci, Uymaz, &
Erdem, 2012). Wide variability can also be obserfeedotal caseins (2.33-4.63%) and whey
proteins (0.37-1.8%) (Yadav et al., 2016). Vicesaelow variability has been found for lactose
(4.6-4.9%) and pH (6.47-6.82) (Yadav et al., 20l0@es, Castro, Arguello, & Capote, 2013;
Yuksel et al., 2012). Due to the highest conteraltium, vitamins (such as vitamin A, C and D),
proteins and medium chain triglycerides, goat rhdk some nutritional benefits in comparison
with cow’s milk (Park et al., 2007). Besides nudrial quality, functional properties of proteing ar
also important for human health. Enzymatic hydnslys known to improve functional properties
of dietary protein without affecting its nutritiv@lue by converting it into peptides with desired
bioactivity. During digestion, the combined actimirgastro-intestinal proteolytic enzymes may lead
to the release of bioactive peptides from goat mitkeins.

The hydrolysis of goat milk proteins during timevitro digestion was evaluated with the TNBS
assayFigure 1 reports the resulting DH values, relative to tbhetool condition, at various steps of
the simulated gastro-intestinal transit. As expdcsemulated salivary digestion did not affect the
hydrolysis degree. Un-digested goat milk showedHa0D3.9 + 0.2%, which was 4.3 + 0.4% after 5
minutes of salivary digestiof?(> 0.05). After 30 min of the gastric digestiong fAH sharply
increased to 22.5 + 1.8%iQure 1). After that, the peptic activity resulted in ather slight

increase in DH during the 120 minutes of gastrgediion. The transition from gastric to pancreatic

treatment increased DH values significantly from4282.3% at the end of gastric digestion to 65.1

11
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+ 1.0% after 30 min of pancreatic digesti&x(.0001) Figure 1). Subsequently, the DH rose
gradually reaching the maximum value of 82.7 + 1&f%ér 120 min of the intestinal incubation.

A comparison with previously reported data (Rutelial., 2016; Tagliazucchi et al., 2016a)
showed thagoat milk proteins were more prone to hydrolysigghgtro-intestinal proteases respect
to cow and camel milk digested with the same hairssshdigestion modeln vitro gastro-
pancreatic digestion of cow and camel milk resuiteDH values of 57.4% and 69.6%,
respectively, in comparison to the value of 82. 0Unf in goat milk (Rutella et al., 2016;
Tagliazucchi et al., 2016a). The highest digestjbdf goat milk proteins seems related to the
higher susceptibility of these to peptic digestimmpared to camel and cow milk proteins. The DH
value measured after peptic hydrolysis of cow, daand goat milk proteins, digested with the
same harmonized digestion model, was 12.2%, 20r&%28.4%, respectively (Rutella et al., 2016;

Tagliazucchi et al., 2016a).

3.2. Evolution of ACE-inhibitory activity during in vitro digestion and RP-HPLC fractionation of <
3 kDa fraction of digested goat milk

To evaluate the impact of the gastro-intestinalares on the generation of ACE-inhibitory
peptides, samples withdrawn during the gastricarntreatic phases of the digestion were
analysed for their ACE-inhibitory activity.

During the pepsin-catalysed part of the simulategslogical digestion, the Kgvalue for ACE-
inhibitory activity (defined as the peptide congatibn required to inhibit 50% of the ACE
activity) slightly but not significantly decreasddring the first 90 minutes of gastric digestion,
suggesting a modest increase in the ACE-inhibi&atyity of the hydrolysates=(gure 2). The
passage from gastric to pancreatic treatment isetethe 16 value significantly from 313.7 +
26.5 g of peptides mtat the end of the gastric digestion to 704.5 48y of peptides mik after
30 min of the pancreatic digestion (P < 0.0001elhe 1Go value sharply rose as the digestion

with pancreatic enzymes progressed reaching theekigalue of 1808.8 + 68.3 pg of peptides mL

12



255 latthe end of the digestioRigure 2). As a result, at the end of thevitro physiological digestion,
256 the ACE-inhibitory activity was lower than that @pged after peptic digestion. Results reported in
257  Figure 2 suggested that the ACE-inhibitory activity of goatk hydrolysates decreased as the
258  peptides length decreased. Peptic hydrolysis caargee ACE-inhibitory peptides whereas further
259  degradation of the peptides into much smaller fragg: by pancreatic proteases resulted in a

260 decrease in the ACE-inhibitory activity.

