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The aim of this paper was to eva luate the effect of the intake of goat milk cheese manufac- 

tured with Lactobacillus ferment um CRL1446 on intestinal ferulo yl esterase (FE) activity and 

oxidativ e status in Swiss albino mice. This strain was used as single-st rain culture (CRL

chee se) and in combination with starter culture (Mix cheese). In both cheeses, L. ferment um 

reached 8–9 log cfu/g and FE activity increased during ripeni ng. Highest activity le vel was 

observed in Mix cheese . In vivo studies sho we d that total intestinal FE activity in mice 

fed with CRL and Mix cheeses increased 1.5 and 2-fold compared to non -treated mice,

respe ctiv ely . Admi nistration of Mix cheese produced a 2-fo ld increase in FE act ivity in small 

and large intestine mucosa. Mice recei ving this cheese also sho wed an approx. 2-fold 

decr ease in plas matic thiobarbitur ic acid-reacti ve subst ances (TBARS) lev els and an 

approx. 3-fold increase in glutathione reductase (GR) activity .

Goat milk cheese elabor ated with FE-producing strain L. ferment um CRL1446 could re present 

a no vel funct ional food with FE act ivity , re sponsible for increasing intestina l FE activity and 

consequently the bioa vailab ility of antiox idant feruli c acid in the gut, thus enhancing the 

oxidativ e status and pro viding protection against oxidativ e stress-r elated disord ers.

� 2013 Else vier Ltd. All rights reserv ed.
1. Intro duction 

Goat milk and its pro ducts suc h as yo ghurt and che ese are 

highl y appr eciated for their high nutriti onal va lue (Haenlein,

2004). Goat milk has been describe d as ha ving a higher digest- 

ibility and lo wer aller genic pro perties than co w milk. In addi- 

tion, goat milk has been attributed with certain thera peutic 

va lues in human nutri tion (Alfer ez et al., 2001; Barrion ue vo ,

Alfer ez, Lopez-Alia ga, Sanz-Sa mpela yo , & Campos, 2002;
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Dı́az-Castro et al., 2012). The possibi lity to impr ove the nutri -

tional benefits of these dair y pro ducts by enric hing them with 

pro biotic stra ins is of gr eat inter est for human health.

Functiona l dair y foods ar e curr entl y restricted to be vera ges 

suc h as fermen ted milk and yo ghurt, whic h ha ve limited shelf 

life , in contr ast to chee ses that ha ve a higher tempor ary stor -

age capacity (Stanton et al., 1998 ). Cheese is the most suita ble 

dair y pro duct for carry ing pro biotic stra ins, due to its higher 

pH va lue, high content of fat, and solid matrix, that pro tect 
.
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bacter ia mor e efficiently than fermented milk during intesti- 

nal tr ansit (da Cruz, Buriti, de Souza, Fonseca, & Saad, 2009;

Ranadh eera, Baines, & Adams, 2010; Vinder ola, Mocc hiutti,

& Reinheime r, 2002). Ther e ar e nu mer ous studies on pro biotic 

cheeses, suc h as Cheddar (Phillips, Kailasapath y, & Tran,

2006), Gouda (Gomes , Malcata, Kla ver , & Gr ande , 1995 ), Cot- 

tage (Ar au ´ jo , de Carv alho , Leandr o, Furtado , & de Mora es,

2010; Blanc hette , Ro y, Belanger , & Gauthier , 1996), Turkish 

Be ya z chee se (Bas�yig ˘ it, Kuleas �an, Era lp , & Kar ahan, 2009 ),

Ar gentinean cheese (Ber gamini, Hynes, Quiber oni, Sua ´ rez, &

Zalazar , 2005) and ‘‘Pikantne’’ goat cheeses (Songise pp et al.,

2004).

Most pro biotic cheeses carr y bifidobacteria and non-starter 

lactic acid bacteria (NSLAB) suc h as Lactoba cillus par acasei , Lac-

tobacillus casei , Lactobacillus acidophil us , Lactobacillus rhamno sus 

(Ong, Henrikss on, & Shah, 2006 ) as pro biotic stra ins. Up to 

date , ther e are fe w studies on probio tic cheese manu factur ed 

with Lactobacillu s fermentum (Songise pp et al., 2004 ). Recentl y,

Settanni and Mosc hetti (2010) discussed the health benefits

attribu tab le to NSLAB species in volv ed in che ese pro duction.

Cheeses carry ing NSLAB pro ducers of bioacti ve substance s

suc h as pe ptides with ang iotensi n-con verting-enzy me 

inhibito r acti vity (Pripp , Sore nsen, Ste panek, & Sorhaug,

2006), conjuga ted linoleic acid with antioxidan t pro perties 

(Van Nieuw enho ve , Gauffin Cano , Pérez-Chaia, & Gonza ´ lez,

2011), and NSLAB with antigenotoxic pro perties (Corsetti

et al., 2008) ha ve been report ed in the liter atur e. In this paper 

we pro posed that goat milk chee se could also be used to carry 

bacter ia with enzymatic activ ities that pla y an import ant role 

in human health, suc h as ferulo yl estera ses.

