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Abstract

Shortening the maturation period has several advantages in reducing the cost of cheese
production. Elevated temperature, enzyme addition, modified starter and a slurry method
have been used to reduce the period. Successful results in accelerated ripening have been
reported by employing enzymes such as proteinases, peptidases, lipase and 3-galactosidase
and a mixture of enzymes. In particular, the addition of proteinase in a promising method,

though excess amounts of enzymes tend to lead to the development of bitterness and
weaken cheese body. Although these shortcomings can be alleviated by the addition of
peptidases that release amino acids without affecting the cheese body, such peptidases are
not as widely available commercially as are proteinases. The aminopeptidase and serine
proteinase which are involved in the maturation of surface ripening of cheese varieties such
as Danbo, Limburger and Gruyere have been purified and characterized with a view to
applying them to accelerate the ripening of cheese. The effect of aminopeptidase and serine
proteinase has been investigated together with the characterization of there enzymes.

Discipline: Biotechnology/ Food
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Introduction

Shortening the maturation period of cheese has
several advantages, especially in reducing the cost
of cheese production. Recent advances in the analy-
sis of the maturation mechanisms of cheese have led
to the development of a method to reduce the matu-
ration period through elevated temperature, as well
as by the use of modified starters, semi-liquid slurry
and by enzyme addition'®. Since the first 3 methods
are sometimes difficult to control and have resulted
in putrefaction, it was reported that the addition of
enzymes such as beta-galactosidase®, lipase'”,
proteinase™'® and peptidase'® was a reliable and
reproducible method.

During maturation of cheese, components such
as proteins, lipids and lactose are metabolized to form
flavor compounds by the action of microorganisms
and enzymes. Proteins are first hydrolyzed into large
peptides and then to smaller peptides and amino
acids. Some of the amino acids are further metabo-
lized by microorganisms to form various flavor
compounds. By the addition of some proteolytic

enzymes, the maturation steps for the formation of
peptides and amino acids can be accelerated. How-
ever, the addition of proteinase often results in
bitterness caused by the release of peptides by the
action of proteolytic enzymes'®.

Peptides with some hydrophobic amino acids tend
to give a bitter taste. However, further hydrolysis
of these bitter peptides leads to the reduction of the
bitterness or to the absence of bitterness. There-
fore, the use of some peptidases results in the reduc-
tion of the maturation period without concomitant
bitterness*''¥. However, the commercial availabili-
ty of peptidases is very limited. We attempted to
identify suitable proteolytic enzymes for cheese matu-
ration.

A bacterium, Brevibacterium linens, responsible
for surface ripening of cheese varieties'® such as
Danbo, Limburger and Gruyere, was considered to
be one of the suitable enzyme sources for accel-
erating cheese ripening since it is involved in the
madturation of surface ripening of cheese and the
characteristics of the enzymes it produces are natu-
rally suitable for this purpose.
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Production of proteolytic enzymes by B. linens

Since this microorganism was reported to produce
several types of proteolytic enzymes™'?, the intracel-
lular and extracellular proteolytic activity was exa-
mined. When the 5 strains of B. linens were cul-
tured for 24, 48 and 72 h in the medium containing

Table 1. Effect of NaCl on extracellular proteinase and
aminopeptidase production by B. linens

NaCl concentration (%)

Medi 1) — —
i 0 0.5 1.5 5
Aminopeptidase activity® (unit/ml)
A 0.060 0.027 0.009 0.002
B 0.092 0.038 0.014 0.003
C 0.087 0.059 0.037 0.003
Proteinase activity® (unit/ml)
A 0.096 0.091 0.079 0.077
B 0.125 0.117 0,101 0.088
C 0.125 0.128 0.115 0.091

a): Media contained glucose 0.5%, yeast extract 0.1%,
K:HPO, 0.25%, MgS04.7H,0 0.02% and the fol-
lowing nutrients (pH7.0): Medium A ; tryptone 0.5%
and soytone 0.1%, Medium B; tryptone 1% and
soytone 0.3%, Medium C; tryptone 2% and soytone
0.9%.