261 Because it has been suggested that small peptiel@saanly responsible for the ACE-inhibitory
262  activity of digested milk (Hernandez-Ledesma, Qsiirdmigo, & Recio, 2007; Tagliazucchi et al.,
263 2016a) and short peptide sequences are good ctaglidgplay a physiological antihypertensive
264  roleinvivo, ACE-inhibitory activity and the peptide conterifpermeate, obtained following

265 ultrafiltration of the post-pancreatic sample, wals assayed. The peptides in the post-pancreatic
266 digested sample were extracted by ultrafiltratiothva cut-off of 3 kDa. The < 3 kDa fraction of
267 the samples obtained at the end of the simulageston procedure contained 22.79 + 0.83 mg
268 mL™ of peptides and showed ast@alue towards ACE activity of 1156.3 + 10.5 pugeptides

269 mL* (Table 1andFigure 2). No activity was found in the > 3 kDa fractiontbe post-pancreatic
270  sample Figure 2) suggesting that low molecular weight peptidesenresponsible for the ACE-

271  inhibitory activity of the digested goat milk.

272 Espejo-Carpio et al., (2016) obtainedd@alues from 230 to 269 pg rlfor goat milk hydrolysed
273 with trypsin, subtilisin or a combination of thesezymes. In our experimentsstvalues observed
274  during goat milk digestion with pepsin (gastric p&pare similar to those reported by Espejo-

275 Carpio et al., (2016). As the digestion with paatieenzymes proceed, peptides are cut in ever-
276  smaller fragments and amino acids by pancreatiepses. As a result, ACE-inhibitory activity
277  declined due to the susceptibility of releasedipestduring the gastric digestion to pancreatic
278 enzymes resulting in a ¥gvalue 4 and 5 time higher than the value reparelde Espejo-Carpio

279  study at the end of the digestion. In accordinguodata, Tagliazucchi et al., (2016a) also

13
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found gastro-intestinal digestion strongly influeddhe ACE-inhibitory activity of camel milk with
ICso value of 1771.4 ug mtat the end of the digestion. On the other hamuitro digestion of
human and donkey milk in condition far from therhanized IVD system (Bidasolo, Ramos and
Gomez-Ruiz, 2012; Hernandez-Ledesma et al., 2@3L)ted in 1Go values 4-7 times lower than
that found after digestion of camel and goat milthwhe INFOGEST harmonizead vitro model
(Tagliazucchi et al., 2016a and this study) undarg the importance to use vitro models which
accurately reflects thia vivo physiological conditions.

With the aim of identifying putative active peptijehe < 3 kDa fraction of the samples obtained
during simulated digestion was loaded onto the HRU@ column and peptides were detected at
214 and 280 nm with a photodiode array detector.

The chromatogram presentedrigure 3 shows most peptides eluted in the first 60 minuiss
shown inFigure 3, nine fractions (F1-F9) were collected.

The peptide content of collected fractions rangecthf0.18 to 4.99 mg mt(Table 1). The yield of
the nine collected fractions was estimat€dlle 1). Fractions from F1, F2 and F5 showed the
highest yield ranging from 15.5 and 21.9%. The sdithe peptide concentration in the collected
fractions resulted in 19.68 mg mLgiving a total yield of 86.4%.

Most of the fractions exerted a weak or non-det#etACE-inhibitory activity Table 1). However,
three fractions (F2, F3 and F5) showed lowolalues, which means high ACE-inhibitory activity.
The lowest 1Go values of 14.1 + 0.8 and 17.9 + 0.8 pg peptidest mere found in fractions F5

and F3, respectively.

3.3. Identification of ACE-inhibitory and additional bioactive peptidesin HPLC fractions F2, F3

and F5

Based on ACE-inhibitory activities of the collectd®LC fractions, F2, F3 and F5 were selected
and analysed with nanoflow LC-ESI-QTOF MS to idBntine peptides present in these fractions.

Figure 4 shows the full MS spectra of the fractions F2aR8 F5. Each peak was selected for

14



306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

peptide identification by MS/MS ion scan usitgnovo sequencing software. Results from peptide
identification were subjected to a manual evalumtand the validated peptide sequences were
responsible for the majority of the most intensaksan the MS spectrd ébles 2-9.

