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An Expansion Algorithm and Its Implementation
for Sensitivity Analysis in LP

Koonchan Kim

Sensitivity analysis in linear programming focuses on the effects of
perturbation in the coefficients of the objective function or the right-
hand side terms. This paper describes a techinque which enlarges the
region as large as possible along a direction, where the cost coefficients
and right-hand side terms can be altered without necessarily changing
the current optimal basis. The formulated algorithm is implemented on
a linear programming problem for illustration and viability.

1 Introduction
Consider the following polytope P defined by the following set of inequalities,

any + a2+ -+ anRz, < b
an; + anZs+---+aut, < b

| )
bm

IA ..

am1Z1 + Qoo - - + AmnTn

which can be written in matrix and vector notations as Ax < b. We assume that
at least one interior point y° exists in P. One intriguing and useful question would
be to find a region R with y° € R such that R C P. An approach would consist of
finding a starting region S with y° € S contained in P and expanding S using some
technique into R such that SC R C P.

The starting region S can be obtained, for example, using the concept of Tcheby-
cheff norm. For the application of this concept on the development of the tolerence
approach can be seen in [4]. An expansion method on S to compute a larger region
R and its application on sensitivity analysis is described in [3].

2000 Mathematics Subject Classification: 90C05, S0C31.
Key words and phrases: Sensitivity analysis; Linear programming.

-1 -



2 Koonchan Kim

This paper describes a techinque which enlarges the starting region S as large
as possible along a direction to obtain a so-called ‘maximal’ region T where the cost
coefficients and right-hand side terms can be altered without necessarily changing
the current optimal basis B of a given linear programming.

This paper is organized as follows. Section 2 presents preliminaries concerning
the formation of a starting region and an expansion technique. Section 3 describes an
algorithm for finding a ‘maximal’ region and demonstrates the proposed technique
on an example. An application on sensitivity analysis is provided in Section 4 and
concluding remarks are given in Section 5.

2 Priliminaries

2.1 Computation of a Starting Region S

Given a polytope defined by Ax < b (this polytope is called ‘z’-critical region) with
an interior point y°, find a vector a such that A(y° + a) < b. Note that this can
be written as Aa <b - Ay° =b, i.e,,

Za,-jajsgi for z=1,,m (2)

j=1
Above is called an ‘a’-critical region. Let
n
o, =max{@>0:) |ay|&<b,i=1,2,...,m}.
j=1

Then a, > 01is the largest value such that so long as —a, < a; < a,, the inequalities
in (2) are satisfied.
"To compute «, using the concept of the Tchebycheff norm|5], let

b;
Y= =
' E?:l |aij I
fori=1,...,m, and set
Q, = min{’)’l”ha--'x'Ym}' (3)

Putting a = (a,, 0., ...,a,)7T gives Aa < b, and
S =TIy — 95 + o) (4)
j=1

will be the starting region contained in P with y° € S.
2.
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2.2 The Expansion Technique

Suppose that an ¢th inequality in (2) becomes tight(if more than one, choose arbi-
trarily) in the following sense:

|aala*+|aezla,+-~~+|agn|a* = 53. (5)

Then a point z = (21, 22, . . ., 2,) that belongs to the corresponding boundary of the
£th inequality in (2) and which becomes a corner point(or a mid-point of a horizontal
or vertical line) of S can be found[3] as:

Conjecture 1 If o, and S are obtained by (3) and (4), respectively, and Cth in-
equality in (2) becomes tight in the sense of (5), then a point z = (z1,2,...,2,)
belonging to the boundary of the £th inequality of (2) and which becomes a corner

point(or a mid-point of a horizontal or vertical line) of S is given by

y_;?+a,, if ag; >0
zZi=19 y; — o if a; <0
Y5 oryi +an ory; —a. if ag =0,
forj=1,2,...,n.

A new point y! in P can be obtained by considering a direction eminating from
the point z and passing through the point y° as

Y=y’ +(y°—2z)=2z+2(y° —2).

To expand the region S(to get hold of a larger region R that contains S), we
repeat the procedure given in section 2.1 by starting at y* to find al. Upon executing
once, it can be observed that one of the two possible cases occur:

(I) o <2,
(II) o} =2a,.

If (I) occurs, we terminate the expansion process. If (II) results, then the region S
can be expanded into a larger region R. In the whole, above process can be continued
as long as (II) satisfied. In the i(z > 1)th step, the range of R then becomes

R= H[y; - ai,y;- + (Yi]
j=1

-3 -



4 Koonchan Kim
3 A Technique for Finding a Maximal Region

The expanding process given in the previous section does not find a ‘maximal’ region;
the process simply terminates when the criterion (I) is satisfied even if there is a
room for further expansion. In this section we provide a technique that can extend
in a specified direction as far as possible to obtain a so-called maximal region T
that contains S. The underlying idea behind this approach is to follow the same
approach used in the previous section, but we extend the region S as large as possible
by employing very similar to the ‘bisection method’ for solving a nonlinear equation
in the field of numerical analysis.

The essence of the new procedure is as follows. After obtaining the starting region
S with given «, the new procedure seeks larger and larger region by consecutively
incrementing x as K = k + d, where d is defined as a step length. If no further
extension is possible at a certain stage, then we reduce d in half (d «— d/2). At this
point, if a further expansion is possible, then let d < d/2 and set x = x + d. If not,
then let d «— d/2 and set kK = k — d. This repetitive process is terminated when d
falls below the specificed tolerance e. At the end, one would get a maximal region
T larger than the region R obtained by [3].

3.1 The Maximal Expansion Algorithm

The maximal expansion algorithm(MEA) is formulated below.

Algorithm MEA

Given a polytope P(Ax < b), an interior point y°, a tolerance e,
a first step «, and a step length d
STEP 0: Form Aa <b—-Ay°=b
Compute a,, S, and z
STEP 1: T« S
yN =z +k(y° —2)
Form Aa < b - Ay" =b
Compute o
STEP 2: while o > «,
a, —al
K—kK+d
y¥ =2+ k(y® —2)
Form Aa <b-Ay" =b
Compute oY
end
d—d/2
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K—Kk—d
STEP 3: whiled > ¢
YN =z +k(y° - 2)
Form Aa <b- Ay =b
Compute o
ifa¥ > o,
d«—d/2
K—K+d
a, —a¥
else
d«d/2
K—kKk—d
end
end
end

The convergence to a maximal region when MEA is implemented is formulated
as a proposition below. The proof can be easily established since its approach is
similar to that of bisection method for solving nonlinear equation (expansion or
contraction at each step is always based on half of the previous step length).

