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Abstract: A concentrated form of cell free extract (CFE) derived from attenuated
Lactococcudactis supsb.lactis 303 CFE was encapsulated in liposomes prepared from
two different proliposome preparations (Prolipo Duo and Prolipo Sj)sing
microfluidization. Ehtrapment efficiencies of 19.7 % (Prolipo S) and 14.0 % (Prolipo Duo)
were achievedand the preparatiosy mixed in the ratio 4 (Prolipo Duo):1 (Prolipo S).
Cheddar heese trials were undeken evaluating the performance of CFE entrapped in
liposomes, empty liposomes afrde CFE in comparison to a control cheese without any
CFE or liposomes. ldentical volumes of liposome and amounts of CFE were used in
triplicate trials. The inclusion of lgsomes did not adversely impact on cheese composition
water activity,or microbiology. Entrapment of CFE in liposomes reduced loss of CFE to
the whey No significant differences were evident in proteolysis or expressed PepX activity
duringripening in comprison to the cheeses containing free CFE, empty liposomes or the
control as the liposomes did not degradaring ripening. This result highlights the
potential of lipsomes to minimize losses of encapsulated enzymes into the whey during
cheese productiout also highlights the need to optimize the hydrophobicity, zeta
potential, size and composition of the liposomes to maeintheir use as vectors for
enzyme addition in cheese to augment ripening.
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1. Introduction

Acceleration of cheese ripening has been proposed as a way to produce a fast ripening curd fol
processed cheese or to reduce costs associated with cheese maniifadiifferent strategies for
acceleration of cheese ripening have been described with the addition of exogenous enzymes being th
most studied techniqyéi 3]. The addition of exogenous enzymes is an accepted method to accelerate
Cheddarcheeseipening, however significant amounts of enzyme are lost to the whey and can have
adverse effectsn whey quality1]. Hence, the use of encapsulated enzymes has evolved as a method
to combat losses to whd¥] and improve enzyme retention in the cyi&l. Previais studies have
identified liposomes as suitable vectors for the inclusion of enzymes into cheese as they have a higt
affinity for milk fat and can encapsulate sufficiently large quantities of water soluble mgggrial

Previous studies have described the acceleration of cheese ripening with enzymes encapsulated i
liposomes[7i 13]. Foodgrade water soluble enzymes can be encapsulated in liposomes using milk fats
or different foodgrade proliposome§5,14], and losses to whey may be minimizedlippsomes
partition with the fat globules and the casein matrix when added to th¢liniMicrofluidization, is a
homogerzation method based on the use of relatively high pressamedias been described in the
manudacture of liposomes[7,14i 16]. In contrast with other liposome preparation methods,
microfluidizationdoes not require organic solvemisd is easy to scale upakingit suitable forlarge
scalefood gradeapplicationg7,15,17).

The objectives of this study were to evaluate the impact of the addition -dfezekxtracts (CFE)
of Lactococcus lactisubsp.lactis 303 and liposomencapsulated CFE afactococcs lactissubsp.
lactis 303 on the ripening of Cheddar chee€&E of Lactococcus lactissubsp.lactis 303 was
produced by microfluidization and subsequently encapsulated in two liposome preparations with
different phospholipid compositions.osses of key ntracellular enzymes were monitored during
production and ripening together with, microbiological analyses and phgiseznical characteristics
of the cheeses (composition, water activity and microscdpggcriptive sensory analysis and volatile
profiling were also determined at 1@l@ysripening

2. Results and Discussion
2.1. Lactococcus lactis subsp. lactis 303 Q#&nufacture and Encapsulation in Liposomes

Total cell counts in 10% reconstituted skim milk RSM) before tyndallization were
1.0 x 10° CFU/mL after whichbacteriawere notdetecteddata not shown)_actococcus lactisubsp.
lactis 303 cellswere grown ® 1.1 x 10'° CFU/mL (Table 1)and bllowing microfiltration (MF) the
retentate was processed through herofluidizer and subsequently fraedried. There was a small
decrease in cell numtsgpostmicrofluidization(9.0 x 10° CFUmL) (Table 1).
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Table 1. Total cell counts and enzyme activities of ppsiline dipeptidyl aminopeptidase
(PepX) and lactate dehydrogenase (LDH) determined atffieeetit stages of the cell free
extract (CFE) preparation.