b): Figures show highest aminopeptidase or proteinase
activity in the culture filtrate after 24, 48 and 72 h
of culture.
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Fig. 1. Time course of cell growth and enzyme (proteinase
and peptidase) production by B. finens
The microorganism was cultured at 24°C in
a medium containing tryptone 1%, glucose
0.5%, soytone 0.3%, yeast extract 0.1%,
K:HPOs 0.25% and MgSos.7TH2O 0.02%
(pH 7.0).
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casein, extracellular proteolytic activity was 10-20
times higher than the intracellular one: peptidase
and proteinase activities in the extracellular prepara-
tion were in the range of 0.03-0.06 and 0.002-0.074
unit/ml whereas those in the intracellular prepara-
tion were in the range of 0.001-0.006 and
0.002-0.005 unit/ml, respectively (Table 1).

Optimum medium composition for proteolytic
enzyme production by B. linens

The tryptone and soytone medium reported by
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Fig. 2. Optimum pH for 5 serine proteinases
Enzyme activities were measured by the stan-
dard assay in 50 mM of various buffers.
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Sorhaug'? was found to be suitable among the 4
media when tested for production of the extracellu-
lar enzymes. Optimum medium composition was
found to be as follows: tryptone 1%, K;HPOy4
0.25%, and MgS04.7TH;0 0.02%, pH 7.0.

Effect of NaCl on the enzyme production

Aminopeptidase production is strongly affected
by the presence of NaCl unlike the proteolytic
activity”. Since the microorganism is salt-tolerant,
reduction of NaCl may have affected the membrane;
especially the mechanism of release of peptidase from
the cell to the medium.

Relation between growth and enzyme production

Proteinase was produced from the beginning of
the logarithmic phase of growth while aminopepti-
dase production started at the early stationary phase
of growth as shown in Fig. 1. A change in the shape
from rods to cocci was observed when the produc-
tion of aminopeptidase was initiated. A similar rela-
tionship between the change of shape and vellow
pigment production has been reported in this
microorganism'®. Doubling time of growth was
calculated to be 2.64 h.

Characteristics of proteinases produced by B.
linens

Partial purification of one extracellular enzyme??,
and the presence of 3 to 6 extracellular proteinases
revealed in electrophoretic zymograms® have been
reported. Five serine proteinases were purified from
the culture filtrate of B. linens by a series of column
chromatography steps (Table 2) and found to be
homogeneous by polyacrylamide gel electrophoresis.
All appear to be serine proteinases as they were inac-
tivated by phenylmethylsulphonyl fluoride and not
by EDTA or p-chloro-mecuribenzoic acid. They were
all active against casein at the alkaline pH of 11.0
as shown in Fig, 2. Specific activity was within the
range of 2.66-3.23 unit/mg. Proteinases C, D, and
E were more stable at higher temperature and acidic
pH than proteinases A and B. Molecular weights
estimated by gel filtration were 37,000, 37,000,
44,000, 127,000, and 325,000 for proteinases, A, B,
C, D and E, respectively”.

Characteristics of aminopeptidases produced by
B. linens

Two aminopeptidases, designated as amino-

Table 2. Purification of the extracellular serine proteinases from B. linens F

. Volume
Step Proteinase (mi)
Culture filtrate A,B,C,D,E 220,000
DEAE-Sephadex A-50 A,B,C,D,E 12,500
batch
Ammonium sulphate A,B,C,D,E 1,600
fractionation
DEAE-Sephadex A-50 A.B 354
chromatography C 906
D.E 884
DEAE-Trisacryl M AB 238
chromatography C 421
D,E 377
Mono-Q HRS5/5 A -
chromatography® B -
(Twice) C -
D -
E &

Purification

Activity  Specific activity  Yield
(unit/ml) (unit/mg) (%) (fold)
0.118 0.0129 100 |
1.67 0.278 80.4 21.6
9.13 0.590 56.3 47.5
2.04 0.792 2.78 61.4
3.48 0.708 12.1 54.9
5.50 0.927 18.7 71.9
2.25 2.19 2.06 170
5.30 2.42 8.60 188
8.54 2.34 12.4 181
- 2.69 (0.47)® 209
- 2.70 (0.98) 209
- 3.23 (6.08) 250
- 3.19 (4.59) 247
- 2.66 _{3 £5) 206