Conjecture 2 The algorithm MEA finds a mazimal region along the specified di-

rection z + k(y° — z).

3.2 An Illustration

To illustrate the above algorithm, we consider the same example given in {3]:

Example 1: —2z;+z, < 2
T+ < 3

4.’121 - 52’}2 S 20
-z < 2

with the same starting point y° = (2,0). The expansion technique introduced in (3]
gives the result(the starting region S and the expanded region R have been marked)
shown in Figure 1.
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Figure 1. Region R

T2

Y ' 2

Specifically
S =[1.5,2.5) x [-0.5,0.5]
and
R =[0.5,2.5] x [-1.5,0.5).
Now, using the algorithm MEA introduced in this paper, we obtain
T = [0,2.5] x [-2,0.5].

The maximal region is depicted in Figure 2. The coordinate for the last yV is
(1.25, —0.75).
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Figure 2. Region T

]

......

Table 1 below shows, in more detail, the calculated y"s at each iteration for the
starting point (0, 1) in addition to (2,0). We set e = 0.01 for the sake of illustration

although the algorithm terminates prematurely.

Table 1. Iterative Results

yN

N

OO0 IO U =W = OIX

(2,0)
(1.50, -0.50)
(1.00, -1.00)
(1.25, -0.75)
(1.13, -0.88)
(1.19, -0.81)
(1.22, -0.78)
(1.23, -0.77)
(1.24, -0.76)
(1.24, -0.76)

y
(0, 1)
(0.33, 0.67)
(0.67, 0.33)
(1.00, 0.00)
(0.83, 0.17)
(0.92, 0.08)
(0.88, 0.13)
(0.85, 0.15)
(0.84, 0.16)
(0.84, 0.16)

-7 -
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8 Koonchan Kim
Notice that with the starting point (0, 1), the maximal region is given as

T = [~0.16,1.84] x [—0.84,1.16].

4 Application on the Tolerance Approach

We reconsider the tolerance approach proposed by Wendell[5]. The perturbed prob-
lem(on objective function only) of (1) becomes

n
minimize Y (c; + ajc;.):zzj
j=1

n
st. Y ayzi=b, i=1,...,m (6)
Jj=1
Ty,...,Zn 2 0.

We denote B an optimal basis of (1) and IR the index set of the nonbasic variables.
Let y; = B~!a;, as usual. Then, B remains an optimal basis in (6) if

m

> (es + aBiCIB,-)yiJ' = (¢ + O‘jc_lj) <0 (7

i=1

for each j € IR, where cB‘,,c;,',,aBi denote the corresponding basic variable coef-
ficients in the vectors c,c , o, respectively. The system in (7) is called a-critical
region. Note that if ¢’ = 1(i.e., each c; = 1), then o becomes an additive parameter
and would represent additive variation in the coefficients. A maximum allowable
tolerance on the additive variation would then be

Cj—Zj
= |y |+ 1
j€ IR,

224 = minimum

where IRY ={j € IR: X2, |y; | +11|> 0}.

i=1
As an illustration, consider the same problem given in [1]:

minimize -2, 4+ 5 — 13

st. Ti4+294+z23 < 6
- + 22?2 < 4
Ty, T2,T3 2 0.

For this problem, the optimal simplex tableau is given by
-8 -
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Z|Z1 %y Z3 z4 x5 | RHS
z(1] 0 -3 -1 -2 O0f -12
z/0l 1 1 1 1 0 6
zs (0} 0 3 1 1 1 10

The minimum is attained at x* = (6,0,0,0,10). The index set for the basic
variable IB = {1,5} and for the nonbasic variable IR = {2, 3, 4}.
From (7), the a-critical region becomes

a; =g + 305 S 3
ag —Q3 + Qs S 1 (8)
o —o4 + a5 < 2,

If we consider ¢° = (-2,1, -1, 0, 0) the original objective function coefficients as an
initial interior point, then based on the additive variation a region S that contains
c® and in which the basis B is still an optimal is given by

S =[-7/3,-5/3] x [2/3,4/3] x [-4/3,—2/3] x [-1/3,1/3] x [-1/3,1/3].

Furthermore, using the expansion technique given in [3], the expanded region R
becomes

R =[-3,-5/3] x [0,4/3] x [-4/3,0] x [-1,1/3] x [-1,1/3].

Now, the algorithm MEA with € = 0.0001, a first step « = 2, and a step length
d = 1 gives a maximal region T as

T = [-10/3,-5/3] x [~1/3,4/3] x [-4/3,1/3] x [-4/3,1/3] x [—4/3,1/3)].

Note that SC RC T.

The source program(m-file) written in MATLAB adapted to this example of
sensitivity analysis is given in Appendix section. The coefficient matrix for the final
simplex tableau is denoted by AF and a-critical region given in (8) is designated by
A. The variable y0 corresponds to the initial starting point c°.

5 Concluding Remarks

The usual tolerence approach finds a region S in which the objective function co-
efficients or the right-hand side terms can be changed on a “one-time” basis. The
expansion method(3] expands the region a number of times starting from the re-
sult(starting region) obtained by the tolerence approach to give a larger region R.
The maximum expansion technique introduce in this paper seeks such a region as

-9 .



10 Koonchan Kim

large as possible in the sense of ‘maximal’ region T in a given direction. This maxi-
mal strategy is particularly advantageous if the initial vectors c® or b° are closer to
the boundary of the critical region(polytope) and one wants to secure the region as
large as possible.