Total cell counts PepX LDH

Sample (CFU/mL or (mM AMC /min-mL or (units/mL or

CFE/qg) * CFE/qg) * CFE/qg) *

In RSM after inoculation 50 x10°° nd nd

In RSM after growth 1.1x 10%°¢ 3.77 +0.01° 0.00+0.00 2

After microfluidization (4000 psi) 9.0x10°° 25.20 +0.01° 1.31+0.14°

Freezedried microfluidized cellg* 4.2x10%° 208.69+14.75° 13.8+0.37°
Freezedried CFE** 0? 1333.1 +116.07 nd

* Within each column, values with &&fent superscript letters are significantly differept<( 0.05; ** Values for
freezedried samples are expressed per g of frekieel powder, all other values are expressed per mal_;Not
determinedRSM: Reconstituted skim milkCFU: Colony-forming units AMC: 7-Aminoc-4-methyl coumarin.

In the RSM after growthlow level of PepX activiy was determinedbut no LDH activity was
detectedndicating minimal lysis of the bacterial cells at this stage (TableAljer one pass through
the microfluidizer, there was a significant increaseboth PepXandLDH activities p < 0.05 and
~18% reduction of viable celdue to cell disruption dfactococcus lactisubsplactis 303 cells.The
total cell countsPepX and LDH activity increased in the microfluidizezlls after freeze drying due
to a concentration effect and additional cell lysis as cell counts and enzyme activities are expressed ot
weight basis rather than on a volume baNis.viable cells were present in the freeze dried CFE as
anticipated andhelevel of Pep X activity was very high due to the fact thatasconcentratedh the
cell extract(Table 1) This resultalso highlights the fact that it is possible to freeze dry CFE and
maintain peptidase activity.

Encapsulation ofLactococcus lactissubsp. lactis 303 CFE was undertakernin two types of
proliposomes (Duo and S)Yhe amount of PepX activity in therater soluble303 CFE used to
manufacture the Cheddar cheese samples is given in Talie Rrolipo Duopreparatiorhas a lower
zeta potentiathan Prolipo S (Table) preparationbecause it contains momegatively charged
phospholipidsLower zeta potential values are associated with gréptmomalstability. A liposome
with a low zeta potential can cause electrostatic repulsions, whichninrmay prevent destalzétion
processes, such as coalescence and aggred@lidduring the encapsulation process, a substantial
amount of CFE remaed unbound to the liposomes/(%0). The encapsulation efficiency of 303 CFE
was 19.7% for Prolipo S and 144for Prolipo Duo (Table 2) which was not significantly diéfiet
(p ©0.05). Encapsulation efficiency of CFE in liposomes made with Prolipo S &8.#6 has been
reported for a cell free extract ofLactobacillus caseisubsp. pseudoplantarum[12] and lower
encapsulabn efficiency in liposomes of 12.7% for cryopsin has been descriiE].
Nongoniermeet al [14] reported enzyme entrapment effivages of 62.7% in Prolipo C and 29.2% in
Prolipo Sfor Debitrase DBP20In Prolipo VPF 012, encapsulation efficiencies @%B836% have
been reported for bacterial and fungal proteings}s 35.9% for Palatase M and 40.3% for
Lipase 50[10Q]. Liposomal encapsulation as low as 12.7% doropsin was shown to accelerate
proteolysis in Manchego cheegE3], therefore the encapsulation efficiencies achieved in this study
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were deemedappropriate to positively influence acceleration of proteolysis and thus flavor in
Cheddar cheese.