Fraction F2 Table 2) contained 16 peptides, most of them being dipgeptiTwo peptides found in
fraction F2 showed very low Hgvalues against ACE. The dipeptide Al and the pifke IPP
demonstrated I values of 3.41 and @mol L, respectively (Nakahara et al., 2010; Nakamura,
Yamamoto, Sakai, & Takano, 1995). The dipeptidén@d been found to be released from pinto
bean and camel milk proteins submitted to the daanmonizedn vitro digestion model
(Tagliazucchi et al., 2015; Tagliazucchi et al.1@8) and, here, gave an intense signal in the mass
spectra suggesting its presence at high concearirdti addition, the dipeptide AY showed low
ICso value of 19umol L (Cheung, Wang, Ondetti, Sabo, & Cushman, 198neSmipeptides

found in F2 share the carboxy-terminal sequencle M@ E-inhibitory dipeptides, a structural
feature of paramount importance for the inhibitacyivity (Wu, Aluko, & Nakai, 2006). The
tripeptides AEK, GLN and ALN are precursors of (R€E-inhibitory dipeptides EK and LN,
previously isolated from cow’s milk hydrolysed witkctic acid bacteria (van Platerink, Janssen, &
Haverkamp, 2008).

In fraction F3 Table 3), 19 peptides, having 2—4 amino acid residuese wdamntified. The most
effective ACE-inhibitory peptide was GPV @& 4.7 umol L) followed by VY (1Gso= 7.1 umol

LY (Saito, Wanezaki, Kawato, & Imayasu, 1994; Walet2006). Four others peptides able to
inhibit ACE activity were detected in this fractiQiAE, IP, PL and AF) with 16 values ranging
between 35 and 330 pumotfor IAE and PL, respectively (Byun, & Kim, 2002; &ing et al.,

1980; Murray, & FitzGerald, 2007). The dipeptide Wés also effectiven vivo in mild

hypertensive subjects (Kawasaki et al., 2000) dutiteon, thep-casein derived tripeptide HLP and
the dipeptide VM are fragments of the ACE-inhibipaptides LHLP and TEQESGVPVM

(Kohmura et al., 1989; Tanzadehpanah et al., 2016).
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The range of peptide length in fraction Hable 4) was between 2 and 8 amino acid residues.
Fraction F5, which showed the lowestd®alue, contained the tripeptides VPP and LxVL & w
as the dipeptide LxY, which showedstalues between 2.1 and fifiol L™* (Nakamura et al.,
1995; Wu et al., 2006). Additional peptides witkvér ACE-inhibitory activity were found in this
fraction such as PLW (K= 36 pmol 1), DAYPSGAW (IGs¢=98 pmol 1) and VAV (IGso= 260
umol 1) (FitzGerald, & Meisel, 2000). The peptides LRE A\ are precursors of well-known
ACE-inhibitory peptides with whom they share theboxy-terminal sequence, which is the most
important for the inhibitory activity (Saito et a1.994).

In the fractions with the best inhibitory activiigwards ACE, several novel peptides were
identified which may be involved in the ACE-inhiiy activity of these fractions.

In a study on inhibition of ACE by glycyl dipeptisi@vith varying carboxy- or amino-terminal
residues (Cheung et al., 1980), it was found thekind of amino acid at the carboxy-terminal was
more important in determining the ACE-inhibitorytigity. The amino acids W, Y, P, F,  and L at
the carboxy-terminal were the most favourable rgessdor the ACE-inhibitory activity, whereas at
the amino-terminal, the amino acids V, | and R weemost effective for the inhibitory activity.
Based on this consideration, some dipeptides fautite three fractions (VV, SLx and NLx in F2;
VLx and TLx in F3; HV in F5) have the potentialitdhibit the ACE activity. Especially, the
dipeptide VLx found in F3 meet both the structusgjuirements for ACE-inhibition. This dipeptide
also corresponds to the C-terminal residues opttent ACE-inhibitory peptide LVL (I€5 value

of 12pumol LY, previously isolated from porcine plasma (Hazatsase, 1986). Other peptides
that may be susceptible of being considered as ikGiBitors were the sequences YTDAPSF
(fraction F5), APSF (fraction F2), LxSL (fractiod; YQEPVL (fraction F5) and ISLL (fraction
F5) since the presence of amino acids F or L irGHerminal position favours ACE-binding
(Cheung et al., 1980). Likewise, peptides termnwatn K, such as the peptide GVPK identified in
fraction 3, are reported as good candidates ta exabitory activity (Bidasolo et al., 2012). Some