Appendix: M-File for MEA

AF=[1111003111];
A=[1-1003;10-101;100-11];
y0 = [-2; 1; -1; 0; O];
z = [0; 0; 0; 0; 0];
IB = [1 5J;
IN = [2 3 4];
kappa = 2;
n = length(y0);
d=1;
eps = 1.0e-4;
bbar = yO(IN)’ - yO(IB)'+AF(:,IN);
gamma = bbar./sum(abs(A’));
[alpstar, tight] = min(gamma);
for j = 1:n

if A(tight,j) >=0

z(j) = y0(j)+alpstar;
end
if A(tight,j) <0
2(j) = y0(j)-alpstar;

end
end
yN = z + kappax(y0 - z);
bbar = yN(IN)’ - yN(IB)’*AF(:,IN);
gamma = bbar./sum(abs(A’));
[alpstarN, tightN] = min(gamma);
while tightN == tight

tight = tightN;

alpstar = alpstarN;

kappa = kappa + d;

YN = z + kappax(y0 - z);

bbar = yN(IN)’ - yN(IB)’+AF(:,IN);

gamma = bbar./sum(abs(A’));

[alpstarN, tightN] = min(gamma);

- 10 -
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end
d=d/2
kappa = kappa - d;
while d > eps
YN =z + kappax(y0 - z);
bbar = yN(IN)’ - yN(IB)'*AF(:,IN);
gamma = bbar./sum(abs(A"));
[alpstarN, tightN] = min(gamma);
if alpstarN > alpstar & tightN == tight
d=4d/2;
kappa = kappa + d;
alpstar = alpstarN;
else
d=d/2;
kappa = kappa - d;
end
end
fprintf(‘T = ’);
for i =1:n-1
fprintf(‘[%4.2f, %4.2f] X ’, yN(i) - alpstar, yN(i) + alpstar);
end
fprintf(‘[%4.2f, %4.2f]’, yN(n) - alpstar, yN(n) + alpstar);
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A Note on Roman Domination in Steinhaus Graphs

Daekeun Lim

Abstract

Roman dominating function on a graph G = (V, FE) is a function f : V —
{0, 1,2} satisfying the condition that every vertex u for which f(u) = 0 is ad-
jacent to at least one vertex v for which f(v) = 2. The weight of a Roman
dominating function is the value f(V) = ¥, ¢y f(v). The minimum weight
of a Roman dominating function on a graph G is called the Roman domina-
tion number of G. In this paper, we study properties of this variant of the
domination numbers for all nontrivial Steinhaus graphs.

1. Introduction

A set S C V(G) of a graph G is a dominating set if every vertex not in S is
adjacent to a vertex in S. The domination number of G, denoted by ¥(G), is the
minimum cardinality of a dominating set. A dominating set of G of cardinality y(G)
is called a y-set. We denote that for each vertex v in G, open neighborhood, N(v), the
set of vertices adjacent to v. The concept of domination in graphs, with variations, is
now well studied in graph theory. A Roman dominating function(RFD) on a graph
G = (V,E) is a function f: V — {0,1,2} satisfying the condition that every vertex
u for which f(u) = 0 is adjacent to at least one vertex v for which f(v) = 2. The
weight of a Roman dominating function is the value f(V) = ¥ ,cv f(v). The minimum
weight of a Roman dominating function on a graph G is called the Roman domination
number of G denoted by vr(G).

Proposition 1. 1 A dominating set S is a minimal dominating set if and only if for
each vertex u € S, one of the following two conditions holds:

1991 AMS Subject Classification: 05C05.
Key words and phrases: Steinhaus graph; domination number; Roman domination; generating
string
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(a) u is an isolate of S.

(b) there exits a vertez v € V — S for which N(v) NS = {u}.

Proposition 1. 2 Every connected graph G of order n > 2 has a dominating set S
whose complement V — S is also a dominating set.

Proposition 1. 3 If G is a graph with no isolated vertices, then the complement
V — S of every minimal dominating set S is a dominating set.

A Steinhaus graph G is a labeled graph G of order n whose adjacency matrix
A(G) = (a:;) satisfy the Steinhaus property : a;; = ai_1j-1 + @i-1,; (mod 2) for
each 1 < i < 7 < n. It is easy to see that a Steinhaus graph G is completely
determined by the first row of the adjacency matrix A(G). The triangle (a;;)2<i<j<n
in A(G) is called the Steinhaus triangle of G and the first row (a,;) for j =1,2,---,n
in the adjacency matrix A(G) is called the generating string of G. So, G is generated
by the first row (which is the generating string) in the Steinhaus triangle. It is obvious
that there are exactly 2*~! Steinhaus graphs of order n. The vertices of a Steinhaus
graph are usually labelled by their corresponding row numbers. In Figure 1, the
Steinhaus graph generated by 00110110 is pictured. For given a Steinhaus graph G
with generating string T' = @ 1a;12 - - - @10, the partner of G, P(G), is the Steinhaus
graph with the generating string a, ,an_1n - -a1,. Note that G is isomorphic to its
partner P(G). A Steinhaus graph G is doubly symmeiric if G and its partner P(G)
are same (for example, see figure 1).

Steinhaus asked if there were Steinhaus triangles containing the same number of
zeros and ones and Harborth [3] answered this affirmatively by showing that for each
n,n = 0,1 (mod 4), there are at least four strings of length n — 1 that generate such
triangles.

In this paper, |z] is the floor of z and [z] is the ceiling of z.

2. Small Roman domination numbers in Steinhaus graphs

In this section, we will give a characterization of Steinhaus graphs with small
Roman domination numbers. For this purpose, we introduce some notation and a
few propositions from [1].

For a graph G = (V, E), let f: V — {0,1,2}, and let (V;, V4, V) be the ordered
partition of V' induced by f, where V; = {v € V|f(v) =4} for i = 0,1,2. Note that
there exists a 1 — 1 correspondence between the functions [ : V — {0,1,2} and the
ordered partitions (Vp, V4, V2) of V. Thus we can write f = (Vp, W, Va).

- 14 -
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Therefore, a RDF on graph G can bedefined as a function f = (Vg, W, V3) satisfy-
ing the condition that V, > V4, where > means that the set V3 dominates the set V;,
i.e. Vo C N[V3]. The weight of a RDF f is f(V) = Sy f(v) = 2|Va| + |V4|. We say
that a function f = (V4, Vi, V2) is a yg—function if it is an RDF and f(V) = yr(G).

Proposition 2. 1 For any graphs G, v(G) < vr(G) < 24(G).

Proposition 2. 2 Let f = (Vp, W1, V) be any yr—function for G. Then
(1) G[Vi] has mazimum degree 1.

(2) No edge of G joins V; and V,.

(3) Va is a y—set of G[Vo U Va.

Proposition 2. 3 If G is a connected graph of order n, then vr(G) = v(G) + k if
and only if there is a vertez v € V of degree n — ¥(G).

