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Abstract — Nattokinase, a subtilisin-like serine proteinase produced by Bacillus natto, is present in
the traditional fermented Japanese soyabean product “natto”. The aim of this study was to investi-
gate the effects of a semi-purified preparation of nattokinase (added to cheesemilk at 80, 160 or
320 pug-mL-1), on proteolysis in Cheddar cheese during cheese ripening. Levels of pH 4.6-soluble
N increased with ripening time and with level of addition of nattokinase. Specifically, increased
breakdown of oy - and B-caseins was observed in experimental cheeses compared to control cheese.
With increasing level of addition of nattokinase, increased production of a peptide with an electro-
phoretic mobility lower than that of the y-caseins was observed. Principal component analysis of
reversed-phase HPLC chromatograms of 70% (v/v) ethanol-soluble fractions of cheeses clearly dif-
ferentiated cheeses based on level of addition of nattokinase. Levels of most of the free amino acids
were higher in experimental cheeses compared to the control; however, the increase was not pro-
portional to level of addition of nattokinase. Overall, use of nattokinase as an exogenous enzyme
accelerated primary proteolysis in Cheddar cheese and increased the pool of most of the free amino
acids, which serve as substrates for many catabolic reactions and in turn affects the flavour of
cheese.
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Résumé - Utilisation de la nattokinase, une sérine protéase semblable a la substilisine, en vue
d’accélérer la protéolyse du cheddar au cours de I’affinage. La nattokinase, une sérine protéase
semblable a la substilisine produite par Bacillus natto, est présente dans le natto, produit fermenté
traditionnel japonais a base de soja. Le but de cette étude était d’étudier les effets d’une préparation
semi-purifiée de nattokinase ajoutée au lait de fabrication a raison de 80, 160 ou 320 ug-mL-! sur
la protéolyse du cheddar au cours de I’affinage. Les niveaux d’azote soluble a pH 4,6 augmentaient
avec le temps d’affinage et avec le niveau de nattokinase ajouté. Plus spécifiquement, une hydrolyse
accrue des caséines oy et (3 était observée dans les fromages expérimentaux. Lorsque les niveaux
d’addition de nattokinase augmentaient, on observait une production accrue de peptides a mobilité
électrophorétique inférieure a celle des caséines y. L’analyse en composante principale des chro-
matogrammes RP-HPLC des fractions de fromage solubles dans 1’éthanol a 70 % (v/v) différenciait
clairement les fromages selon le niveau de nattokinase. Les niveaux de la plupart des acides aminés
libres étaient supérieurs dans les fromages expérimentaux par rapport au contrdle, cependant I’aug-
mentation n’était pas proportionnelle au taux d’addition de nattokinase. Globalement, 1’utilisation
de nattokinase comme enzyme exogene accélérait la protéolyse primaire dans le cheddar et augmen-
tait la présence de la plupart des acides aminés libres servant de substrat a plusieurs réactions cata-

lytiques, ce qui en retour peut affecter la flaveur du fromage.

cheddar / nattokinase / protéolyse / affinage accéléré

1. INTRODUCTION

Cheese is a biochemically dynamic
product that undergoes numerous changes
after manufacture. Fresh cheese curd is
bland in flavour, but during ripening, a
series of complex biochemical changes
takes place, resulting in development of the
taste, aroma and texture, which are typical
of the particular cheese variety [12—14, 16,
36]. Of these biochemical changes, prote-
olysis is of most significance to hard cheese
varieties such as Cheddar [29]. Agents of
primary proteolysis (i.e., chymosin and
plasmin) hydrolyse intact caseins to gener-
ate large and intermediate-sized peptides,
which are then converted to small peptides
and free amino acids by proteinases and
peptidases of starter and non-starter lactic
acid bacteria. Free amino acids act as sub-
strates for secondary catabolic reactions,
which are of great importance in production
of various sapid compounds [23].