One unit of proteinase activity corresponds to the amount of enzyme which releases 1umol of tyrosine/min under

the specified conditions.

a): Only part of the sample was applied due to the size of the semi-preparative columns.
b): Yields in this step were calculated as if all sample was subjected to the purification although only a portion of

sample was applied.
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Table 3. Purification of the extracellular aminopeptidases from B. linens
PlsiTcation At Volume _ Activity S_pccific activity Yield Purification
AR R (ml) (U/ml) (U/mg) (%) (fold)
Culture filtrate 10,000 0.0897 0.0308 100 1
Ammonium sulphate 120 10.1 0.385 136 12.5
fractionation
DEAE-Sephadex A-50 105 7.47 15.3 87.7 498
chromatography
DEAE-Trisacryl M 72 3.97 21.3 32.0 692
chromatography
Mono-Q HRS/5 - - 48.1 (24.7)0 1,560
chromatography™
Superose-6 HR10/30
gel filtration®®
Aminopeptidase A - = 52.1 (12.00® 1,720
Aminopeptidase B - = 60.2 .19y 1,950

a): Only a portion of sample was applied in these steps due to the size of the semi-preparative columns.
Yields were calculated based on the application of a portion of sample to the column.
b): The aminopeptidase fraction was separated into two fractions, aminopeptidases A and B, in this step.

peptidases A and B, were purified 1,720 and 1,950
fold, respectively, from the culture filtrate of B.
linens by ammonium sulphate fractionation, a series
of column chromatography steps on DEAE-Sephadex,
DEAE-Trisacryl M and Mono-Q, and gel filtration
on Superose-6, as shown in Table 3. Aminopepti-

Table 4. Effect of various metal ions on aminopeptidases
A and B activities

Metal salt Relative activity (%)
(1 mM) Aminopeptidase A Aminopeptidase B
BaCl; 98.6 99.4
CaCla 96.9 93.3
MgCly 90.4 91.3
CoCl, 32.4 32.0
AlICl, 211 18.1
FeCl; 14.8 16.4
CuCl; 8.4 7.5
MnCl; 14 | 5.8
ZnCly 1.5 1.4
HegCly 1.2 2.1
CdCl, 0.6 1.2
SnClL® 9.7 11.1
NiCL 2.1 3.4
PbClL® 0.6 1.2
None 100 100

Enzyme (17 milliunit of aminopeptidase A or B) was
preincubated for 1 h at 30°C with the metal salt indicat-
ed. After incubation, the activity was measured by the
standard assay. Enzyme activity in the absence of metal
salts measured by the standard assay was defined as 100%.,
a): Precipitate was observed during the enzyme reaction.

dase A accounted for 85% of the aminopeptidase
activity remaining by the end of purification. The
purified enzymes were homogeneous based on disc
gel electrophoresis. Aminopeptidases A and B
showed the same pH optimum of 9.3 and apparent
temperature optimum of 40°C, although the former
showed a slightly higher pH stability than the latter.
Both enzymes were completely inhibited by incuba-
tion with EDTA, indicating that they are metallo-
enzymes as shown in Table 4. The enzymes inacti-
vated by EDTA were reactivated by incubation with

Table 5. Reactivation of EDTA-inactivated aminopepti-
dases A and B by several metal ions
Extent of reactivation {_%B_
Metal salt - e - —
Aminopeptidase A  Aminopeptidase B
CaCl, 99.5 98.0
CoCly 89.3 87.1
MgCl; 47.0 36.8
ZnCl 36.4 26.7
MnCl; 20.5 33.2
None 0 0