Ferulo yl ester ases (FE) are carboxyl ester hydrola ses that 

de gra de esters of ferulic acid (FA). The y belong to the gr oup 

of enzymes kno wn as cinnamo yl estera ses (CE), that hydr o- 

ly ze hydrox ycinnamat e esters , which are commonl y found 

in cer eals, fruits and ve geta ble s, releasing hydr oxycinnam ic 

acids (HA) suc h as ferulic, sinapic, caffeic and p-coumaric

acids (Fazar y & Ju, 2007 ). These phenolic compoun ds are part 

of human and animal diets and ma y contribut e to the benefi-

cial effects deri ved from the consumpt ion of cere al br an, due 

to their chem opr otecti ve and antioxidan t pro perties (Fazar y &

Ju, 2007; Vitag lione , Napoli tano , & Fogliano , 2008). Ferulic acid 

(FA) induces intrinsic antioxidant mec hanisms suc h as super -

oxide dism utase , catalase and glutathio ne reductase (GR)

acti vities. Re gular ingestion of this acid ma y pro vide substan- 

tial prote ction against oxidati ve str ess-r elated ailments like 

cancer , dia betes, car dio vascu lar and neur ode genera tiv e dis- 

eases, and in ageing (Srini va san, Sudheer , & Menon, 2007 ).

Andr easen, Kro on, Williams on, and Garcı́a-Conesa (2001)

report ed the rele ase of sinapic and p-coumaric acids fro m

rye and wheat bra ns by human colonic estera se(s). These 

authors demonstr ated that intestina l CE activ ity ma y ha ve 

an epith elial and a micro bial origi n.

CE acti vity is common ly found in differe nt bacterial genera 

pre sent in the human gut (Couteau , McCartne y, Gibson,

Williamson, & Faulds, 2001; Lai, Lor ca, & Gonza ´ lez, 2009). CE 

acti vity has been demonstr ated in the lar ge intestine micr obi- 

ota of rats and humans (Buch anan, Wallace , & Fr y, 1996;

Kr oon, Faulds, Ryden, Robertso n, & Williams on, 1997), and 

le ve ls and specificity of these enzymes ar e critical factors 

influencing the bioa va ila bility of HA (Buch anan et al., 1996 ).
Abeijo ´n Mukdsi, Gauffin Cano , Gonza ´ lez, and Medina (2012)

eva luated the effect of ora l administ ratio n of L. fermentum 

CRL1446, str ain with FE activ ity , in Swiss albino mice fed a

con ve ntional balance d diet containin g hydrox ycinnamat e es- 

ters. These authors observ ed incre ases in total intestinal FE 

activ ity , decr eases in plasmatic TB ARS le ve ls and incre ases 

in GR activ ity , compar ed to non-tr eated mice . Ther efor e,

L. fermentum CRL1446 wou ld enhance the bioa va ilabil ity of 

FA, thus impr oving oxidati ve status of mice (Abeijo ´n Mukdsi 

et al., 2012). Beneficial effects of lactic acid bacteria (LAB) with 

FE activ ity ha ve also been report ed by Bhath ena et al. (2009).

These authors found that the administr ation of encapsulate d

cells of L. fermentum ATCC11976 with FE activ ity to diet- 

induced hyper chol estero lemic hamsters prod uced significant 

redu ctions in serum total cho lester ol, LDL cholester ol and 

trigly ceride le ve ls.

At pre sent, ther e is little informa tion ab out functio nal 

foods carry ing LAB with CE or FE activ ity . Mor eo ve r, the effect 

of the consumpti on of these pro ducts on intestina l ester ase 

activ ity has ne ver been studied. Guglielme tti et al. (2008)

de veloped a fermen ted food with high total antioxid ant and 

potential probio tic pro perties, manu factur ed with Lactobac il- 

lus helveticus MIMLh5 with strong CE activ ity , but these 

authors did not perform in vivo studies.

The aim of this paper was to eva luate the effect of the in- 

take of goat cheeses manu factur ed with L. fermentum CRL1446

on intestina l FE activ ity and oxidati ve status in Swiss albino 

mice .
2. Materials and methods 

2.1. Bacterial str ain and gr owth conditions 

L. fermentum CRL1446, str ain isolated from Ar gentinean goat 

chee se (Olisze wski, Medina , Gonza ´ lez, & Pérez Chaia, 2007 ),

was obtained fro m the Cultur e Collection of the Centr o de 

Refere ncia par a Lactoba cilos (CERELA, Tucuma ´n, Ar gentina).