Cheese ripening is a slow process;
hence, considerable financial investment is
required to meet inventory costs, for storage
space and for maintaining ripening rooms at
defined ripening temperatures and relative
humidities. It is estimated that cheese rip-
ening costs approximately €500-800 per
tonne of cheese matured for nine months
[35]. Over the years, acceleration of cheese
ripening has received considerable atten-

tion, see reviews by [6, 11, 15, 19, 35, 38]
and different strategies have been
employed to accelerate this process. Addi-
tion of exogenous enzymes or semi-puri-
fied protein preparations to cheesemilk
have been used successfully to accelerate
ripening in different cheese varieties [3, 8§,
20, 21, 34, 37, 39].

“Natto” is a Japanese fermented soyabean
product known for imparting various health
benefits [17] and traditionally has been used
to treat heart and vascular diseases, to relieve
fatigue, as an anti-beriberi agent [30] and to
reduce blood pressure. Natto has a character-
istic typical taste and flavour, which are pro-
duced by Sumi et al. Bacillus natto [30]. The
presence of a strong fibrinolytic enzyme in
natto which was named “nattokinase”, was
first reported by Sumi et al. [30]. Nattokinase
is a subtilisin-like serine proteinase with
275 amino acid residues, a molecular mass
of ~ 28 kg-mol~! and a pl of 8.7 [17]. Plas-
min inhibitors such as €-amino caproic acid
and frans-4-amino-methyl-cyclohexanecar-
boxylic acid do not inhibit the fibrinolytic
activity of nattokinase. Moreover, the
action of protease inhibitors such as phe-
nylmethylsulfonyl fluoride and N-tocyl-L-
phenylalanine  chloromethylketone has
indicated that nattokinase is a subtilisin-
like protease rather than a plasmin-like pro-
tease [17]. The complete amino acid
sequence of nattokinase shows high homol-
ogy with subtilisins and is identical to that
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of subtilisin E and subtilisin J. The enzyme
has greater activity on a substrate for sub-
tilisin (Suc-Ala-Ala-Pro-Phe-pNA) than on
a substrate for plasmin (H-D-Val-Leu-Lys-
pNA; 17). Oral administration of nattokinase
has shown an extended enhancement of fibri-
nolytic activity in the plasma [31].

The aim of this work was to use a semi-
purified preparation of nattokinase in the
manufacture of Cheddar cheese to acceler-
ate proteolysis as evaluated using chroma-
tographic and electrophoretic techniques in
combination with multivariate statistical
analysis.

2. MATERIALS AND METHODS

2.1. Cheese manufacture

A semi-purified preparation of nattoki-
nase was obtained from Coex Mart, World
Trade Center, Seoul, South Korea. Pasteur-
ised (72 °C for 15 s) and standardised (0.7:1
casein: fat ratio) milk for cheese manufac-
ture was obtained from the Dairy Products
Research Centre Moorepark, Fermoy, Co.
Cork. Based on preliminary trials on cheese
slurries, nattokinase was added to the
cheesemilk at levels of 80, 160 or
320 pg-mL-1; cheese made from milk with-
out addition of nattokinase acted as the con-
trol. Four batches of Cheddar cheese (one
control and three experimental) were man-
ufactured from 100 L of milk on three occa-
sions (Trials A, B and C) by a conventional
cheesemaking procedure, using Lc. lactis
ssp. lactis 317 (Microbiology Department,
University College, Cork) as starter and
Maxiren 180 (DSM Food Specialties,
Delft, The Netherlands) as coagulant. The
cheeses were pressed overnight, vacuum
packed and ripened at 9 °C; samples were
subsequently taken from the cheeses after 1,
67, 120 and 180 d of ripening. The cheese
samples were grated immediately after
sampling and stored at —20 °C until ana-
lysed.

2.2. Compositional analysis

Cheddar-type cheeses were analysed for
moisture [2] and protein (macro-Kjeldahl).