peptides, which gave intense peaks in the MS spdtéid amino acid sequences that are not in
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accordance with the results of structure-activayrelation studies on ACE-inhibitory peptides.
Interestingly, these peptides share the —PQ doatahe carboxy-terminal such as FPQ (fraction
F5), AVPQ and NVPQ (fraction F3). The amino aci@iQhe carboxy-terminal is generally
considered negative for the ACE-inhibitory activitiypeptides. However, recently, some non-
competitive inhibitors of ACE showed a Q residueifogeneral an amide-containing amino acid)
at the carboxy-terminal (Ni, Li, Liu, & Hu, 2012ahzadehpanah, Asoodeh, Saberi, & Chamani,
2013). These peptides bind the N-domain of ACE cwiis different from the FAPGG binding site
(C-domain), affecting the conformation change @f alstive site and resulting in loss of activity
(Acharya et al., 2003). These —PQ containing peptahd an additional peptide found in fraction 3
(LVQ), which contained Q at the carboxy-terminagynbe involved in ACE-inhibition by a non-
competitive mechanism. To the best of our knowletlyese peptides have never been found in any
active hydrolysate and thus represent novel bieagteptides.

Some peptides with other biological activities haeen found in the three analysed fractions. Most
of the observed dipeptides (18 out of 20) had digglpeptidase IV (DPP-1V) inhibitory activity.
Only the dipeptides LxY and FT lack this activity.

Some other peptides and amino acids with previodeshgonstrated radical scavenging activity
were found in the three fractions. The amino acidodnd in fraction F2, exhibited high 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acidBT'S) and hydroxyl radical scavenging

activities (Tagliazucchi et al., 2016b). Three axitlant dipeptides, AY, VY and LxY (identified in
fractions F2, F3 and F5 respectively), containaimeno acid Y at the carboxy-terminal which is
responsible for their radical scavenging activiég€¢rmann, Euler, Herzberg, & Stahl, 2009; Cheng,
Chen, & Xiong, 2010; Yokomizo, Takenaka, & Takenak@02). The peptide VY seems to be
particularly interesting, behaving as a multifunotl bioactive peptide. Its release seems common
in milk from various species. It has been also idied afterin vitro gastro-intestinal digestion of
camel and goat milk (Tagliazucchi et al., 2016a tmslwork) and it has been also found in human

plasma after consumption of a milk beverage, irtdigathat this peptide is released also from
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cow’s milk caseins and is bioavailable in humardt@et al., 2007). Some other peptides are
fragments or precursors of known antioxidant peggtiduch as the peptides DAYPSGAW
(identified in F5) (De Gobba, Tompa, & Otte, 201MAKPV (identified in F2) (De Gobba,
Tompa, & Otte, 2014b), YQEPVLGP (identified in KSjlva, Pihlanto, & Malcata, 2006) and

PLW (identified in F5) (Liu et al., 2015).

3.4. Quantification of VPP and IPP

Among the milk-derived bioactive peptides, the dnypertensive lacto-tripeptides VPP and IPP
have attracted particular attention in the lastyédlongonierma, & FitzGerald, 2015) because of
the numerou vivo clinical trials showing the blood pressure-redgagffect of the two
lactotripeptides in pre-hypertensive and mildly éstpnsive patients (Fekete, Givens, & Lovegrove,
2015; Turpeinen, Jarvenpad, Kautiainen, Korpel&afaatalo, 2013). Lactotripeptides VPP and
IPP are easily released from cow caseins by statec acid bacteriurhactobacillus helveticus as
well as non-starter strains béctobacillus casei andLactobacillus rhamnosus (Nongonierma, &
FitzGerald, 2015; Solieri et al., 2015). Recenblyr research group demonstrated for the first time
that gastro-intestinal proteolytic enzymes are &blelease the antihypertensive tripeptides VPP
and IPP from cow milk caseins and IPP from camé paseins (Rutella et al., 2016; Tagliazucchi
et al., 2016a).

In goat milk, the lactotripeptides are preserfi-casein (VPP; fragment 84-86) akaasein (IPP;
fragment 108-110). Digestion with the harmonizedlglgesulted in the release of both tripeptides.
At the end of simulated digestion, IPP and VPP am®were 141.4 + 15.1 and 1829.8 + 21504

L of hydrolysates, respectively vitro digestion of goat milk demonstrated that VPP lisased
from milk caseins at higher amounts than IPP. Aigker release of VPP respect to IPP could be
due to a higher amount pfcasein in goat milk respect tecasein. According to previously
reported data, goat milk protein composition was/ %% ofp-casein and 15-20% &fcasein