Proposition 2. 4 If G is a connected graph of order n, then vr(G) = ¥(G) + k +f
and only if:

(1) G does not have a vertex v € V of degree n — y(G).

(2) either G has a vertez of degree n —v(G) — 1 or G has two vertices v and w such
that [IN[v]U Nfw] =n — v(G) + 2.

An obvious upper bound on the domination number is the number of vertices in the
graph. Since at least one vertex is needed to dominate a graph, we have 1 < y(G) <n
for every graph of order n. A graph obtains v(G) = 1 if and only if A(G) =n -1,
and it achieves the upper bound if and only if the graph is G = K,,, G is the set of
isolated vertices. Note that each isolated vertex must be in every dominating set. We
want to show that the number of Steinhaus graphs with v(G) = 1 is exactly n.

Theorem 2. 5 The number of Steinhaus graphs with ¥v(G) =1 is n.

Proof. For each 1 <i < n, we want to construct a general generating string such
that the degree of vertex i isn — 1. Now, we want to construct an adjacency matrix
(ay;) which gives the vertex i of degree n—1. Let k be the vertex which is not adjacent

to i. Define
0. = 0 ifj=1,k;
%1 aj; otherwise.

This matrix generated by the string a;; gives the vertex i of degree n — 1.

Let ¢ < j be vertices whose degree is n — 1. Then the string a; ;- -+ a;n is 00---0.
Thus the string a;; -+ - ajn is also 00 - - - 0. So, deg(j) < n—j—1 < n—1. This gives
a contradiction. O

Note that yg(G) > 2 if n > 3. From Theorem 2.5, we get to the following
Theorem.
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Theorem 2. 6 The number of Steinhaus graphs with yr(G) =2 isn if n > 3.

Proof. Let f = (Vo,V1, V) be any yg—function for G. Since Yg(G) = 2, either
[Vi| = 2,|Va| = 0 or |[V4]| = 0,|V5| = 1. Suppose that |V;| = 2,|V2| = 0. Then |V;| =0,
so G = K,. Therefore, it is impossible. Suppose that |V;| = 0,|V2| = 1. So, V, is a
y—set. Therefore, v(G) = 1. By Theorem 2.5, The number of Steinhaus graphs with
Yr(G)=2isnifn>3.0

Theorem 2. 7 Let G be a Steinhaus graph with n > 3. Then yg(G) = 3 if and only
if G either G is K3 or A(G) =n — 2.

Proof. Let f = (W, V1, Va) be any yg—function for G. Since yg(G) = 3, either
[Vil = 3,|Val = 0 or |Vi| = 1, V4| = 1. Suppose that |Va| = 3, V4| = 0. Then Vo] =0,
so G = K. Suppose that |Vj| = 1,|Va| = 1. So, V, is a y—set of the induced subgraph
G[Vo U V). Say, V; = {v}. Note that since |Vy| = n — 2, the degree of v is at least
n — 2. Since any vertex in V} is not adjacent to v, A(G) = n — 2. Conversely, it is
enough to assume that A(G) = n—2. Say the degree of v is n — 2. Denote that Vj is
the set of all vertices which are adjacent to v, V, is the vertex which is not adjacent
tov and Vo = {v}. Then f = (Vy,V1,V2) is an RDF and f(V) = vg(G) =3. O

3. Roman Steinhaus graphs

From Theorem 2.1 we know that for any graph G, vz(G) < 2v(G). We will say
that a graph G is a Roman graph if yg(G) = 2v(G). In this section, we seek to find
some Roman Steinhaus graphs.

Proposition 3. 1 y(P,) = [%]. Therefore, P, is a Roman graph if n = 3k, 3k + 2.

Proposition 3. 2 Forn > 3, A(G) =n—1 if and only if v(G) = 1 and vr(G) = 2.
Therefore, all any graph G of order n having a vertex of degree n — 1 is a Roman
graph.

Note that all graphs in Propositions 3. 1 and 3. 2 are Steinhaus graphs. Before
we seek to find another Roman Steinhaus graphs, we need the following notation and
Proposition. For arbitrary graphs G and H, we define the Cartesian product of G
and H to be the graph GOH with the vertices {(u,v)|u € G,v € H}. Two vertices
(u1,v1) and (uz,v,) are adjacent if and only if one of the following is true: u; = u;
and v, is adjacent to v, in H or v, = v, and u; is adjacent to uy in G. If G = P,, and
H = P, then the Cartesian product GOH is called m x n grid graph and is denoted
by Gm a-
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Proposition 3. 3 For the 2 x n grid graph G, ,, Yr(Gen) =n + 1.

The Steinhaus graph with 2n vertices generated by the string 01100--- are 2 x n
grid graph G, where n > 2. Also, the induced subgraph deleted by vertex 1 of
Steinhaus graph with 2n + 1 vertices generated by the string 00100 - - are 2 x n grid
graph G, and is denoted by G,,. Among those Steinhaus graphs, we find Roman
graphs. Note that v(C,) = [%£].

Theorem 3. 4 For the 2 x n grid graph Go,, G2, is @ Roman graph if and only if
n s odd.

Proof. Suppose that the 2 xn grid graph G, is a Roman graph. Since Yr(Gan) =
n+1,n+1 is even. So, n is odd. Conversely, assume that n is odd. Then since
Y(Gan) is [2E], n+ 1 =2 x [21]. So, G, is a Roman graph. O

Theorem 3. 5 G;’n is a Roman graph if and only if n is odd.

Proof. Note that Gy, — {1} is Gan. O
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¢, HR AxdolA EFEdet Fio] §587] wge] Fate] i 27 dolgE 43 n@sie
Zol 42 ¢th 53] EHR Al&gel] AMS-E= @9lolA o]d @4do] v Asjich £ =&oAx EHR
A LgAA ALE-EE AL EE SI G9E 71822 3t NE & EHR A2 Alolel 3/ + A
EE 3 o9 BY dnFe A AHE dnES olgsto 7 ¥ HYE Al
EE GnFE At Gl ¥glo] o]FoAnz RE T2 AojolA ALE 7HEEiTh

Abstract., Because there is no standardization and integration to Electronic Health Record
(EHR) system, it is difficult that exchange the medical treatment data about a patient between
hospitals. Specially, these phenomena become more serious in case of units those are used for the
EHR system. In this paper, We designed and made algorithms of conversion of the units in the
EHR system to the SI units, which enables to share examination information between EHR
systems. Each conversion processes of units in the EHR system have been verified using the SI
conversion algorithms. And these algorithms of the unit conversion can be also implemented to
all kinds of programming languages.