Salt in cheese was determined by a potentio-
metric method [10] and the pH of a cheese:
water slurry (1:2) was measured. All com-
positional analyses were performed in trip-
licate. Analysis of variance was checked
using SPSS statistical package (SPSS for
Windows, Version 11.0, SPSS Inc, Chi-
cago, USA) with Tukey’s pairwise compar-
isons at the 95% confidence level.

2.3. Assessment of proteolysis

pH 4.6-soluble and -insoluble extracts
were prepared from the cheeses by modifi-
cation of procedure of [18], as described by
[28]; the nitrogen content of these extracts
was determined by the macro-Kjeldahl
method and results were expressed as a per-
centage of total cheese nitrogen. The pH
4.6-insoluble fractions were lyophilised,
while the pH 4.6-soluble fractions were
sub-fractionated using 70% (v/v) ethanol
[28]; both the ethanol-soluble and -insoluble
sub-fractions were lyophilised. Lyophilised
pH 4.6-insoluble fractions were analysed
by urea-polyacrylamide gel electrophoresis
(PAGE)(12.5%T,4% C,pH 8.9) according
to the method of [1], as modified by [27].
Gels were stained [5], destained in distilled
water and scanned on a flatbed scanner (HP
Scanjet 6300C, Singapore) and densitomet-
ric analysis was performed on the scanned
image using gel analysis software (Total
Lab 1D, Nonlinear Dynamix, Newcastle-
upon-Tyne, United Kingdom). Peak vol-
umes of individual bands, obtained by den-
sitometric analysis of gels, were used as
variables for principal component analysis
(PCA), performed using a covariance
matrix by the SPSS statistical package
(SPSS for Windows, Version 11.0, SPSS
Inc., USA). Groupings on the score plots
were obtained by performing hierarchical
cluster analysis on the data.

Peptide profiles of 70% ethanol-soluble
fractions were determined [28] and data
obtained were analysed by multivariate sta-
tistical techniques. The data for factor
reduction analysis were obtained by taking
peak heights as variables and pre-processed
using a logistic function [24]; after this step,
processed data consisted of classes of reten-
tion time (retention classes) wherein peak
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Table I. Compositions of Cheddar cheeses made from milk with different levels of added

nattokinase.
Nattokinase level %

L pH
(ug-mL™) Moisture Protein Salt S/M*
0 5.10 (0.04) 39.60 (1.24) 26.04 (0.80) 1.06 (0.11) 2.60 (0.27)
80 5.04 (0.04) 39.28 (1.29) 25.72 (0.65) 1.11 (0.09) 2.71 (0.22)
160 5.00 (0.03) 38.74 (0.53) 25.72 (0.20) 1.13 (0.10) 2.76 (0.24)
320 5.03 (0.04) 39.42 (1.05) 25.69 (0.76) 1.21 (0.12) 2.95 (0.29)

* Salt-in-moisture.
Values in parenthesis indicates + SD of three trials.

heights were accumulated using the dis-
tance from centre of class as a weight. Fac-
tor reduction analysis was performed on the
processed data using the covariance matrix
for determination of principal components
[25] using the SPSS statistical package.
Analysis of individual free amino acids was
performed using the method described by
[9] on 12% trichloroacetic acid (TCA) sol-
uble sub-fractions of the pH 4.6-soluble
extracts prepared after 180 d of cheese rip-
ening. The TCA soluble sub-fractions were
diluted with 0.2 M sodium citrate buffer
(pH 2.2) to give approximately 250 nmol of
each amino acid residue. The samples were
diluted 1:2 with norleucine, the internal
standard, to give approximately 125 nmol
of each amino acid residue/ml of injection
volume. Samples were then analysed on a
120 x 4 mm cation-exchange column (Na+
form) with a Beckman 6300 High Perform-
ance Amino Acid Analyser (Beckman Instru-
ments Ltd, High Wycombe, UK). The
individual amino acids were separated by
ion-exchange chromatography with post-
column ninhydrin derivatization and visi-
ble colorimetric detection. The amino acids
were detected at 570 nm with the exception
of proline, which was detected at 400 nm.
Results were recorded using a Minichrom
data handling system (VG DataSystems,
Altrincham, Cheshire, UK).