Table 2. Zeta potential and enzyme activity of pgsbline dipeptidyl aminopeptidase
(PepX) fromLactococcus lactissp.lactis 303 celtfree extract (CFEencapsulated in the
liposomes S and Duat the levels which were used for the cheese trials. Each value is the
average of triplicate determinat®(n = 3).

Zeta Total activity Unbound Encapsulated

potential  PepXactivity * 9% total activity PepX activity * % total activity PepXactivity * % total activity
Prolipo S 117.0 822.1 £273.1 100.0 610.4 £216.1 74.22 162.2 +33.4 19.7°
Prolipo Duo 139.3 3275.0 £1073.8 100.0 2448.4 £905.6 74.82 459.4 £144.5 14.0°

* PepXactivity is expressed inmol pNA/min-mL; Values with different superscript letters are significadifferent < 0.05.

The final preparation used in the cheessking trials contained a mixture of both Proliposome
preparations at a ratio of 4 parts Prolipo Duo and 1 part Pr8lipchis mixture was utied as the
Prolipo Duo liposomes are more hydrophobic than the Prolipo S and should partition better with the
milk fat globule membranand the casein matruring cheese production increasing retention in the
cheese curfll,6]. It has been suggested that liposomes are distributed in the curd in the same fashion
as bacterial cell§3], where liposomes behave as a carrier for different enzyme activities similarly to
bacterial cellsHowever, it is believed that enzyme release from liposomes oatarfaster rate than
from bacterial cell$3,18]. Although the mechanisms of enzyme release from liposomes in cheese are
poorly understood5]. It has been suggested that enzyme release from liposomes in cheese may
involve various parameters including temperature, pH and ionic strf8jgtin addition, 1 is thought
that liposome degradation in cheese may occur following aggregation processes which are favored a
low pH values. It has been shown that a decrease from pH 7 to 5 was responsible for the release o
active agent (calcein) encapsulated in liposoft€k Several studies have demonstrated the potential
of liposome encapsulated enzymes as a means to accelerate cheese [[i@étRjg by reducing
losses to whefA4].

2.2. Influence of CFE anBncapsulated CFE othe Composition and Water Activity of the Cheeses

The composition of the cheesessdetermined at day 14 (Table 3). Nanificant differences
(PO 0 weréeyident for moisture, fat, protein, salt or jdtween the four cheeses (Table 3). This
suggested that addition of encapsulated orermapsulated 303 CFE did not adversely impact on the
composition of the chees&hich is in agreement witBainville et al [20].
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Table 3. Composition of the cheese samples determined at day 14 of ripening. Each value

104

is the average of triplicate determiiloas (1 = 3). Cheese,IlControt Cheese 2cheese with
empty liposomes S and DuGheese 3cheese with liposomes S and Duo containing the
encapsulatedlactococcus lactissp.lactis 303 celtfree extract (CFE)Cheese 4Acheese
with Lactococcus lactis9. lactis 303 CFE.

Moisture Fat Protein Salt Water pH

(% wiw) (% wiw) (% wiw) (% wiw) activity
Cheesd  39.19 +1.03% 29.63 +0.68" 24.95 +0.62 1.79 £0.23% 0.967 +0.002 5.12 +0.11%
Chees®@  39.29 +0.96" 29.78 +0.65" 24.87 +0.44° 1.72 +0.172 0.972 +0.005% 5.08 +0.07%
Chees8  39.31 +0.83 29.67 +0.68" 24.82 +0.32¢ 1.74 £0.122 0.969 +0.0022 5.12 +0.09%
Cheesel  38.68 +0.89" 29.92 +0.58 25.19 +0.61% 1.95 +0.22% 0.970+0.002° 5.16 +0.12%

Within the sameolumn, values with similar superscript letters are not significantly diffeps@t (0. 0 5)

Some textural defects have also been associated with addition of liposomes into cheeses, which is
thought to be due to an increase in cheese moisti®,@0i 12]. An increase in the cheese moisture has
been associated with water binding at the liposome suft&feln addition to the increased moisture,
the associated decrease in the protein content can lead to a less firm and more brittle chees:
structure[8]. In contrast, Larivieret al [7] showed thaapart from increased moisture levels, cheeses
with liposomes did not have any negative textural issues in compdasoiontrol cheese without
liposome addition. No significant differences©® 0. 05) were noted in wa
cheeses, fghlighting that not only was there no differences in moisture, but that water activity was not
altered by the inclusion of liposomes. Lower water activity is known to reduce rates of proteolysis in
cheesd?21].