1.4 2

g r AL WAL F7] E(electronic
medical record, EMR)E BF3¢ 242 3}
2 gled, 1 AL Hee uil HIdqe A
2} 7 7] Z(electronic health record, EHR)©|2}
£ olgoz F8Hx Y@ gzgu A
2¥o]X EMR Al&¥e] EHR A|l&%og 1
g W47t s MAA Bzke] AR
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oJulo] wig BE37F Wask 53] oVF
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Aoz Aesict a2y oaz71# ni
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2 HFolz TRt gostn Sl dets
AHESES pAsRemY AFd B YE
AN EE AF @HE 71, 7k BE R
54 uslz TR golsn WY AT @
Az FAaYc

2, EHR A|AH(Electronic Health Record
System)
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29 AR #e, FEAZHAL(PACS), EMR
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3. oyIBolM ALBSHE Telol 25

o)57] 9] BHR AlZdlol A A5t e
o F2 A of B ol ¥
F glon ¥ AeA: ojnrlvel 214}
Anold AgEE 9elEe wNdshs 3
B2 ste] AL An wloliel M Mg
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&5k w4

FEH AR W 3

5 47 800 WAE K¥de e A
ARAM EFasrv A ARE A3
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A olF, &9, HAF Ay} A‘ul"l oy,
Fax|e] #Ha oF] FHAF AR o]Folz

olg of 2709 AL FE3)

# 12 SQL(structured query language)ell
A st doleE HMsk= SELECT %%
of HHe T4 @ AMAE o] gste] FET
whele] FHelvl F&% dlolEjelA SI %4
ol wolARE uR AFE ULk o=
dlolg o] 2ol A A% deo|EE HME= ¥
A Sl SEate] Azt ofu] f-riE -
A uz skl AHgaks AL o 4 gtk

I 19 oy GHES diitite] Hirele W
Fggro Apel FHu}l o] e Ao

Bt sk gk zF AA A9 7AAF Au) 27

Ab i o] sy} wo] 9l eko} o))
o] AA} ARAM AlLEH= vgE5e Foldl

sl welE Fassl ARl AgelE Agahs A4 g 1A
FE WEL B A7 doHz A8d 3 o] ol AR e U9ER AnSol
&1 SQL ¥H& Abgste] &% w99 i
UNIT UNIT UNIT UNIT UNIT UNIT
2% U/mL mEaq/day mmol/L sec umol/L
#100%/ul. U/ml mIU/mL mm? ulU/mL #1000 ul.
/ml ce mOsm/kg ng/dL ug/L > 10%ul
GPL unit L mU/mL. ng/mL ug/dL. @
HPF fl mg/L ng/mL/hr ug/day
INR g/dL mg/dL ng/ml ug/dl
1IU/L g/day mg/day nmol/L ug/mL
[U/mL. g/dl mg/dl g ug/min
Index gm/dL min pg/mL ug/ml
S/N index mm/hr pg/ml ul
U/L mEq/L mmHg pint umolL/L

*SQL " #: SELECT distinct unit FROM LABINFO

+*HPF: High Power Field
#[NR: Internatinal Normalized Ratio
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EHR A Zz%lo] AM&-¥i= whglo] £5i9 FAFEZI9AR U3
® 2. 985 7|ellA AREHE B8 999 SI wheRe] wiA,

Conventional Units m SI Units Conventional Units m = SI Units
% 0.01 mol/mol cubic microns 1 {L.
/ L 106 /L days 1 d
g/mg creatinine 669 mol/mol creatinine | ea =
g N/dL 0.714 mol N/L fl 1 fl.
g NH3/dL 0.5872 mol NH3/L fmol/mg protein 1 nmol/kg protein
g/24h 2.76 nmol/d g2/24h 3.8 mmol/d
g/d 4.42 mol/d 2/5h 6.66 mmol/Sh
g/dL 10 g/l g/day 1 g/d
g/g feces 15 nmol/g feces g/dL 10 g/L
g/mg crealinine 1.1362 nnol/mmol creatinine || g/dlL 0.155 mmol/L
e/l 304 nmol/L. hrs 1 h
g/mg creatinine 738 el g N UL
g/mL 26 mol/L 1 1 L
g/mL 0.0125 mmol/L MBq 27 Ci

J/mL 6.945 pmol/L mEq/24h 1 mmol/d
E‘fgt;}{j units per L 1 U/L at 37T mEa/h 1 mmol/h
ﬁ; i;:_ iﬁg7;¥€k 16.67 U/LL at 37C(nkat/L) | mg/g creatinine 0617 mmol/mol reatinine
beats/min 1 beats/min mg/24h 276 mol/d
BOX - mg/d I mg/d
cap - mg/dlL 172.95 mol/L.
ce 1 mL mg/g crealinine BT mol/mol reatinine
centipoise 1 centipoise mg/kg/24h 8.84 mol/kgd
cm 0.01 m mg/L. 458 mol/L
copies/ml 1 copies/mL mg/mL 1 o/l
pg/mL 0.0059 nmol/L mlU/mlL 1 IU/L
reticulocytes/ L 10° /L ml 1 mL
Somogyi units/h 0.185 U/h ml/Day 1 ml/d
U/day 1 U/d ml/dl 0.1 mg/ml
U/dL 10 U/ ml/min 1 ml/min
U/L 0.017 Kat/L mL/min/1.73 m® 0.0096 ml/sec.m’
U/mL 1 kU/L mmHg 0.133 Pa
g/day 1 g/d mmvhr 1 mm/h
g/dl 0.1 mg/L mmol/D 1 mmol/d
g/l 1 /L mmol/1 1 mmol/L
IU/ml 1 [U/mL mU/mL 1 IU/L
mol/1 1 mol/L nEq/L 1 nmol/L.
units 1 U ng/dL 10 ng/L
units/mL at 25C 0.0167 U/L at 25T ng/mL 1 g/l
units/mL at 30T 0.482 U/L at 30T ng/mL/h 1 g/Lh
vrs 1 v nmol/min/mL 1 U/L
pg/cell 0.06206 fmol/cell
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ONAME MACHNAME METHOD MOLECULE