2.4. Plasmin assay

The cheeses were assayed for plasmin
activity and plasminogen levels by a mod-
ification of the method of Richardson and

Pearce [26]. Grated cheese (3 g) was mixed
with 2% (w/v) trisodium citrate (27 mL)
and stomached for 5 min in a laboratory
stomacher (Colworth Stomacher 400,
Seward Laboratory, London, UK). The
resultant homogenate was equilibrated at
37 °C for 15 min before centrifuging at
27000 xg for 30 min at 4 °C. The superna-
tant beneath the fat layer was assayed for
plasmin activity using N-succinyl-alanyl-phe-
nylalanyl-lysyl-7-amido-4-methyl-coumarin
(Suc-Ala-Phe-Lys-AMC) as substrate.
Plasminogen-derived activity in the super-
natant was determined after activating plas-
minogen to plasmin using 0.2 U-mL-!
urokinase (Fluka Laboratories, Buchs,
Switzerland). Plasmin activity in cheese
was expressed as plasmin units g-! cheese
(where 1 unit was defined as the activity
necessary to release 1 nmol of 7-amido-4-
methyl-coumarin from Suc-Ala-Phe-Lys-
AMC per min at pH 7.5 and 25 °C).

3. RESULTS AND DISCUSSION

Composition and pH of Cheddar cheeses
manufactured from milk with different lev-
els of nattokinase (experimental) or without
addition of nattokinase (control) were ana-
lysed 1 d after manufacture (Tab. I). Values
for pH, moisture and protein content were
similar in control and experimental cheeses.
Similar values for pH, moisture and protein
for Cheddar cheese made in a pilot scale
have been reported [3, 37]. Salt content
and salt-in-moisture levels were low com-
pared to normal values for Cheddar cheese
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Figure 1. Changes in pH 4.6-SN as % of TN, during ripening of Cheddar cheese made from milk
supplemented with 0 (®), 80 (O), 160 (¥) or 320 (V) ug-mL-! nattokinase. Values are means *
standard deviations of data from triplicate analyses of cheeses from 3 separate trials.

(~ 1.5 and ~ 5.0%, respectively); however,
no differences were apparent between con-
trol and experimental cheeses. Overall
results in Table I indicate that addition of
nattokinase at different levels in cheesem-
ilk for manufacture of Cheddar cheese did
not result in compositional differences.

Primary proteolysis was measured in
control and experimental Cheddar cheeses
by measuring the levels of pH 4.6-soluble
nitrogen (SN) calculated as % of total nitro-
gen (TN) (pH 4.6-SN/TN) at various ripen-
ing times (Fig. 1). Levels of pH 4.6 SN/TN
ranged from 6.47% (control) to 7.91
(cheese made from milk with 320 pug-mL-!
nattokinase) after day 1 and 19.97% (con-
trol) to 23.32% (320 ug-mL-! nattokinase)
after 180 d of ripening. The milk coagulat-
ing enzyme, chymosin and the indigenous
milk proteinase, plasmin, are the principal
agents responsible for primary proteolytic
agent in Cheddar cheese. Action of these
proteolytic agents on the caseins results in
the formation of large and intermediate-
sized peptides, some of which are soluble in
water [36].

In the control cheese, levels of pH 4.6-
SN/TN increased as ripening progressed,
probably due to the action of chymosin and
plasmin, whereas in cheeses manufactured
from milk supplemented with different
amounts of nattokinase, levels of pH 4.6-
SN/TN increased in a manner proportional
to the amount of nattokinase added. In con-
trol and experimental cheeses, increases in
levels of pH 4.6-SN/TN followed a curvi-
linear pattern. This trend in the production
of SN during ripening can be attributed to
availability of cleavage sites for the primary
proteolytic agents.