2.3. Enumeration ofStarter and NofStarter Lactic Acid Bacteria and Enzyme Activities during
Cheese Ripening

Evolution of LAB and NSLAB wez monitored during the ripening in each cheese (Figure 1). As
anticipated, LAB counts (Figurka) decreased and NSLAB increaskatingripening (Figurelb). The
decrease in LAB has been attributed to the changes in the cheese matrix including redyttion in
lactose content andnincrease in salt concentratipf]. There were no significant differences in the
cell couns determined for the four cheeses both for LAB and NSLAB( 0. 05) .
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Figure 1. Microbiological count in different cheeses faj) (actic acid bacteria (LAB) and

(b) nonstarter lactic acid bacteria (NSLAB) as a function of ripening time. Each point is
the average of three determinatioms=3). Cheese ,1Control Cheese 2cheese with
empty liposomes S and DuGheese 3cheese with liposomes S and Duo containing the
encapsulatedlactococcus lactissp.lactis 303 celtfree extract (CFE)Cheese 4Acheese
with Lactococcus lactissp.lactis 303 CFE.
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PepX and LDH activities were measured in the curd and whey sathpieg production of each
cheese. Only residual activities for LDH from starter LAB were found as anticipated (data not
reported), as cell lysis does not normally occur in the early stages of cheese [22kiitere were
no significant differencebetween PepX activities of the different curd sampte®( 0. 05) , b u:
were significant differencep & 0.05) in PepX activity in the whey samples (Figure 2).
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Figure 2. Postproline dipeptidyl aminopeptidase (PepX) in the curd and whey from the
different cheese samples. Each point is the average ofRlep¢ determinationan(= 3).

For the whey or curd samples, figures with different letters are significantly different
(p < 0.05. Cheese ,1Controt Cheese 2cheese with empty liposomes S and Duo
Cheese 3cheese with liposomes S abBdo containing thencapsulatetactococcus lactis
ssp.lactis 303 cell-free extract (CFE)Cheese Acheese with.actococcus lactissp.lactis

303 CFE.
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Significantly higher PepX activities were measured in the whey in Cheeses 3 eymdpared to
Cheeses 1and O 0).AB Bheeses 1 and 2 did not contain additional CFE it was anticipated that
levels should be similar and lower than Cheeses 3 and 4. The fact that levels of Pep X are significantly
higher p < 0.05) in Cheese 4 highligthat significant amountsf the added free CFE were lost to the
whey at drainage. The fact that additional levels of PepX activity were not found in curds and that
lower levels were in the whey in Cheese 3 in comparison to Cheese 4 indicates that additiasal CFE
incorporated intdhe curd within the liposome preparations.

PepX and LDH activities were monitored in the different cheesesl12 days of ripeninglhere
were no significant{ O  0).diffésences between the four cheese for PepX or LDH actiBibyh
LDH and PepX (Figire 3a,b) activitiesincreased numericallguring ripening. LDH levels increased
up to day 56 and then dropped up to day 84 and increased again up to day ll2heesds
(Figure 3a) The initial increase in LDH activity is likely related to lysis of starter LAB (Figure 1a),
and the later increase presumably due to a combination of continued lysis of starter LAB and lysis of
NSLAB. Even though NSLAB were seen tomerically accumulate (Figure 1b) at this time point, it is
anticipated that a percentage will also autoly&8. PepX activity increased rapidly between day 0
and 28 and then leveled off (Figure 3b).
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Figure 3. (a) Lactate dehydrogenase (LDH) activity the different cheese samples as a
function of ripening time(b) Postproline dipeptidyl aminopeptidase (Pepagtiity in the
different cheese samples as a function of ripening time. Each point is the average of three
determinationsr( = 3). Cheese ,1Control Cheese 2cheese with empty liposomes S and
Duo;, Cheese 3 cheese with liposomes S and Duo containing theamndated
Lactococcus lactisssp. lactis 303 celifree extract (CFE) Cheese 4 cheese with
Lactococcus lactissp.lactis 303 CFE.
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2.4. Evolution ofProteolysis in Cheeses over Ripening