This stra in pre sented in vitr o FE activ ity and resistance 

to simul ated gastro intestina l tr act conditions (Abeijo ´n

Mukdsi, 2009). L. fermentum CRL1446 was maintained in 

Man–Rogosa–Sharpe brot h (MRS; Britania, Buenos Aire s,

Ar gentina) containin g 20% (v/v) gl ycerol at �70 �C, and pro pa- 

gated thre e times in MRS br oth befor e eac h experim ental use.
2.2. Goat milk che ese manufactur e

Cheeses were man ufactur ed accor ding to the pro tocol of 

Abeijo ´n Mukdsi et al. (2009). The proce ss was carried out 

asep tically in a laminar air -flow unit (Cleanroom Pro ducts,

Inc., Ne w York, NY , USA). Sterile flasks were filled with 

400 ml of raw goat milk, and it was then pasteuri zed in ther -

mostatic bath at 65 �C for 30 min. After cooling to 38 �C, each 

batch was inoculated with 1% (v/v) (�108 cfu/ml) cultur e of 

the corre sponding str ains in steriliz ed reco nstituted (10%,

w/v) skim milk. Four cheeses were manu factur ed:

(i) Starter chee se, ela bora ted with a starter cultur e consti- 

tuted by Lactobacil lus delbrue ckii subsp . bulgaric us 

CRL1447 and Strept ococcus thermoph ilus CRL739 (1%, v/v)
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(ii) CRL che ese, ela borate d with L. fermentum CRL1446 (1%,

v/v)

(iii) Mix chee se, ela bora ted with starter cultur e and 

L. fermentum CRL1446 (1%, v/v , each )

(iv) Cur d, ela bora ted without cultur e addition and pH- 

adjusted to 5.2 with lactic acid.

Inoculated milk was then incubated at 37 �C until the pH

dropped to 6.4. After 30 min, sterile calcium chloride (0.1 g/l of

milk) and microfiltered (0.22 lm, white GSWP, 25 mm, Millipore

Corp., Bedford, MA, USA) rennet solution from Kluyveromyces

lactis (MAXIREN 150. 9000 mg/l, Gist-brocades, Delft, The

Netherlands) were added. Coagulation time was controlled by

rocking and turning the bottles ge ntly to test casein adhesion to

their sides. Clotting took place in 25 min, after which the curd

was cut in nut size cubes with a sterile knife and eac h flask

was upturne d 10 times. The mass was cooked for 5 min at 

45 �C, and it was placed in sterile flasks using sterile 

tab lespoon s.

The cur d was first centrifuged at 1700 g (Damon/IEC Divi -

sion IEC B-20A, Internatio nal Equipment Compan y, Needham 

Heights, MA, USA) for 10 min, and then at 5000 g for 20 min.

Whe y was discar ded in both cases. The cur d was laid in 

100 ml sterile glass flasks and allo wed to rest until reac hing 

pH 5.2 at 25 �C. Sterile brine was added to eac h flask (330 g/l 

NaCl, pH-adjuste d to 5.2 with lactic acid) and discar ded after 

5 min. Cheeses wer e ripened inside the flasks for 60 da ys 

(12 �C and 80% rela tiv e humidit y). Four che eses of appr ox.

100 g wer e manu factur ed fro m the same batc h of milk.

Cheese man ufactur e was perform ed in triplicate .

Thr ee samples (a che ese fro m each batc h) were taken at 1,

30 and 60 da ys of ripening for FE activ ity determina tion and 

micr obiological anal yses.

2.3. Deter mination of fer ulo yl ester ase activity in che ese 

Cheese samples (10 g) were dispersed in 90 ml of PBS pH 7.0 

and homogenized for 2 min in a Stomac her (Laborato ry Blen- 

der 400, Se war d Medical, London, UK). Two hundr ed micr oli- 

tr es of homogenate were incubated in the pre sence of 1 mM 

meth yl ferulate (MtF) as substr ate at 37 �C for 18 h. Reaction s

were stopped by the addition of glacial acetic acid. Contr ols 

containing the reacti on mixtur e plus glacial acetic acid were 

also incubated to test for the pre sence of bac kgr ound peaks.

Samples and contr ols were centrifuged (13,000g, 10 min,

4 �C) and filtered (0.22 lm) prior to HPLC anal ysis of rele ased 

FA. Results were expre ssed as units (U) of FE activ ity per gra m

of chee se. One unit was defined as the amoun t of enzyme 

releasing 1 mmol of FA per hour .

2.4. Deter mination of hydr oxycinnamic acids by HPLC 

Se par ations wer e performed on a Knauer system (Berlin, Ger -

man y) equipped with an UV detector , using a reve rse-phase 

C-18 column (Repro Sil-Pur ODS , 3.5 lm, 250 · 4.6 mm, Dr .

Maisc h GmbH, Ammerbu ch, German y). Twen ty micro litr es 

of sample were injected and eluted isocra ticall y with a mix- 

tur e of water/aceto nitrile/ace tic acid (69:30:1, v/v/v) at a flow

rate of 1 ml/min. Compounds wer e monitor ed by ab sorbance 
at 320 nm. Released HA were quantified fro m the regr ession 

curv e (R2 > 98%) of the corre sponding standar d (Apin Chemi- 

cals, Abingdon, OX, UK), using external standa rd calibr ation.

2.5. Cheese chemical composition 

Total solids, fat and total nitro gen contents were anal yzed 

accor ding to the FIL-IDF standar ds 4A (1982); 5B (1986) and 

20B (1993), respecti ve ly . Cheese pH was determined with 

pH-me ter Metr ohm 962 (Metrohm AG, Herisau , Switzerl and).