At the beginning of ripening, these sites
are readily available for hydrolysis by chy-
mosin or plasmin (or nattokinase in experi-
mental cheese), hence generating soluble
peptides at a constant rate; however, with
the ongoing progress of ripening, more
casein has been hydrolysed and the availa-
bility of such sites becomes limiting, thus
reducing the rate of formation of pH 4.6-
SN. Differences in the levels of pH 4.6-SN
between control and experimental cheeses
were apparent from day 1 of ripening (Fig. 1)
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Figure 2. Urea-polyacrylamide gel electrophoretograms of pH 4.6-insoluble fractions of Cheddar
cheese of a single trial made from milk supplemented with 0, 80, 160 or 320 pug-mL~! nattokinase

at 67, 120 or 180 d of ripening.

and these differences increased in magni-
tude with the progress of ripening. At the
end of ripening, pH 4.6-SN content of
experimental Cheddar cheese increased by
4.5, 10 or 17% compared to the control
when cheesemilk was supplemented with 80,
160 or 320 pg-mL-! nattokinase, respec-
tively. Law and Wigmore [20] and Farkye
and Fox [7] achieved a ~20% increase in SN
content using Neutrase, a neutral proteinase
produced by Bacillus subtilis, and exoge-
nous plasmin, respectively, for the manu-
facture of Cheddar cheese.

Analysis of pH 4.6-insoluble fractions of
control and experimental Cheddar cheeses
by urea-PAGE showed the qualitative pat-
tern of proteolysis during ripening (Fig. 2).
The principal caseins, 04j-casein and

B-casein, which are the preferred substrates
for chymosin and plasmin, respectively,
were degraded gradually during ripening.
Hydrolysis of o;-casein by chymosin
resulted in 0G;-CN (f24-199), which was
subsequently hydrolysed to 0g-CN (f102-
199) by chymosin, while hydrolysis of
[-casein by plasmin resulted in formation of
Y 1-, Y- and v3-CN (Fig. 2). With progress-
ing ripening, intensity of these breakdown
products from oy - and B-caseins increased
in control and experimental cheeses;
however, the rate of their production dif-
fered. As level of addition of nattokinase to
milk increased, increased production of
peptide, of electrophoretic mobility lower
than y-caseins (marked X on Fig. 2) was
observed.
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Levels of peptide X increased in control
and experimental cheeses as ripening pro-
gressed; however, the level was maximum
at highest levels of addition of nattokinase
(320 pg-mL-1), suggesting that peptide X
was produced by the action of nattokinase.
Accelerated breakdown of caseins has been
observed in other studies where cheesemilk
was supplemented with exogenous protei-
nases or plasminogen activators [3, 20, 37].

Densitometric analysis of urea-PAGE
gels was performed to confirm visual obser-
vations (Fig. 3a) and peak volumes of elec-
trophoretic bands were measured. During
ripening, the peak volumes of bands corre-
sponding to 0y ;- and B-caseins decreased in
control and experimental cheese; however,
experimental cheese showed greater decreases
in peak volumes of o - and -caseins, com-
pared to control (not shown). The data for
peak volumes of the bands separated by
urea-PAGE were analysed by performing
multivariate statistical techniques (Fig. 3b,c).
PCA explained 96.9% of the variation
between the samples on two principal com-
ponents (PC) 1 and PC2, which accounted
for 66.5% and 30.4% of variation, respec-
tively. PCI1 separated samples based on
combination of age of cheese (67, 120 or
180 d) and treatment, while PC2 separated
samples based on treatment (Fig. 3c).

Experimental cheese manufactured with
the highest level of added nattokinase
(320 ug-mL-1) was different to the control
cheese after 67 d of ripening on PC1, while
differences between control cheese and
cheese manufactured with lower levels of
nattokinase (80 ug-mL-! or 160 ug-mL-1)
became apparent on PC1 as ripening pro-
gressed.