Number of sperm Sperm count MappingTable

Al(Aluminium) MolecularMethod All
Cu(Copper) MolecularMethod Cu,l
Ammonia MolecularMethod N,1LH3
PLT Platelet Count MappingTable

PO2 Oxygen partial pressure PO2  MappingTable

PSA PrefixMethod

PT(%) Hematocrit Mapping Table

PTH-Intact Parathyroid hormone (PTH) MappingTable

Phospholipid PrefixMethod

Phosphorus(s) PrefixMethod

Poly-Diff Hematocrit MappingTable

Pro-BNP PrefixMethod

Prolactin Prolactin Mapping Table

Protein C
Protein S
Protein, total

Protein C
Protein S
Protein(24hr's urine)

Mapping Table
MappingTable
Mapping Table

- 24 -



EHR Al&%lo] AL&¥ 3= vhele) Efol FAZEGSIAZ Wy

&g w8 £ Ao,

249 9908 Fol UHZRE ESEahe
woze BB A Do) o3 5 sBe
GE SO wBs: ¥y ANE 7Y
& gk mebd A8sHnA sk vele g
gD w9 g Alolole A @9 WA
HY=R 2 A% ARS Alole] BAE 4
@)l o8] Axtslo) WA AP AAE AV
F 9tk ol o &) wel Wko] o]Foix)A
Aok 71l o 9} & BRSTA B ©
9l gt Mgd 999 gola g & ST v
oMol kg viehdth ;b dREE B
97} SI 9912 WBsE ¥E Asjolcy

g fi=ag=aq * fu M
f

=g & 22 2
Q(l q.v fd

_ J, _ factor(unit,)
f= }:— factor(unitd) @

3. EUYe H

=A% 2AEL o BetEe] &
€ FAsEH AHSEH. o] B9 ddH 2
FU dAFol EAFH BAZ Aok w
A EAFE) ML E- ARl £
Foll met Axrt 2. oy g EdFT
#AE d9le ¥MEL2 moldt gAlole] A
o8 4 @9 4 G2 HE AAE BEY
T 3tk Zt o8 7] o] oy wde] A 4§
te AL EAF9 WU oA, ojFe &9
B d32EE H st ¥E AAE 73
2 B2 Hge UG AR} AN A
A W& AAE A "

1
NonSI factor = A = £ 2L (g) 6)

V. dat o g

2 d7elA 7EE Sl 49 g FHeR 8
= O B dueEFe gz BE I
2 AAE Egdhe AL ot} Aal ¥l
A AHS8tR e EHR Al2deolA dadel
AL AR EHolES 3 HHE Al9stn SQL
& o83l W] who} 7] EHR A9
AL AR HeolEE FASIT ARRE e A
A 5D DdES FEE F 359 Ui A
Al Bl I g W dnEe 7H3}
Ak 283 gEAHe] FHol FR AMESE
XML(extensible markup language) H¢& 9l&
7183 T3 ez FEslo] zhzhe] v
HE AGE Alstn i o5 7|HelA AR
%9l XSL(extensible stylesheet language) 2~E}
HAEE o]8sto R 1A AHRES E
ek 23 137 1Y 2& XSL 2EUANEE
AR Z}7he] &9 Wig ol ik Ajolrt

a9 1+ Y HolEg o83 dg W
Wiel AFE oA RE A o5 7w
A #RAQ d9E 21 UE HAF A9
XMLsbE, SI d99l2 wsd HAL Aue
XML 314, 999 37 52 A o5 7]
oA ALgstE BE G99 HAAL AR
XMLsHEE &<l dag &8 FE3lo
Aol RojE Aojrt

Oy 2v gEid EFYE ol&% e W
wiel AR s HAllA ERIstiA} she &
Ao F& o83l Sl Y9 Wstn ©o|g v}
Al Ao F PolE TU9R HEEE RoFErL

2 dFE Agste Aol 2 HA &4

- 25 -



[ YLC12 j AST(GOT)

j 270 |

| ¥ YLC13 | ALT(GPT)

100

YLCO8 | A/Gratio

3762

YLCO9 | Total ] Bmmbm;
[ YLC12 | AST(GOT)
Y‘LCIB TALTEGET) 017

0459 [uRaiL

o s

[H 1342 2052 [B6
10136 [oeds [BS |
0,068 { 07310001 | B6 |

Cu(Copper) - l

11.64505 ’umol.fL [ 1101559 | 2203118 | B§
AI(AIunm’uum) (01223058 [ umol. 0 | 02005074 B6
Ammonia 1585383 | umolL 14.67947 \ 465743 | B6

=

1400

5

[ YLCO9 |

[ Al(Almmniom) | 33 T g [541 [B6
[ YLC12 [ Ammonia 270 [ ug/L { [800 [B6
R B | g | | ;
o¥ 2. B3 WEkg o] 83 e wME wyle Ax
Yol HAAL A E FE8k= HAoNA AEA] G A AHREE 49E d8 SHE
o] 5. 7] 3ol A ’\}%E}'; @917 SI ©9jel A CF g AL o mhE keS|l ARERl7L

A e A9Eo] AMEE B9t 47
4 %Z—llﬁlMﬂ. SI f&ﬂol Aoz 5] o
EA o] B850 ALGEAY BHaH
% AAS ke ol AHgEE A9l

AR Aol A7t EAEE HAE 7

AAE AR ElolEol 7158k E o] glo] AR

z}e] 7)) w7 EA v 28 Ao ola)] T IR

A% A2 e B9l 44 5 A
Aol ST Rl AelsA e w

PRl A9 o5 RSl Y FU AL

- D



EHR AlZgle] Apg-¥]4

He 992 Ru adz Fon dagatel
BE A FA BAEClM AL S B4t
EAY31A| ot T2 AolA dlExtz g}

o Aejsigltt. £dad Rolv HAsA R@
-k°ﬂ AR EE A5 A FASAY 2R

Tk @7t EAse AARIHRE BTk

A7t EASA FE B Fob ZlAEA:

V.2 B

¥ wRdAMe AU s 71ue A4 oF
licﬂm AHEE R e 4E 94 8 AL
AroA @9l AREE FEEA] HA A
Bel Ff % 282 HAd S @9AE A
o2 s o9 W Z2aPg TS
TF&olx NET 7lite] dojolM AHgrhsd
odzez 7 sI5g FHIAeH °lE A
Za7) 9% SI AE =2a9E skt
SI W@ zZ2ale A Are I+ =
4ol oy AHEL hy & + AEF
sion 1 A% 2 gxelFel s Hd3
B9l dgo] o]FojY g AT £ AU

#Aitel 3

2 A7 X473 A7 AAdRTIN-
01-01) 9oz FYPHUS

o

10.