2.6. Cheese micr obiota counts 

Cheese samples (10 g) were homogenized in 90 ml of peptone

water (0.1%,w/v),andserialdilutionswereplatedinagarizedmed-

ia. MRS medium was used for starter culture counts and MRS-EtF

[MRS without glucose, supplemented with 1 g/l ethyl ferulate

(Sigma, St. Louis, MO, USA)] was used for L. fermentum CRL1446

counts, whose colonies were characteristically surrounded by a

clear zone due to the hydrolysis of EtF. Plates were incubated for

48 h at 42 �C for starter culture, and at 37 �C for L. fermentum .

2.7. Animals and diet 

Six-w eek-old male Swiss albino mice (n = 60) were obtained 

fro m the closed random-br ed colon y maintain ed at CERELA.

The y were housed in individ ual cages and acclimat ed to 

22 ± 2 �C with a 12 h light/dark cycle . All mice recei ve d dail y

con ventional balanced diet (CBD) and drinking water ad libi- 

tum. Compo sition of CBD was: 60.8% carboh ydr ates, 25.5%

pro teins, 3.8% fats, 3.4% raw fibre (from maize), 6.5% total 

miner als (Asociación de Cooper ativ as Ar gentinas, Buenos 

Aire s, Ar gentina). This diet supplied �0.60 mg of hydr oxycin- 

namates per da y per mouse .

All animal pro tocols were appr ove d by the Animal Pro tec- 

tion Commi ttee of CERELA, and complied with curr ent Ar gen- 

tinean la ws.

2.8. Feeding pr ocedur es 

Mice from each tr eated group were dail y fed a mixtur e of CBD 

and 60-da y-ripened che ese, adjusting the dose of L. ferment um 

CRL1446 to 10 7 cfu/g of cheese. This food was pre pare d esti- 

mating that each mouse consum es appr ox. 5 g of food per da y.

All che eses had similar chem ical composit ion (12–13% to- 

tal nitro gen, 47–50% fat and 42–44% total solids).

The experim ental pro tocol comprise d four trea ted gro ups 

(n = 12 eac h) and a non-tr eated gro up (n = 12):

(i) Cur d gro up , recei ving CBD and cur d

(ii) Starte r gro up , recei ving CBD and Starter cheese 

(iii) CRL gro up , rece ivin g CBD and CRL chee se 

(iv) Mix gro up , receivin g CBD and Mix cheese 

(v) Non-tr eated gro up (NTG), recei ving CBD 

Animals were dail y fed during 7 da ys and had access to 

water ad libitum . The y were fasted for 16 h befor e sacrifice,

and sacrificed by cervical dislocation at da y 7. Twelv e animals 

fro m eac h five gro ups were sacrificed to eva luate intestina l FE 
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acti vity (n = 6), micr obiota (n = 6), TB ARS le vels (n = 12) and GR 

acti vity in plasma (n = 12). The Cur d gr oup was incorpor ated 

to eva luate whether the cur d itself ma y ha ve an effect on 

the eva luated par ameters.

2.9. Pr epar ati on of intestinal extr acts 

Small and lar ge intestines wer e asep tically rem ove d and dif- 

fer ent intestinal sections (SIM, small intestine mu cosa; LIM,

lar ge intestine mucosa; SIC, small intestine content ; LIC, lar ge

intestine content) were obtained accor ding to Abeijo ´n Mukdsi 

et al. (2012). Sample s were ke pt on ice prior to FE activ ity 

determin ation.

2.10. Determina tion of intestinal fer ulo yl ester ase activity 

Intestina l FE activ ity was determine d in intestinal mu cosa 

and content by incubatio n in PBS pH 7.0 containing 1 mM 

meth yl ferulate as subst rate at 37 �C for 18 h. Reactions were 

stopped by the addition of glacial acetic acid. Contr ols con- 

taining the rea ction mixtur e plus glacial acetic acid were also 

incubate d to test for the prese nce of bac kgr ound peaks. Sam- 

ples and contr ols were centrifu ged (13,000g, 10 min, 4 �C) and 

filtered (0.22 lm) prior to HPLC analy sis of released FA. Results 

were expre ssed as units (U) of FE activ ity per gra m of intesti- 

nal extr act.

2.11. Intestinal micr obiota counts 

Lar ge intestine s were ase pticall y remo ve d, weighted and 

homogenized in 5 ml of pep tone water (0.1%, w/v). Serial dilu- 

tions of the homogenized samples were plated in ag arized 

media (Britania, Buenos Air es, Ar gentina): Reinfor ced Clos- 

tridial (RCA) for total anaer obic bacteria; RC A containin g

0.2% (w/v) LiCl, 4 mg/l colistin, 1% (w/v) aniline blue and ad- 

justed to pH 5.0 with acetic acid after sterilizatio n (RCA pH 

5) for bifidobacteria; MRS for total lactobacilli; Brucella con- 

taining 20 ml/l bloo d and 7.5 lg/ml va ncom ycin for Bacter oi- 

des, and Mac Conke y for Enter obacteria ceae . Plates were 

anaer obicall y incubated at 37 �C for 48–96 h. At the end of 

the incubatio n period, colonies were counted and results 

were expre ssed as logarithm 10 of colon y-formin g units (cfu)

per gram of intestine .