Factor loadings for PC1 had negative
values for og;-, B- and oy -CN (f24-199)
and positive values for 0 -CN (f102-199),
Y- and 73-CN (Fig. 3b). Accumulation of
01-CN (f102-199) and y ;- and 7y 3-caseins,
explained most of the variation on PCI.
Variation on PC2 was due to positive factor
loadings for peptide X and 7y ,-casein and
negative values for oy;-, B-casein (Fig. 3b).
Factor loadings for peptide X and B-casein
on PC2 were of opposite magnitude, indi-
cating accelerated breakdown of B-casein
and accumulation of peptide X. HCA clus-

tered cheeses into four main subgroups (not
shown).

The first subgroup included control and
experimental cheeses at 67 d. In this sub-
group, control and experimental cheeses
(made from milk supplemented with 80 or
160 pg-mL-! nattokinase) grouped closely,
while cheese manufactured using the high-
est levels of nattokinase (320 ug-mL-1)
grouped separately from the remaining
cheeses. The second and third subgroup
included control and experimental cheeses
made from milk supplemented with 80 or
160 pg-mL-! nattokinase at 120 and 180 d,
respectively, while the fourth subgroup
clustered cheeses manufactured from high-
est levels of nattokinase at 120 and 180 d.
Breakdown patterns of og;- and B-casein
between control and cheese manufactured
from highest levels of added nattokinase
(320 ug-mL-1) were different after 67 d of
ripening (Cluster 1), which became very
distinct as ripening progressed.

At the levels at which nattokinase was
added to cheesemilk (80, 160 or 320 ug-mL-1),
itdid not show activity on the substrate used
to assay for plasmin activity. Plasmin activ-
ity in control and experimental cheeses did
not differ at the end of ripening (data not
shown); moreover, results of urea-PAGE
showed little difference in levels of y -caseins,
which are the breakdown products of plas-
min action on B-casein [4] between control
and experimental cheeses made from milk
supplemented with nattokinase. These results
indicate little or no activation of plasmino-
gen to plasmin by nattokinase in the com-
plex environment of cheese, although a
strong pro-urokinase activator activity in
natto has been previously attributed to nat-
tokinase [32, 33].

Reversed-phase HPLC provides valuable
information about changes in levels and pro-
files of intermediate to small-sized peptides in
cheese during ripening [22]. Typical RP-
HPLC chromatograms of lyophilised 70%
ethanol-soluble fractions for control and exper-
imental (made from milk supplemented with
320 pg:mL-! nattokinase) cheeses are
shown in Figure 4a. Quantitative differences
in cumulative peak heights in different
retention classes in chromatograms of con-
trol and experimental cheeses were
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observed (Fig. 4b,c). PCA of cumulative
peak heights at different retention classes of
different samples explained 76.6% of total
variation by two PCs (PCl and PC2
explained 56.7% and 19.9% of variation,
respectively) (Fig. 4d).

At the beginning of ripening, the sam-
ples were grouped closely on PCI, but as
the ripening progressed, experimental
cheeses separated from the control. Later
in the ripening, cheeses manufactured from
milk with 160 and 320 pg-mL-! added nat-
tokinase separated distinctly on PC1 from
rest of the samples (Fig. 4d). Plotting factor
loadings for PC1 and PC2 against retention
classes differentiated factor loadings
responsible for the variation on respective
PCs (Fig. 4b,c). Separation of samples on
PC1 reflected formation and degradation of
some peptides during cheese ripening due
to the action of nattokinase. Moreover,
retention classes with factor loadings that
were responsible for the variation on PC1
corresponded to more hydrophobic pep-
tides (peptides eluting in the region of 30
and 60 min).

Nattokinase is a subtilisin-like serine
proteinase and subtilisins or neutral protein-
ases have a tendency to produce hydropho-
bic peptides [20]; addition of nattokinase to
cheesemilk clearly increased production of
hydrophobic peptides, resulting in varia-
tion between samples on PC1. Factor load-
ings for PC2 showed that peptides with
short elution times, which are hydrophilic
in nature, were largely responsible for the
variation on this component.