No significant difference p O 0).cdulf be determined fqvH 4.6 water soluble nitrogen/total
nitrogen WSN/TN%) (Figure 4), or total free amino acids(TFAA) (Figure 4b) between allfour
cheesesluringripening.No difference in primary proteolysis as measured by pH 4.6 WSN/W&d%o
anticipatedas the CFE added in Cheeses 3 and 4 cadainly peptidase activity and as the added
liposomes in Cheeses 2 and 3 did not influence composition or water activity, levels of primary
proteolysis should not be different between these cheldsavever, t was anticipated that levels of
secondary proteolysis would have been significantly higher in Cheese 3 and maybe Cheese 4 due t
additional levels ohddedCFE in encapsulated or in free form, respectivAlyno TFAA differences
were evidentand no statistical differences were found in PepX activity between the cheeses this
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indicates that the concentration of CFE added in Cheeses 3 and 4 was Bitimsufficient to
influence secondary proteolysi®) fnost PepX activity was lost at wheyadrage (Figure 2), a definite
factor in Cheese 4, oB) in the case of Cheese 3, the liposomes remained intact throughout ripening
and did not release sufficient additional Pep X activity (Figume IB is notable that as differences of
PepX lost to thevhey were significantly less in Cheese 3, and levels within the curd in Cheese 3 and 4
were similar, this suggests that the liposomes in Cheese 3 did not rupture signifiaentyipening.

Figure 4. (a) pH 4.6 Water soluble nitrogen/total nitrogen (W8MW) as a function of
ripening time of the different cheesdb) Average totalfree amino acid§TFAA). Each
point is the average of three determinatiams: 3). Cheese ,1Control Cheese 2cheese
with empty liposomes S and DuGheese 3cheese with posomes S and Duo containing
the encapsulatetlactococcus lactisssp. lactis 303 cellfree extract (CFE)Cheese 4
cheese withLactococcus lactissp.lactis 303 CFE.
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2.5. Cryo SEM ol.iposomes within Cheese Curd up to 28 Days of Ripening

Cryo SEM was utilted to visualze the liposomes after manufacture and to determine their presence
and location in the chees&he liposomes had a heterogonous size as seen in the micrographs on
Figure 5a,b. Similar results have already been reported with liposomes manufactured with Prolipo S
and C showing a bimodal distribution made of populations of sm@lldBnm) and large vesicles
(3001 700 nm) [14].
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Figure 5. (a) and(b), cryogeniescanniig electron micrography (Cryo SEM) of liposomes.
Cryo SEM of thecontrol cheesg(Cheese 1) and theheese with liposomes S and Duo
containing the encapsulatédctococcus lactissp.lactis 303 celtfree extract (Cheese 3).
Cryo SEM at day 1 ford) Cheese8 and (1) Cheese 1 and at day 28 fej Cheese 3 and
(f) Cheese 1. Some liposomes are circled on micrographs.
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Analysis of cheeses with (Cheese 3) and without (Cheese 1) lipos@aaeamed ait to visualze
the liposomes in the cheese at day 1 andE8nular particles seen in Cheese 3 (Figureabdabsent
from Cheese 1 (Figure 5d) at dayére identified as liposomeAt day 28, liposomes could be clearly
seen on the micrograph of Che&s@-igure 5e) whictagainwere absent in Cheese 1 (Figure, 58
expected The micrographs confirmed that liposomes partitioned with the curd during cheese






