2.12. Pr epar ati on of plasma 

Blood was collecte d by car diac punctur e and tran sferre d into 

tubes containing anticoa gulant EDT A (Wiener Lab , Rosario ,

Ar gentina). Plasma was obtained by centrifu gation (5000g,

5 min), and used for the TB ARS assa y and determina tion of 

GR acti vity .

2.13. Thiobarbituric acid-r eactive substances assa y

Lipid perox idation was estimated spectr ophotome tricall y by

measurin g thiobarbitur ic acid-r eacti ve substance s (TBARS)

concent ratio ns accor ding to Oka wa, Ohsihi, and Yagi (1979).

Results wer e expre ssed as nmol of TB ARS per mg of 

pro tein.
2.14. Determina tion of glutathione reductase activity 

Glutathione redu ctase (GR) acti vity was determine d accor ding 

to Esterbauer and Grill (1978), by follo wing the rate of NAD PH 

oxidation at 340 nm. Results were expr essed as units (U) of GR 

activ ity per mg of prote in. One unit was defined as the 

amount of enzyme pro ducing 1 nmol of oxidized NAD P per 

min ute.

2.15. Pr otein deter mination 

Pro tein concent ratio ns were determine d accor ding to the 

method of Bra dfor d (1976), using a commer cial kit (Bio-Rad,

Hercu les, CA, USA) and bo vine serum albumin (Sigma, St.

Louis, MO , USA) as standar d.

2.16. Statistical analysi s

Results ar e means of thr ee inde pendent experim ents ± stan- 

dar d de viation (SD). After the analy sis of var iance (ANOVA),

Tuke y’s test was used to identify statisticall y significant dif- 

ference s (p < 0.05). These analy ses were performed with the 

softwa re pack age Minita b14 (Minitab Inc., State College , PA,

USA).

3. Results 

3.1. Fer ulo yl ester ase activity , micr obiota counts and end 
pH of goat cheeses 

FE acti vity was determine d in chee ses manu factur ed with 

starter cultur e (Starter che ese), L. fermentum CRL1446 (CRL

chee se), starter culture plus L. fermentum CRL1446 (Mix

chee se) and cheese ela bora ted without addition of cultur es 

(curd) at da y 1, 30 and 60 of ripening (Table 1). FE acti vity 

was observ ed in CRL and Mix chee ses since the be ginning of 

ripening, and incr eased until da y 60. FE activ ity in Mix 

chee ses was appr ox. 2-fold higher than in CRL chee ses at both 

da y 30 and 60 of ripening. No FE activ ity was detecte d in cur d

and Starter cheese until da y 60.

In Starter cheese, micro biota counts decr eased 2.5 log 

units thro ughout ripening (Tab le 1). In cur d, micr obiota 

reac hed appr ox. 2 log cfu/g at the end of ripening. Micr obiota 

of CRL and Mix cheeses incre ased appr ox. 1 log unit during 

the 60 da ys of ripening, when bacterial gro wth was eva luated 

in MRS-EtF medium. In Mix chee se, L. fermentum CRL1446

reac hed higher counts (9.38 ± 0.09 log cfu/g) than in CRL 

chee se (8.73 ± 0.07 log cfu/g). At da y 60, the beha viour of star -

ter culture micr obiota was similar in Mix and Starte r cheeses 

(data not sho wn). In all cheeses, pH va lues decre ased appr ox.

0.10 units after 60 da ys of ripening .

3.2. Effect of goat cheese administr ation on intestinal FE 
activity

FE activ ity in eac h intestina l fra ction is sho wn in Tab le 2. In 

NTG , intestinal FE activ ity was mainl y localized in muco sa,

being 1.5-fol d higher in SIM than LIM. Re gar ding intestina l

contents, FE activ ity was 2-fold higher in LIC than SIC.
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No statisticall y significant differ ences were observ ed in to- 

tal intestina l FE activ ities betw een NTG and the gro ups fed 

with cur d and Starter che ese. Mice fed with CRL and Mix 

cheeses prese nted a total intestina l FE acti vity 1.5 and 2-fold 

higher than NTG , respecti ve ly . In SIM, FE acti vity was appr ox.

2-fold higher in CRL and Mix groups than in NTG , wher eas no 

statistica lly differ ent activ ities were observ ed betw een Cur d,

Starter and non-tr eated gro ups. In LIM, FE acti vity was 1.8 

and 2.3-fold higher in Cur d and Mix gro ups than in NTG ,

respecti ve ly . No statistica lly differe nt activ ities in LIM were 

observ ed in Starter and CRL gro ups. FE activ ity in SIC in all 

tr eated gro ups was slightl y lo wer than in NTG . No statistica l

differ ences in FE acti vity in LIC were observ ed betw een tr ea- 

ted and non-tr eated gro ups.

3.3. Effect of goat cheese administr ati on on intestinal 
micr obiota 

To determine whether administ ration of goat cheese with FE 

activ ity quantitati vel y alter ed intestina l micr obiota, log cfu/g 

of main intestina l bacter ial genera was eva luated in lar ge

intestine homogenates at da y 7 of feeding. Counts of main co- 

lonic bacter ial gener a in tr eated and non-tr eated mice are 

sho wn in Tab le 3. In Cur d gr oup , statistica lly significant in- 

cr ease (approx. 1 log cfu/g) in anaer obic bacteri a populatio n

was detected. No significant cha ng es in intestinal bacterial 

populatio n wer e observ ed in Starter , CRL and Mix gr oups at 

the end of tr eatment, compar ed to NTG .