11.

- 27 -

el o] B-fel FAEFGEQAL W 9

n)J!

12
TS?_{

. 3B ARES| HAYrzHH S (AEAL

A&, 2003), Chap. 10.

Institute of Medicine, #AxFoFz: AfE#
o ZZE dgelzgygnsts] A, (U3,
A&, 2006), pp. 353-367.

23} R, http//www.munhwa.com/news/
view.html?no=2006060201031024306002
(accessed May. 2007)

D. Halliday, R. Resnick, Fundamentals of
Physics, Tth ed. (Wiley, 2005), Chap. 1.
7} & 7134, Y& #6315%, (199).
Agol] B3 Y&, W& A6193%, (2000).

. E. Y. Choi, Y. S. Chang, H. J. Chin, E.

J. Chung, N. S. Byeun, D. H. Yoo, S. N.
Bae, K. S. Ha, The Korean Society Of
Medical Informatics, 12(1), 45, (2005).

. J. B. Herry, Qinical Diagrosis and Maragenent

by Laboratory Methods, 19th ed, (W. B.
Saunders, 1996).

. E. Braunwald, D. Kasper, A. Fauch, S.

Hauser, D. Longo and J. Jarreson, Harmson’s
Principles of Internal Medicine, 16 ed,
(MIP, 2006).

The Medical Algorithms Project. http'//www.
medal.org (accessed February. 2007).
Gordon. S, Novak. Jr, [EEE Transactions
on Software Engineering, 21(8), 661, (19%5).



J. Inst. Nat. Sci. Vol. 27. No. 1, pp. 29~38 (2008)
Keimyung University

A
o

he

S| (FAZFRUSAIEH DAl g}

dm

Heof - weley
AQehstn <A shatost 5)ea)

Synthesis and Characterization of
Poly(oxyfluorenoxymethylphenylsilane)

Eun Ae Jung and Young Tae Park’
Department of Chemistry, Keimyung University, Daegu, 704-701, Korea

2 2} Bichloromethylphenylsilane( 1 )2 diethylamine®} %+8-AlA % 719 chlorine 2H&7]&
diethylamine #8712 25 X&8A]7) 224 bis(diethylamino)methylphenylsilane(ll) &7 4 3§
%p— sHAd 3l ol ’%”“5' 33t 2s ¢ AE do 2,7-dihydroxy-9H-fluorene-9-oned £-§ 2%
& AY3te] AMzE Yo {7 F42 DR polyloxyfluorenoxymethylphenylsilane)( )& §
At o _Tr_-.-x} EHEL THF ®£+& CHCh 9 Azl f7)8vule] a5 #aze
& & Atk 'H-NMR, "C-NMR, ¥ ®Si-NMR 2HEZ & etz st vag pa
F ANLeH, UV-VIS §4 2HEHdME 258 nmolM Hd 5 oS aasigon, HgH F
A2HERAAME FAHA AF AEel A% F4 327 depdozy Qduxt s iz 2o
< 2 7 AUk Y niAe BE e 29EH S HE9F 270 nmol A 260 nme]
“17P veben, s *3"5%"“*1 420 nmollA Hd] W¥E ozt eyt 3§
E B4 d7] sl 500 ¢7A] 7tdE W X g RA9 93%7F EAFGeEA do gt

o ox £ 2 )y net v ox r'I

Abstract, Bis(diethylamino)methylphenylsilane(I) was synthesized by the substitution reaction
of bichloromethylphenylsilane( 1) with diethylamine. A new silicon-containing polymeric material
of poly(oxyfluorenoxymethylphenylsilane)(II) was prepared by the melt copolymerization of
bis(diethylamino)methylphenylsilane(Il) with 2,7-dihydroxy-9H-fluorene-9-one. The obtained polymer
is soluble in usual organic solvents such as THF and CHCls, and the average molecular weight
is turned out to be M, of 12388 with polydispersity My/M, of 1.04. The prepared material was
fully characterized by 'H-NMR, "“C-NMR, and *Si-NMR along with IR spectroscopies. The
electronic properties of the fluorescent polymer spectra show that excitation band is observed at
270 nm and emission band at 420 nm in THF. About 93% of the initial polymer weight remained
at 500 € in nitrogen atmosphere.
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2 A eof - ved)

# Qet!

1824 291919] Berzelius7t H2& F
1A HAE e‘ 1319128 HClzhe) ut
Fate] Hze] A SFHEQD T4 S YA
SiCly& ?J"“B}%i.n- 18657d 5Ue] Wohlere
Tast A8 412 ¥ 7kdsdA HCPIAE
SHAAA trichlorosilaned Astdsd £
Edol = HSiICLE Azxsh=d ol¢} vl&d &
AE AHgst Juk'? 18607 Zg29) Friedel
3} v)3}9) Craftsi= tetrachlorosilane®l] diethylamine
< WEAIA A A Hz {7l x §
FEA (CHy),Si e A sk

19453 v]3e] Rochow: 4 a4t
F7] S2ASFES Cu ol slollA 3 A
Hpg-o 2 methylchlorosnlane" oz A

A3
&

mlo of!

g 4 e AHFAH S wAsgen, 74
BHE B3l F A& 7|B2A0] 49
MAi2 o]Fojz ZglABA A9 siliconed
TE A HAH

1978'del] Yajimaoll & A2]& sulol=
(SiIO)AMEt9le] Yaz AMEEE polysilaneS
FAets FAGoA yHge] FAEA WA
£ 718 A F(polycarbosilane) 2.2 # e
29 Yajima Process7} ®uS|AA Z2]7lu
AR {719tL 2EAER B A3}
718 9 HAL sh}e) o 59, 1987
d Ayt CheniE3 v]=e] Weber1§2
T4 e slshEel] i Sole MY F
g RS sl on xF7z A %‘-i}
kg9 gl Fa} ojge &g HI B
A7 Ay ;. QQu?