Analysis of individual and total free
amino acids indicated differences between
control and experimental cheeses (Fig. 5).
Levels of many amino acids were higher in
cheeses supplemented with nattokinase
compared to the control; however, the
increase in free amino acids in experimental

-

cheese was not proportional to the rate of
addition of nattokinase to cheesemilk. At
the end of ripening, glutamic acid, phenyl-
alanine, lysine, leucine and valine were
found to be dominant in 12% TCA-soluble
fraction of Cheddar cheese. The same
amino acids have been found to be domi-
nant in Cheddar cheese [3, 39]. Results of
urea-PAGE (Fig. 2) showed accelerated
breakdown of caseins by nattokinase to
large and intermediate-sized peptides.
These peptides, which are subsequently
degraded to small peptides by various
peptidases or proteinases in cheese, are pre-
cursors for the production of free amino
acids. Use of nattokinase may increase the
substrate pool for production of amino
acids; however, in the absence of increased
peptidase activity, the increase in amino
acids level was not proportional to the rate
of addition of nattokinase.

4. CONCLUSION

Use of a semi-purified preparation of
exogenous nattokinase for the manufacture
of Cheddar cheese accelerated production
of pH 4.6-SN by ~17% compared to control.
Use of this subtilisin-like serine proteinase
enhanced breakdown of og;- and B-casein.
Little or no difference was observed in the
plasmin activity between control and
experimental cheese, indicating little or no
activation of plasminogen by nattokinase in
cheese. Reversed-phase HPLC chromato-
grams showed increased production of
hydrophobic peptides in experimental cheese
compared to the control. Levels of most of
the individual free amino acids were higher
in experimental cheeses compared to control
cheeses; however, the increase was not pro-
portional to level of addition of nattokinase.

Figure 3. (a) Typical densitometric profile of the urea-polyacrylamide gel electrophoretogram of
180 d old Cheddar cheese, (b) score plot obtained by principal component analysis (PCA) of den-
sitometric data from urea-polyacrylamide gel electrophoresis of Cheddar cheeses of a single trial
made from milk supplemented with 0 (C), 80, 160 or 320 ug-mL-! nattokinase after 67 (2M);
120 (4M) or 180 (6M) d of ripening, and (c) factor loadings for principal components 1 and 2 obtained
by principal component analysis of densitometric data.
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Figure 4. (a) Reversed-phase HPLC chromatograms of 70% (v/v) ethanol-soluble sub-fractions
of pH 4.6-soluble extracts of Cheddar cheese (Trial A) made from milk supplemented with O or
320 ug-mL~! nattokinase at 180 d of ripening, (b) cumulative heights at different retention classes
for chromatographic data from Cheddar cheese made from milk supplemented with 0 or 320 ug-mL~!
nattokinase at 180 d of ripening.
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Figure 4. (c) Factor loadings for principal components 1 and 2 obtained by principal component
analysis (PCA) of cumulative heights at different retention classes and (d) score plot obtained by
PCA of data from reversed-phase HPLC chromatograms of 70% (v/v) ethanol-soluble fractions from
Cheddar cheese made from milk supplemented with 0, 80, 160 or 320 pug-mL~! nattokinase after
67,120 or 180 d of ripening.
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Figure 5. Levels of individual free amino acids in pH 4.6-soluble fractions (if Cheddar cheese made
from milk supplemented with O (J), 80 (), 160 ([]) or 320 () pg:mL™ nattokinase after 180 d

of ripening.

In conclusion, use of nattokinase for Ched-
dar cheese manufacture accelerated prote-
olysis during ripening and use of attenuated
starters in combination with nattokinase
may accelerate peptide breakdown and
enhance breakdown of hydrophobic and
potentially bitter peptides produced by nat-
tokinase, which may aid in improvement of
cheese flavour.
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