3.4. Effect of goat cheese administr ation on lipid 
per oxidatio n

To assesswhether administration of goat cheeseswith FE activity

could affect the oxidative status of mice, plasmatic TBARS con-

centration, a marker of lipid peroxidation, was determined in

treated and non-treated mice (Fig. 1). TBARS concentrationswere

significantly lower in mice from CRL and Mix group (1.3-fold and

1.5-fold, respectively), compared to the NTG. However, no signif-

icant statistical differences in TBARS levels were observed be- 

tw een Cur d, Starter and non-tr eated gro ups.
3.5. Effect of goat che ese administr ation on plasmatic 
glutathio ne reductase activity 

GR acti vity determin ed in plasma of mice fed with goat 

cheeses and non-tr eated mice is sho wn in Fig. 2. Mice fed 

with CRL and Mix chee ses sho wed a statistica lly significant

incre ase in GR activ ity (1.4 and 2.7-fold, respecti ve ly), com- 

par ed to NTG . No significant statistical differ ences in GR 

activ ity le vels were observ ed betw een Cur d, Starter and 

non-tr eated gro ups.
4. Discussion 

Fermented dairy foods constitute 90% of the products in the pro-

biotic market (Meyer, 2007) and a growing sector in functional

food market (Ozer & Kirmaci, 2010). They have revealed good abil-

ities to protect bacteria against dige stive stresses (Ranadheera

et al., 2010). Numerous studies have demonstr ated that the 



Table 2 – Intestinal ferulo yl ester ase acti vity in mice fed with goa t milk chee ses.

Sour ce of enzyme FE activ ity A

NTG Treated gro ups 

Cur d Starter CRL Mix 

SIM 5.91 ± 1.11 a 5.62 ± 1.04 a 6.47 ± 0.89 a 10.42 ± 1.48 b 11.44 ± 1.33 b

LIM 3.91 ± 0.51 a 7.21 ± 0.88 b 5.31 ± 0.93 a 4.89 ± 0.63 a 9.17 ± 1.00 c

SIC 0.46 ± 0.09 a 0.33 ± 0.05 b 0.37 ± 0.09 b 0.33 ± 0.04 b 0.33 ± 0.03 b

LIC 0.78 ± 0.12 a 0.59 ± 0.10 a 0.58 ± 0.07 a 0.71 ± 0.10 a 0.84 ± 0.13 a

Tota l intestina l FE activity B 11.06 ± 1.61 a 13.74 ± 1.50 a 12.72 ± 1.16 a 16.35 ± 1.70 b 21.78 ± 1.69 c

Data are presented as mean ± SD (n = 6/g roup for each treatment). SIM, small intest ine mucosa; LI M, lar ge intestine mucosa; SIC, sma ll

intestine content; LIC, la rge intestine content . Me ans in the sa me ro w without a common superscript letter (a–c) differ sign ificantly (p < 0.05).

NTG , non-treated group .
A Resul ts are expressed as units (U) of ferulo yl esterase act ivity (FE) per gram of intestinal mucosa or content. U = mmol feruli c acid released 

per hour .
B Total intestinal FE act ivity = sum of FE activity of all inte stinal fractions.

Table 3 – Cell counts of intestinal bacterial micr obiota in mice fed with goa t milk che eses and non-tr ea ted mice.

Treated gro ups Micr oor ganisms A

Lactoba cilli Bifidobacteria Bacter oides Anaero bic bacteri a Enter obacteria 

Cur d 10.67 ± 0.95 a 10.03 ± 0.78 a 11.24 ± 0.64 a 11.44 ± 0.20 b 7.02 ± 0.39 a

Starter 9.76 ± 0.72 a 9.02 ± 0.56 a 10.88 ± 0.24 a 10.67 ± 0.13 a 6.74 ± 0.23 a

CRL 9.58 ± 0.67 a 9.68 ± 0.40 a 10.48 ± 0.78 a 10.50 ± 0.62 a 5.83 ± 1.10 a

Mix 9.52 ± 1.04 a 9.23 ± 0.78 a 9.79 ± 0.90 a 9.83 ± 0.60 a 5.50 ± 0.90 a

NTG 10.68 ± 0.56 a 9.85 ± 0.99 a 10.58 ± 0.45 a 10.62 ± 0.26 a 6.25 ± 0.90 a

Data are me an ± SD (n = 6/g roup at each treatment). Means in the same colu mn withou t a common superscript letter (a and b) differ signif- 

icantly from NTG (p < 0.05). NTG , non-treated group .
A Resul ts are expressed as log 10 cfu/g of lar ge intestine.
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Fig. 1 – Thi obarbituric acid-r eacti ve substance s (TBARS)

le ve ls in plasma of mice fed with goa t milk che eses with 

ferulo yl ester ase acti vity . NTG, non-tr ea ted grou p; Cur d,

mice fed with cur d for 7 da ys; Starter , mice fed with Starter 

cheese for 7 da ys; CRL, mice fed with CRL chee se for 7 da ys;

Mix, mice fed with Mix cheese for 7 da ys. Da ta ar e pr esented 

as mean ± SD (n = 12/gr oup). Means for each valu e without 

an y commo n symbols (*, #, §) differ significantly (p < 0.05).
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Fig. 2 – Glutat hione reductase (GR) acti vity in plasma of mice 

fed with goat milk che eses with ferulo yl estera se acti vity .