(Ruprichové et al., 2015).
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Comparison with previously reported data pointetitbat the release of the lactrotripeptides during
the digestion depends on the concentration andtiligiéy of casein in milk as well as on their
presence in specific fragmentsfsfand/ork-casein. For example, because of the presencd’ahlP
both cow and camel milg- andk-casein, it is released in greater amount dumnggtro digestion

of these milk respects to goat milk (Rutella et 2016; Tagliazucchi et al., 2016a). Furthermore,
the higher release of VPP in goat milk respeciote’s milk may be related both to the highpst
casein concentration in goat milk and to the greditgestibility of goat milk caseins (Rutella et,al
2016). It is important to note that all the digess were carried out using the same harmonized
model, which means the same milk to digestive erzyratio. Considering the sum of VPP and
IPP released from milk of different species ateéhd of than vitro digestion, goat milk appeared to
be the best source of the anti-hypertensive lapggitides. It would be expected that consumption
of 200 mL of milk would result in a release of ab8lb, 2.4 and 0.5 mg of the lactotripeptides (sum
of VPP and IPP) from goat, cow and camel milk, eespely (Rutella et al., 2016; Tagliazucchi et
al., 2016a). Several clinical studies on hypertensubjects showed that the administration of daily
doses of VPP/IPP in the range of 2-10 mg were &stsocwith a decrease of the systolic (4.0

mmHg) and diastolic (1.9 mmHg) blood pressure ipdmensive patients (Turpeinen et al., 2013).

4. Conclusion

In vitro gastro-intestinal digestion of goat skimmed mékulted in the release of ACE-inhibitory
peptides. Additional identified short peptides hdeenonstrated DPP-IV inhibitory or antioxidant
activities. ACE-inhibitory activity was highesttite end of the peptic phase of the digestvbile
steadily declined during the pancreatic phasealilliration of the post-pancreatic digested sample
showed that the < 3 kDa fraction with small pepideas responsible for the ACE-inhibitory
activity of the digested milk. Fractionation of tke8 kDa fraction by HPLC resulted in 9 fractions,

of which three fractions (F2, F3 and F5) displatiezlhighest ACE-inhibitory activity.
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Peptide identification by LC-MS indicated that mokthe peptides in the three fractions were
identical to ACE-inhibitory peptides known from iijproteins. Several new peptides not
previously reported to occur in any milk proteirdhglysates were identified in these active
fractions having structural characteristic simitareported ACE-inhibitory peptides. Moreover,
three new identified peptides (FPQ, AVPQ and NVEQ)Id act as non-competitive inhibitor of
ACE and are also expected to contribute to the A@lbitory activity of these fractions. This

work also provides evidence, for the first timetlod fact that VPP and IPP may be released during
the gastrointestinal digestion of goat nfikkandk-casein. The amount of VPP and IPP released
from goat milk was higher than that previously fdwaiterin vitro digestion of cowand camel milk.
This study firstly demonstrated that peptides witbential bioactive effects included the

lactrotripeptides VPP and IPP are generatethlvitro gastro-intestinal digestion of goat milk.
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Figure captions

Figure 1. Changes in hydrolysis degree (DH) of goat milktgirts duringn vitro gastro-intestinal
digestion. SO and S5 mean time zero and 5 minlnasg digestion, respectively. G30, G60, G90
and G120 mean time 30, 60, 90 and 120 min of gadigestion, respectively. P30, P60, P90 and
P120 mean time 30, 60, 90 and 120 min of intestihgéstion, respectively. Values represent
means = SD of triplicate digestionBifferent letters indicate that the values are iigantly
different P < 0.05).

Figure 2. Evolution of the angiotensin-I converting enzyfA€E)-inhibitory activity (IGo values)
during simulated gastrointestinal digestion of godk. Each column corresponds to an aliquot
withdrawn during hydrolysis as describedrigure 1.1Cso is defined as the concentration of
peptides required to inhibit 50% of the ACE actviDifferent letters within the same column
indicate that the values are significantly diffeér@h< 0.05).

Figure 3. UV-chromatogram of the low molecular weight pdjatifraction (<3 kDa) obtained from
goat milk subjected to consecutive gastro-intestilgestion. F1-F9 represent the collected
fractions used for the analysis of the angiotermsinverting enzyme inhibitory activity. The black
line represents the trace at 214 nm whereas thydigeerepresents the trace at 280 nm. The
chromatogram shown is representative of three iewlégnt experiments.

Figure 4. Mass spectrum of peptide fractions P3,(F3 B) and F5 C) from nanoflow LC-ESI-
QTOF MS/MS analysis. Identified peptides are regubrh tables 2, 3 and 4. Asterisk indicate non-

identified peaks. The mass spectra shown are r@puias/e of three independent experiments.
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