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A B S T R A C T

The antimicrobial potential of whey protein isolat e hydroly zed by gastrointestinal enzymes 

was deter mined by attempting to identify and char acterize the antimic robial peptides 

responsible . While tryptic and ch ymotryptic hydrol ysates did not sho w antibacterial activity ,

whey proteins hydrol yzed for 45–90 min by pepsin exhibited significant activity . Fr action- 

ation of 60-m in hydroly sate by re versed-phase hig h performance liquid chr omatograph y

yielded 5 fractions that wer e antibacterial, with minimum inhibitory concent rations com- 

prised between 20 and 35 lg/mL. These fractions contained short peptides not pre viously 

identified as antimic robial. Fr agment 14–18 (KVAGT) of b-lactoglobuli n is ver y close to a

sequence pre vious ly ident ified as antibac terial and is found in antimic robial sequences of 

div erse orig in. Fi ve other peptides deriv ed from b-lactoglobuli n, and one fra gment from a-

lactalbum in (f117–121, KV GIN ), we re also identified as antibacterial. The ident ified peptides 

do not match pepsin action exactly , indicating modified proteoly sis of unkno wn orig in. Pro -

tein by-products of the dairy industry offer potential for lar ge-scale production of antimicro- 

bial peptides.

� 2013 Else vier Ltd. All right s reserve d.

1. Intro duction 

Milk prote ins are the principal sour ce of bioacti ve pep tides 

encr ypted within primar y amino acid sequenc es and released 

upon enzymatic hydr olys is during gastro intestina l tr ansit or 

food pro cessing (Gobbetti, Ste paniak, De Angelis, Corsetti, &

Di Ca gno , 2002; Meisel & Bock elmann, 1999 ). A gro wing nu m- 

ber of suc h pe ptides are being identified in dairy pro tein 

hydrol ysates and fermented dair y prod ucts. Some of these 

pe ptides ha ve been sho wn to possess opioid, imm unomodu- 

lator y, antimicr obial, antithr ombotic, gro wth-stim ulating or 

antih ypertensi ve pro perties, as pre viousl y re vie wed (Choi,

Sa bikhi, Hassan, & Anand, 2012; Korhonen, 2009; Park,

2009). Despite the nota ble successes of lactoferricin (LFcin)

and kappacin, fe w studies ha ve addr essed the antimic robia l

pro perties of pe ptides released from dair y prote ins by

enzymatic hydr olys is. In response to evo lving consumer va l- 

ues, the food industr y is no w sho wing an incr easing inter est 

in milk-deri ve d pe ptides as alternati ve s to con ve ntional anti- 

micro bial pre serv ativ es. The possibility of adding them to 

foods as bioacti ve supplemen ts is also under in vestigation.

While nati ve pro teins such as casein, b-lactoglobulin (b-lg),

a-lactalbum in (a-la) and serum albumin (SA) are appar entl y

inacti ve (Clar e & Sw aisgood, 2000 ), a fe w milk pro teins, pri- 

maril y lactoferrin (LF) and lyso zyme, appear to ha ve antimi- 

crob ial pro perties. Meanw hile , nu mer ous report s ha ve

confirmed the release of antimicr obial pe ptides by hydr olys is 

of the caseins of se veral animal species (Bar an yi, Thomas, &

Pelle grini, 2003; Lo ´pez-Expo ´sito , Minervini, Amigo , & Recio ,

2006; Zuc ht, Raida, Adermann , Ma gert, & Forssmann, 1995 ).