The native enzyme (17 milliunit of aminopeptidase A or
B) was incubated with 0.1 mM-EDTA at 0°C for 1 h,
then metal salt was added to a concentration of 0.1 mM.
After incubation for 30 min at 0°C, the enzyme was as-
sayed. The final concentrations of metal ion and EDTA
in the standard assay were 0.04 mM and 0.004 mM, respec-
tively. The activity of the native enzyme which was not
treated by EDTA was measured in the absence of metal
salts and defined as 100%.
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Ca+, Co2+, Mg?2*+, Zn2+, or Mn2+ as shown in
Table 5. The molecular weights of aminopeptidases
A and B were estimated to be 150,000 and 110,000,
respectively by gel filtration on Superose 6, and 36,000
and 26,000, respectively, by SDS-PAGE. It was thus
assumed that each of the native enzymes occurs as
a tetramer. The Km values of aminopeptidases A
and B for L-leucine-p-nitroanilide were calculated to
be 16.1 and 15.2 mM, respectively®.

The purified aminopeptidases A and B hydrolyzed
a variety of substrates, showing a specificity for N-
terminal L-leucine (Table 6). Their substrate speci-
ficity differed from that of the aminopeptidase puri-
fied by Foissy (1978)”. The specificity of the purified
aminopeptidase A was not restricted to dipeptides

since tripeptide and tetrapeptide substrates were also
hydrolyzed. Proline iminopeptidase activity was also
confirmed, as the enzyme hydrolyzed L-prolyl-L-
methionine and related substrates. This broad sub-
strate specificity of the enzyme, which hydrolyzes
peptides containing N-terminal hydrophobic, aromatic
and basic amino acids as well as proline, seems most
suitable for accelerating cheese ripening.

Effect of proteinases on acceleration of cheese
ripening

It is understandable that mainly aspartic, cysteine,
or metalloproteinase, with an acidic or neutral rather
than alkaline optimum pH should have been used

Table 6. Substrate specificity of aminopeptidase A

Substrate® Relative activity™ Substrate® Relative activity®

Gly-Leu <0.1 Tyr-Leu 28.8
-Phe <0.9 Phe-Ala <2.5

Ala-Ala 3.6 -Leu 4.3
-Pro 3.6 -Phe 7.9
-Val 6.0 -Phe-Phe 49,1
-Leu 5.0 -Phe-Phe-Phe® 21.8
-Phe 11.8 Lys-lle 2.2
-Lys 11.0 -Phe 5.5

Val-Ala 1.8 His-Ala 2.6
-Pro <29 -Leu 19.8
-Phe 1.2 -Lys 60.0

Met-Gly 0.8 -Phe 25.0
-Pro <0.4 Arg-Leu 5.5

Leu-NH; 26.0 Try-Ala 37
-Ser 42.7
-Pro 3.7 Pro-Gly 0.3
-Gly 34 -Met 15.2
-Ala 52.9 -Leu 0.9
-Val 91.8 ~Tyr 4.9
-Met 408 (435) -Phe 4.5
-lle 42.5 ~Try 4.6
-Leu 100 (100)
-Tyr 268 (216) Glu-pNA <0.02
-Phe 187 (182) Ala-p NA 10.4
-Arg 1,100 (1,364) Leu-pNA 745 (764)
“Try 227 (239) Lys-pNA 39.8
-Leu-Leu 131

D-Leu-p-Leu <0.1 (<0.1)

p-Leu-L-Leu <0.1(<0.1)

L-Leu-p-Leu <0.1 (<0.1)

To minimize the experimental error, enzyme concentration (1.5-30 milliunit) and incubation time

(5-180 min) were varied depending on the susceptibility of each substrate.

a): All the amino acids were in the L-configuration, except where indicated. Concentration of sub-
strate was 1 mM except for tetraphenylalanine (about 0.4 mM).

b): Rate of hydrolysis relative to that of Leu-Leu, for which 6.7% of the substrate was hydrolyzed
after incubation with aminopeptidase A or B (3 milliunit) at 30°C for 10 min.
Figures in parentheses refer to aminopeptidase B.
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to accelerate the ripening of cheese, because the pH
of cheese is around 5. However, the important
characteristic of proteinase is not necessarily the op-
timum pH, but the specificity toward the amino acid
residues in casein, particularly for minimizing the
release of bitter peptides consisting mainly of aro-
matic and hydrophobic amino acids. Addition of
aspartic proteinase, which attacks these amino acid
residues more than metalloproteinase, resulted in a
strong bitterness'®.