NTG, non-tr ea ted group ; Cur d, mice fed with cur d for 7 da ys;

Starter , mice fed with Starter cheese for 7 da ys; CRL, mice 

fed with CRL chee se for 7 da ys; Mix, mice fed with Mix 

chee se for 7 da ys. Dat a ar e pr esented as mean ± SD (n = 12/ 

group ). Means for eac h value without an y common symbols 

(*, #, §) differ significantl y (p < 0.05).
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addition of pro biotic bacteri a suc h as bifidobacteria and lacto- 

bacilli in functional foods has beneficial effects for human 

health; ther efore , these foods ha ve become the primar y cho ice 

for consumers (Ranadhee ra et al., 2010; Saxelin, Tynkk ynen,

Mattila-S andholm, & de Vos, 2005).

Goat cheese is highly nutritio us in terms of its high pro tein 

content in rela tion to calorie and fat contents, and might be 

further impr ove d by the addition of pro biotic cultur es (Gomes

& Malcata, 1998). Songisepp et al. (2004) re ported a goat 

che ese ‘‘Pikantne’’ with antimic robia l and antioxidan t pro per -

ties man ufactur ed with L. ferment um ME-3. Kullisaar et al.

(2003) demonstr ated that the consumpt ion of fermente d milk 

containing this L. fermentum stra in exhibited antioxid ant and 

antiather oge nic effects in health y volunteers.

In this paper we studied for the first time the effect of the 

intake of goat milk che ese with FE acti vity on the intestinal 

ester ase acti vity and oxidati ve status in mice . Goat cheeses 

were manu factur ed with L. ferment um CRL1446, str ain that 

pre sented stron g FE activ ity , and was ab le to toler ate the gas- 

tr ointestinal tr act condition s (acid pH and pre sence of bile 

salts) (Abeijo ´n Mukdsi, 2009 ). This stra in also had carboxyl 

ester ase acti vity in vo lv ed in the pro duction of flavour com- 

pounds in vitr o and in goat chee ses (Abeijo ´n Mukdsi, 2009;

Abeijo ´n Mukdsi, Medina, Álv are z, & Gonza ´ lez, 2009;

Olisze wski et al., 2007).

L. fermentum CRL1446 was used as single-str ain cultur e

(CRL cheese) or as adjunct cultur e (Mix che ese). In both 

che eses, FE acti vity incre ased during ripeni ng, rea ching the 

highest le ve l in Mix cheese at the end of ripening. These re- 

sults suggested that in the prese nce of starter cultur e, FE 

activ ity of CRL1446 stra in would be stimu lated. Starte r cultur e

stra ins did not prese nt FE acti vity (data not sho wn), whic h

was in ag reement with the ab sence of FE activ ity in Starte r

che ese. In addition, L. fermentum CRL1446 cell counts were 

similar (�9 log cfu/g) in CRL and Mix cheeses, wher eas the 

starter counts decre ased �2.5 log cfu/g at da y 60 of ripening.

These results would indicate that the starter culture could 

lyse and then pro mote the gro wth of L. ferment um CRL1446,

or stimu late its FE activ ity in Mix cheese.

Minima l concent ratio n of pro biotic that should be prese nt 

at the moment of intake to assure a fa vo ura ble impact on 

consumer’s health is ab out 10 7 cfu/g or ml of food (De Vuyst,

2000). In our experimen tal pro tocol, CBD was mixed with 60- 

da y-ripened cheese to obtain this concentr ation of L. fermen- 

tum CRL1446 in dail y portion.

In gener al, FE enzymes of LAB pre sent optimal acti vity at 

pH va lues of 6–8 and temper atur es of 20–37 �C (Lai et al.,

2009; Wang, Geng, Egashir a, & Sanada, 2004). Results ob- 

tained in this stud y sho wed that at pH val ues of �5 (cheese 

pH at the end of ripening) and 12 �C (ripening temper atur e),

FE of L. fermentum CRL1446 rem ained activ e for 60 da ys.

Ther efor e, goat che ese ela borate d with L. fermentum 

CRL1446 and ripened for 60 da ys, prese nted suitab le num ber 

of via ble cells and FE activ ity to positi ve ly impact on the 

host.

In vivo studies describe d in this paper , ab out the effect of 

the administ ration of goat cheese with FE acti vity , sho wed 

that total intestina l FE acti vity in mice fro m CRL and Mix 

gro ups incr eased 1.5 and 2-fold, respecti ve ly , compar ed to 

NTG . Ho weve r, in Cur d and Starter gr oups, no significant
differ ences were observ ed. These results wer e consisten t with 

the high FE activ ity found in CRL and Mix cheeses.