Beside caseins, fe w works demon stra ted the pre sence of anti- 

micro bial pep tides within sequenc es of whe y pro teins with 
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the excep tion of LF . Bellam y et al. wer e the first to describe the 

antimicr obial pep tide LFcin, rele ased fro m the N-termina l

domain of bo vine LF hydr olyz ed by pe psin in vitr o (Bellam y,

Yamauc hi, Wakab aya shi, Ka wase , & Tomita, 1992) and found 

later in vivo (Kuw ata, Yip , Tomita, & Hutc hens, 1998 ). LFcin 

displa ys a broa d spectrum of activ ity ag ainst bacteria, fungi,

viruses and paras ites (Bellam y, Takase , Waka ba ya shi, Ka w- 

ase , & Tomita, 1992; Jen ssen, 2005; Tanaka et al., 1995; Waka- 

ba yashi, Hir atani, Uc hida, & Yama guch i, 1996) and is no w

being used in the food pro cessing industr y and cosme tics 

(Tomita, Wakab ayash i, Yamauc hi, Tera guc hi, & Ha ya sa wa,

2002). The antimicr obial acti vity of another domain of LF ,

named lactoferr ampin (LFampin), has also been describe d,

but its spectrum differs little fro m that of LFcin (va n der Kr aan 

et al., 2004) and the list of LF-deri ve d antimicr obial pep tides is 

gro wing and is expected to contin ue to do so (Elbarbary et al.,

2010). In comparison , other whe y prote ins ha ve so far pro -

vided relati ve ly fe w antimicr obial pep tides. Nota bl e works 

performed by Pelle grini, Thomas, Bra maz, Hunziker , and 

vo n Fellenber g (1999), Pelle grini, Dettling , Thoma s, and Hunz- 

iker (2001) describe d ne gati ve ly char ged domain s isolated 

fro m a-la and b-lg using trypsin and/or ch ymotr ypsin and ac- 

ti ve against Gr am-positi ve bacteria. Fin ally , some whe y-de- 

riv ed pe ptides that ha ve no demonstr able antimicr obial 

activ ity in vitr o stimu late certain imm une system functions 

in vivo and appear thus to incre ase resis tance to gastr ointes- 

tinal pathogens (Gauthier , Pouliot, &Saint-Sauv eur , 2006; Mer -

cier , Gauthier , & Fliss, 2004 ).

The potent ial of bo vine b-lg and a-la to yield antimicr obial 

pep tides appears under -exploite d. Whe y pro tein isolates 

(WPI) ar e widel y used as dietar y supplemen ts and functional 

ingr edients in food pro ducts and are composed mainl y of 

these tw o pro teins. The y are inexpens iv e and thus appear 

suita ble as starting material for the pro duction of natur al bio- 

activ e agents. The objecti ve of the pre sent stud y was to iden- 

tify and cha racter ize potential ly antimicr obial pepti des 

deri ve d fro m whe y prote ins by hydr olys is using dig esti ve en- 

zymes and to describe the kinetics of their release .

2. Ma ter ials and methods 

2.1. Ma terials and micr oor ganisms 

A commer cial WPI fro m dair y co ws (Bipro) was obtained 

fro m Da visco Foods Internation al (Le Sueur , MN , USA). Its 

pro tein portion consist ed primar ily of b-lg (74.0%, w/w), a-

la (12.5%, w/w), bo vine SA (5.5%, w/w) and imm unoglobu lin 

(5.5%, w/w). The po wder contained 93.4% (w/w) prote in and 

0.12% (w/w) calcium . HPLC-gr ade acetonitrile , anal ytical 

gra de trifluoroacetic acid (TFA), porci ne pep sin A

(570 units/mg), tr ypsin (16700 units/mg) and chymotr ypsin 

(P40 units/mg) were all purc hased fro m Sigma (St. Louis,

MO , USA). Micro bial gro wth inhibitio n assa ys were per -

formed using one Gr am-positi ve (Listeria iv anovii HPB28),

and one Gram -ne gati ve (Esc heric hia coli MC4100). Both bacte- 

ria stra ins wer e gro wn aer obicall y in Tryptic So y Bro th with 

0.6% ye ast extrac t (w/v) (TSB; Difco Labo ratories, Sparks,

MD , USA). L. iv anovii was incubated at 30 �C and E. coli 

was incubated at 37 �C.