Proteinase of B. linens can be considered to have
naturally desirable proteolytic characteristics, since
the microorganism is involved in the ripening of sever-
al cheese varieties'™. Two major proteinase frac-
tions of serine proteinase of B. linens, C and D-E,
which respectively account for 36% and 56% of the
total activity in the culture filtrate, were used, even
though they were less active and less stable in acidic
pH. Compared with the activity measured at the
optimum pH of 11.0, the activity at pH 6.2 was
4% for proteinase C, 10% for proteinase D, and
5% for proteinase E (Fig. 2). After incubation at

/I-casein

q%!
(a
b
(c)
(d

Direction of migration

Fig. 3. Polvacrylamide gel electrophoretograms
of cheese after 2 months of ripening
(a): Untreated control cheese,
(b): Cheese treated with metallopro-
teinase (Neutrase; 8.6 unit/kg curd),
(c): Cheese treated with serine pro-
teinase (Pro-C; 26 unit/kg curd); and
(d): Cheese treated with serine pro-
teinase (Pro-D-E; 26 unit/kg curd).
Absorbance at 570 nm.
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pH 5.2 and 12°C for 24 h, less than 20% of the
original activity of proteinases C and D-E was re-
tained. However, the environment in Cheddar cheese
in terms of enzyme stability and activity seemed 1o
be quite different from the environment in buffer,
as the serine proteinase fractions C and D-E promoted
the hydrolysis of casein (Fig. 3). However, quan-
titative analysis of the serine proteinase activity in
the enzyme-treated cheeses was unsuccessful due to
the interference in the assay of proteins and peptides
and amino acids extracted from cheese together with
proteinase. The effect of proteinases C, D-E and
Neutrase was indirectly observed as follows: acceler-
ation of caseinolysis, accumulation of peptides solu-
ble in TCA, and development of Cheddar cheese
flavor. A statistically significant increase in the

Table 7. Effect of serine proteinase (Pro-C) of B. linens
on flavor development of Cheddar cheese
ripened at 12°C for 2 months

Amount of

& T
proteinase irii:anvs?:ya} Bitterness® TC(:;BJN }
(unit/kg)

0 2.94 0.1 100
26 3.88** 0.4 125
8.6 3.24 0.4 110
2.9 3.35 0.2 112
8.6 (Neutrase) 31.88** 0.3 125

a): Mean taste panel scores for intensity of Cheddar
cheese flavor. Lowest; 0, Highest; 8.

b): Lowest; 0, Highest; 4.

¢): Proteolysis is expressed as TCA N (% of control),

**  Significantly different mean scores compared with
controls at P<0.01 (d(0.05) = 0.47; d(0.01) = 0.63;
df = 64).

Table 8. Effect of serine proteinase (Pro-D-E) of B. li-
nens on flavor development of Cheddar cheese
ripened at 12°C for 2 months

Amount of

proteinase i ;Lanw:i}trya} Bitterness® TC(':,O)NC)
(unit/kg)

0 2.94 0 100

26 3.76** 0 152
8.6 3.59* 0 148
2.9 2.76 0 126
8.6 (Neutrase) 3.59* 0 126

a); Mean taste panel scores for intensity of Cheddar
cheese flavor. Lowest; 0, Highest; 8,

b): Lowest; 0, Highest; 4.

¢): Proteolysis is expressed as TCA N (% of control).