In a pre vious stud y we observ ed a 2-fold incre ase in total 

intestina l FE activ ity in mice recei ving L. fermentum CRL1446,

at dose 10 7 cfu/ml in drinking wate r for 7 da ys, compar ed to 

NTG (Abeijo ´n Mukdsi et al., 2012 ). This incr ease was similar 

to that we observ ed when administ ering chee se as a vehic le 

for the pro biotic str ain, as re ported in this paper .

In or der to determine whether the administr ation of 

cheeses with FE acti vity could affect ep ithelial or micro bial 

FE activ ity in the gut, this acti vity was assessed in content 

and mu cosa of small and lar ge intestines. Abeijo ´n Mukdsi 

et al. (2012) report ed that in mice administer ed with L. fermen- 

tum CRL1446 in drinking water , higher le ve ls of FE activ ity 

were detected in LIC and SIM, compar ed to NTG . Ho weve r,

the administr ation of this bacterium, carried in Mix che ese,

onl y pro duced activ ity incr ease in mucosa (SIM and LIM). This 

fact ma y indicate that L. fermentum CRL1446 could stimul ate 

the epi thelial FE activ ity . Slight incr ease in FE acti vity ob- 

serv ed in LIM in the Cur d gro up was not in accor dance with 

the ab sence of acti vity in the cur d. This result could be ex- 

plained by the incre ase (�1 log cfu/g) in total anaer obe popu- 

lation observ ed in Cur d gro up . This micr obiota, located 

primar ily in the colon, ma y stimul ate FE activ ity of muco sal 

cells. Ho wever , the activ ity incre ase in LIM in Mix gro up was 

significantly higher than in Cur d gro up . Ther e were no signif- 

icant quantitati ve chan ges in intestina l micr obiota in Starte r,

CRL and Mix gro ups.

Lipid per oxidation is one of the harmful consequen ces of 

the formation of reacti ve -oxygen species, and is widel y used 

as a biomarke r of oxidati ve status. In our stud y, the le vel of 

TB ARS , a typical bypr oduct of lipid per oxidation, serv ed as 

an index of lipid perox idation in plasma. Our results sho wed 

that plasmatic TB ARS concentr ations decre ased in CRL and 

Mix gro ups (1.3 and 1.5-fold, respe ctiv el y), compar ed to 

NTG . Mor eo ve r, GR activ ity increa sed in CRL and Mix gro ups 

(1.4 and 2.7-fold, respecti ve ly). These results indicate d that 

feeding mice with cheeses with high FE acti vity impr oved 

the oxidati ve status of animal s, and wer e in ag reeme nt with 

the higher le ve ls of total intestina l FE acti vity observ ed in 

both tr eated gr oups. An incre ased intestinal FE activ ity would 

enhance the hydrol ysis of dietar y hydr oxycinnam ates, releas- 

ing FA, whic h then could be absorb ed and exert its in vivo 

antioxid ant effect.

In a pre vious stud y we observ ed that the administ ratio n of 

L. fermentum CRL1446 in drinking water pro duced an appr ox.

30–40% decr ease in the basal le vels of plasmatic TB ARS , and 

an appr ox. 2-fold incr ease in GR acti vity fro m da y 5 of feeding 

at dose 10 7 cells per da y per mouse (Abeijo ´n Mukdsi et al.,

2012). Kullisaar et al. (2003) evaluated in 21 health y subjects 

the effect of consum ption of goat milk fermente d with 

L. ferment um ME-3 on markers of oxidati ve stre ss and ather o- 

scler osis determine d in bl ood and urine . That milk consump- 

tion incre ased LDL oxidation resistance and decr eased 

lipoper oxide le ve ls and glutathio ne redox ratio (oxidized glu- 

tathione/ redu ced glutathion e). GR activ ity stimu lation is of 

gre at rele va nce since GR is in vo lve d in the regener ation of 

reduced glutathion e (GSH), which is essential for the endoge- 

nous antioxi dant defence . GR can maintain GSH concentr a- 

tions in the cell, whic h is in vo lve d in glutathio ne 
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per oxidase-ca taly zed elimination of H2O2 and lipoper oxides 

(Halliw ell & Gutteridge, 1999 ).
5. Conclusions 

The results obtained in this stud y sho wed that goat milk 

cheeses ela bora ted with L. fermentum CRL1446, as single- 

str ain (CRL cheese) or adjunct cultur e (Mix chee se), pre sented 

FE activ ity until the end of ripening (60 da ys). Supplementi ng 

the con vent ional balance d diet with these cheeses for 7 da ys,

incr eased total intestina l FE activ ity and impr ove d oxidati ve 

status, mainl y in mice fed with Mix chee se. Ther efore , goat 

cheese ela bora ted with L. fermentum CRL1446 as adjunct cul- 

tur e could repr esent a no ve l dairy functio nal food with FE 

acti vity , responsib le for incre asing the bioa va ilabil ity of anti- 

oxidan t ferulic acid in the gut, and thus enhancing the con- 

sumer’s oxidati ve status. This functio nal chee se would 

repr esent an inno va tiv e pro duct pro viding pro tection ag ainst 

oxidati ve stre ss-re lated disor ders.
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