2.2. Hydr olysis of whey pr oteins 

The method describe d in a pre vious paper was used (Verme- 

irssen, va n der Bent, Van Camp , van Amer ongen, and Verstr a- 

ete , 2004 ). A 4% (w/v) solutio n of WPI was pre par ed and held 

at 37 �C for 15 min befor e use . The pH was then adjusted to 2.0 

prior to adding pep sin or to 6.5 for trypsin and ch ymotry psin.

Enzyme s were added at a final enzyme/s ubstra te ratio of 

1:250 (w/w) and hydr olys is was conducte d at 37 �C with stir -

ring. Samples were taken at the start and then eve ry 15 min 

for a total of 2.5 h. Hydr olys is was stopped by heating at 

85 �C for 10 min. The samples were then filtered on Whatman 

No . 41 paper (Whatman Internatio nal, Ltd., Maidston e, UK)

using a Buchn er funnel. Sample s were then store d at �20 �C
for subsequen t analy sis. For eac h sample , deg ree of hydr oly- 

sis (DH) was determine d using the o-phthaldial deh yde meth- 

od described pre viously (Chur ch, Swa isgood, Porter , &

Catignani, 1983 ).

2.3. Purification of peptides 

The samples of hydr olyz ed WPI were filtered on Centricon 

membr ane (10 kDa molecula r mass cut-off; Millipor e, Bille- 

rica, MA, USA), follo wed by adjustm ent to pH 7.0 using 

0.5 M NaOH. Pro tein concent ratio ns were determin ed in trip- 

licate using the Dumas method using a Leco FP-528 de vice 

(Leco Corp ., St. Jo seph , MI, USA). All samples were store d at 

�20 �C until testing. Peptid es were sepa rated using a Gold 

HPLC system (Beckman-Coulte r, Bre a, CA, USA) with an ana- 

ly tical re ve rsed-phase C18 column (150 · 4.6 mm; Phenome -

nex, Torra nce , CA, USA). Linear gr adients were conducted 

fro m 2% to 60% solv ent B (0.1% TF A in acetonitrile) over sol- 

ve nt A (0.1% TF A in wate r) in 60 min with a flow rate of 

1 mL/min. Elution was monitor ed by UV ab sorbance at 

214 nm. Concentr ations of prote in in the fra ctions were esti- 

mated by the bicinc honinic acid (lBC A) method (BCA, Pier ce 

Biotec hnology , Roc kfor d, IL, USA).

2.4. Identification of peptides by ESI mass spectr ometry 

The mass spectr a of the compound s were recor ded with an 

electr ospr ay ionization mass spectr ometer (Agilent series 

1100, Ag ilent Techn ologies, Inc., Lo vel and, CO , USA) con- 

nected to the reversed-phase chro matogr aph y unit. The ESI 

spectr ometer was opera ted in positi ve ion mode . Conditions 

were spra y vo ltage of 4.5 kV ; sheath gas (nitrogen) flow rate 

of 1.05 L/min; capillar y vo ltage of 14.0 V; heated capillar y tem- 

per ature of 190 �C; tube lens offset vo ltage of 35.0 V; octapole 1

offset of �3.0 V; octapole 2 offset of �5.0 V; lens vo ltage of 

�16.0 V; octapole RF amplitude of 400.0 V; trap DC offset of 

�10.0 V. The fra ctions were dissolv ed in a 4:2 (v/v) ble nd of 

acetonitrile and 50% formic acid and wer e injected into the 

electr ospr ay source using a syringe pump at a flow rate of 

5 lL/min. Within the ion trap , dry nitr oge n was used as the 

nebulizin g gas at 12 psi, 4 L/min and 325 �C.

Eac h fra ction was anal yzed in MS/MS full scan acquisitio n

mode to determin e major pepti des with m/z rang e scanne d

fro m 150 to 3000. Since man y sequences corre sponded to a

specific m/z ratio , a second run discrimin ated eac h ratio of 
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