*,** Significantly different mean scores compared with
controls at P<0.05, and P<0.01, respectively
(d(0.05) = 0.59; d(0.01)=0.79; df = 64).
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Table 9. Effect of aminopeptidase of B. linens on flavor development of Cheddar
cheese matured at 12°C for 2 or 3 months

Amount of enzyme

. S " <

Treatment Neutrase Peptidase F}avorwu_-nsn;nsny ’ Bi;{t)e:i:;m 5?;}-)!‘4 T?Q;N
(unit/kg) (unit/kg)

2-month maturation
C 0 0 3.00 =* - 0 100 100
N B.58 0 3,69 - ** 0 110 119
NAI3 8.58 6.88 (B. linens) 4.8] *> »= 0 131 154
NB! 8.58 2.30 (B. linens) 4,25 Fx% 0.05 117 120
NS/ B.58 2.57 (Strep. lactis)?) 4,63 % *¥ 0.05 128 149

3-month maturation
C 0 0 .43 %= _ 0 100 100
N 8.58 0 4,24 - ** 0.1 111 121
NBI3 8.58 6.88 (B. linens) 4,76 %% ws 0.05 139 157
NBI 8.58 2.30(B. linens) 438  ** 0.05 121 134
NI 8.58 2.57 (Strep. lactis)® 4,38 *» 0,05 117 135

a): Mean taste panel scores for intensity of Cheddar cheese flavor; *:** Significantly different mean scores compared

with treatment N in left column or treatment C in right column at P<0.05 and 0.01, respectively.
b): Crude extract of cellular protein of Strep. lactis with high exopeptidase activity was used as enzyme source (Law
& Wigmore, 1983). Proteolysis is expressed as sulphosalicylic acid (SSA)-soluble N (% control) and trichloroacetic

acid (TCA)-soluble N (% control).

typical Cheddar cheese flavor (P <0.01) was observed
in the cheese containing 26 unit/kg curd of pro-
teinases C (Table 7) and D-E (Table 8) after 2 months
of ripening'?. A nonsignificant difference in casein
hydrolysis between serine proteinase and metal-
loproteinase was observed, although the former was
expected to show a broader substrate specificity.

Contamination of proteinases D-E with aminopep-
tidase was less than 0.1 unit/kg curd and was consi-
dered to be negligible, because a peptidase activity
of 21 unit/kg curd was required to obtain a synergis-
tic effect on the acceleration of Cheddar cheese ripen-
ing in the case of peptidase from Streprococcus
lactis'®,

Effect of peptidase on acceleration of cheese
ripening

Since the availability of food-grade peptidase sub-
stantially free from endoproteinase activity is limited
commercially, at present, crude preparations rich in
peptidase activity, such as heat-treated cells” and cell-
free extract’® of cheese starter bacteria have been
used for accelerating cheese ripening, and indirect
evidence of peptidase action has been reported. By
employing substantially purified aminopeptidase from
B. linens, the synergistic effect of proteinase and
peptidase on the acceleration of cheese ripening was
confirmed. Sensory analysis of flavor intensity sug-
gested that the maturation period of Cheddar cheese

could be reduced from 4-6 months to 2 months'®
by the addition of Neutrase (8.58 unit/kg curd) with
the aminopeptidase (6.88 unit/kg curd) as shown in
Table 9.

Even though sensitive methods have been develop-
ed”, it is still difficult to detect the added enzyme
activity during accelerated ripening of cheese due to
the low concentration of the added enzyme (13.9
mg of Neutrase/kg curd in treatment N) and the
presence of interfering substances such as amino
acids, peptides and proteins. However, both the high
affinity of the aminopeptidase to DEAE-Sephadex
and the higher activity of the aminopeptidase at pH
8.5 (193 times that at pH 5.2) enable to measure

Table 10. Aminopeptidase activity recovered during
cheese maturation at 12°C

Maturation Treatment®
period _
(months) NBI3 (%) NBI (%)
0 85 93b)
1 91 89
2 86 92
3 94 87

a): Treatment codes as in Table 9.

b): Aminopeptidase activity was measured twice after ex-
traction of the enzyme from cheese using DEAE-
Sephadex. The amount of activity of aminopepti-
dase added to the curd at the salting stage was ex-
pressed as 100%.
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the enzyme activity in cheese. It was found that
the aminopeptidase which is unstable under acidic
conditions remained in a stable form in cheese for
at least 3 months (Table 10). It appeared that this
environment, which was markedly different from that
in buffer, exerted a stabilizing effect on the enzyme.
Thus it is possible that other enzymes that are
unstable in buffer could be used to accelerate ripen-
ing due to a similar stabilizing effect of cheese.

Successful results in the acceleration of ripening
of cheese using a combination of Neutrase and a
crude enzyme fraction rich in peptidase activity have
been reported for the hydrolysis of casein to pep-
tides and the peptidase contributed to the hydrolysis
of peptides of medium size to amino acids. It is
likely that the bitter peptides released from casein
by Neutrase would be further broken by the addi-
tion of aminopeptidase as has been reported to oc-
cur in heat-treated strain of Lactobacillus helveticus
in Swedish hard cheese” and a cell-free extract of
Streptococcus lactis in Cheddar cheese'?.

Since the purified aminopeptidase of B. linens
acts specifically on hydrophobic N-terminal amino
acid residues such as leucine, and is inactivated against
N-terminal glycyl residues®, it was expected that the
leucine and isoleucine contents would increase in the
aminopeptidase-treated cheese. However, molar ra-
tios of amino acids in NBI3 were found to be similar

Table 11.
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to those of the other cheeses including the control
(Table 11). Keeping the natural balance of amino
acids similar to that in the control cheese seemed
to be important in order to stimulate starter bacteria
to convert amino acids further into flavoring sub-
stances.

It was confirmed that the aminopeptidase was not
distributed evenly in the curd as it was rather difficult
to obtain a constant aminopeptidase activity from
samples containing as much as 10 g cheese. In con-
trast to the case of proteinase where both enzyme
and substrate have small diffusion constants because
of their large molecular size, the problem of uneven
distribution of the aminopeptidase will not be seri-
ous as both substrates and their products (peptides
and amino acids) are likely to migrate to and from
the aminopeptidase more easily than enzymes and
proteins. Uneven distribution of enzymes can also
be overcome by applying a liposome as an enzyme
carrier''?,

Conclusion

Both serine proteinase and aminopeptidase of B.
linens can be considered to be a promising enzyme
source for accelerating cheese ripening. However,
the production of these enzymes should be increased.
Culture filtrate of 2.6 | for the proteinase treatment

Molar ratios of free amino acids in enzyme-treated cheese

after 2 months of maturation

Treatment®

Amino acid®

C N NABI3 N B/ NS/
Asp 2.0 1.7 1.8 1.8 1.8
Glu 18.1 17.9 19.3 18.7 18.5
Pro 5.5 4.4 5.4 5.7 6.4
Gly 2.9 3.0 3.2 2.9 3.0
Ala 3.1 33 3.7 3:3 3.4
Cys 0.0 0.0 0.0 0.0 0.0
Val 9.1 9.1 9.9 9.2 9.2
Met 1.8 1.9 2.0 1.8 1.9
Ile 2.1 3.2 3.9 3.1 3.1
Leu 20.2 20.9 18.9 18.9 19.0
Tyr 2.6 1.9 1.2 1.4 1.6
Phe 9.3 9.2 8.9 9.0 9.1
His 2.2 34 3.5 34 3.9
Lys 5.9 5.3 3.5 5.6 5.2
NH4 14,7 14.1 14.4 14.6 13.3
Arg 0.5 0.7 0.4 0.6 0.6

Tata amoun 86.2 98.8 128 16 17

(pmol/g cheese)

a): Treatment codes as in Table 9.

b): Amounts of Thr, Gin, Ser and Asn were not determined as peaks were unresolved.
The amino acid content is expressed as % molar ratios.
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at a level of 26 unit/kg or that of 4.9 | for the
treatment of aminopeptidase at a level of NBI3 is
required to treat 1 kg of curd. Ample scope remains
for increasing the proteolytic enzyme production of
the strain, by changing the medium composition, cul-
ture conditions, and mutation. Furthermore, as it
was reported that a combination of proteinase and
peptidase for accelerated ripening led to a rapid
release of peptides and amino acids with a reduced
bitterness, application of crude enzyme preparation
of B. linens, which naturally contains both serine
proteinase and aminopeptidase, would be quite eco-
nomical.
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