200840l MEH Weste] =EojHE Za

GlgselezAEMme oe Fhel WA
g 27) e Fu) sold BEa W
& Ase) YAy Felusae GHsAD

o Faskt FPAE oleld §71d

st e] diFAde] THss|I oz e
Fadart 23 8L /79 M2 57
aEat B digh d7e AaARAL &
o] 27 #tslo) 7ka Y& AAoTEFOM
29471 ¥3E {71t DER SEEQ
polysiloxane(¥'d silicone)& WA, W3HA,
kg, A, AZIARI HAAd 4 ey
Bg4 F 5% FHoz s AgHer
Po] &85z ek

Hzole A 7HA {715t SEEe ut
$& Bl Y frlta: nRAEFE
AZAR, AAYZA, Mty 987, ved A
A g, g AX], 2 HH& 2F F A
Aol A Hofo] A g m glupza0

2 dFdAME MEE 771 ta SEER
bis(diethylamino)methylphenylsilane( I1)& A
3}, 27-dihydroxy—9H—ﬂuorene-9-one-»}«] £
BEETY &S 78ste] methylphenylsilane
< Edshe *HEL 71 42 nEA poly
(oxyfluorenloxymethylphenylsilane)(I)& $H4
3z} g}

st 24zte] sl§tEol ‘3}]3}"4 thekt
TR FREANE 3 TRE Y3
ARstaz g

nm 4 3

1. EbEQl AL

2 AYoA A8 Al AldrichAte] &
H Al AAst AMEEen, o2& 7))
Sujell A AAEEE 99.999% ©)d nEEe)
< s dzes SN FH ARSI
, &ul= Bakere) 57 AIES AME-sch
FUEAEE Aldrich* k] dichloromethylpheny-
Isilane( 1)& 43t AASHA] ¥n a2
AHE-E e, diethylamine® KOHE 32
Wi 8F Al Fol| FHEA AHEsYoh &

ROX e oo
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Fe(SAEFLALA LY AN FA T 3

24 hexaneZ ot2& th7] 3loA sodium
3} benzophenoned A2 F Wi FF A £
o Ff3td AH8-8k )

2 A¥AA AMEE 7I7lE oS3 2y
UV-Vis 28 E3L HP-8453EE A}&-3l9x,
IR 29 EYL Bruker IFS 48 #33=AE A}
23l A en 'H-NMRE Bruker AVANCE
400 BFAEAE3IHY L Sul2es CDCly =
THF-ds& AHg-89lth. "C-NMR 2#HEZe
Bruker AVANCE 400 #%4 %= Varian
UnityINOVA 600 #3A1& AM8-3te] S44
B Tt nAdeo)q 423, ®Si-NMR 29
E#& Varian UnityINOVA 500 ¥ Varian
UnityINOVA 600 #341& AMg-3te] SJ4
B e LANEA A AFEY 29
E@L& Mass Hewlett Packard 5971A MSD&
AHg-ste] don, 70eVolx A FAY
€ ol&3 AUtk FAFE FA3] Y3l AR
g A R a2oEa#9)(GPC)= Waters
1525 SHE, Waters Styragel HR 3 ##, 12
I 40 CollAe) 2HE HE7I2 P8I
Breeze £2ZEg|o] Al281E Ag-3th. GPC
4l THFE AH83t2n flow rate2 0.3
mL/min°]32 FEFEFL polystyrene (M, =
474, 2950, 9650, 18600)= Al&-3lct €& 4
B 29Ed 9 PPtE: 2H9EYLS Spex
Fluorolog 3-11 ¥JRJE=AE AHE3td 3
ok dFA #4& Shimadzu TGA-60%
o]g3sle] Aol 500 T7HA 10 T/min¥ &

g gFAA AL o7) selA A
th(A4 flow rate: 20 cm%/min).

2. Bis(diethylamino)methylphenylsilane
1000mL 47 Fehxzio] W) e) Hshzq)
718 AAsI, AMANE B ol2Z 7]A)
7] stellA B AZAA &7] uif-9 &71

g AAZ A7) o2& J|AE AL e
UM hexane(150mL)¥}  diethylamine 334
g(046mol)& Wt 2Eln M Zurldle
dichloromethylphenylsilane 19.1 g(0.10 mol)& %
3L ice bathollA 58 ol £ AA3] 3
AL o] EFES 3T FQb wukslEA wt
SAI713, 7t A aste] ukg Febol ¥AE A
HES AAstm HA defo] e 228
ot o]ZAg v FHR3t SuE AAT Fol
OHA] Z2RSH 8l 54 oA Adeje] &43
A&  bis(diethylamino)methylphenylsilane( I )
144g(58, 55%)& AR bp: B T/1.1
mmHg, 'H-NMR(400 MHz, CDCly): & 0.39(s,
3H), 1.06(t, J=7Hz, 12H), 2.96(q, J=7Hz, 8H),
740 ~766(m, 5H); “C-NMR(100 MHz, CDCly):
é -2.20, 150, 392, 1274, 1286, 1345, 1396;
®Si-NMR(®MHz, CDCl: & -3074 5 R
(KBr disk): v 3067, 2963, 2863( v c-w), 1342,
1253, 1203(vg-¢), 1173, 1107, 1067( vy c-n),
928(vgn), 787, 72cm’’; MS: m/z (relative
intensity) 264(M°, 3), 249(M"~ -CH; 2),
235(2), 219(2), 192(M" -NEt, 4), 178(2), 164(3),
150(6), 131(2), 120(M"~ -2(NEtp), 3), 105(6),
95(3), 72(8), 58(16), 44(Si-CH,’", 100), 28(77).

3. Poly(oxyfluorenoxymethylphenylsilane)
(el gy

SOmL FuteEeAaze] W& dX|st
I EE AzANA £7] iR §718 EF
AAZLE orjo) ol2F 7|AE FelFUA
bis(diethylamino)methylphenylsilane 39.67 mg
(150 mmol) 3} 2, 7-dihydroxy-9H-flucrene-9-one
321 mg(150 mmol)-& Weth W EfE|
E0] Jde Eg2ae 2EE 130TE 71
Fej7]E ol&3te] ZFESAAM 12A17% FS
HEE-A|7) a2, ThA] 200 TR 3A1ZF wESAIZD F,
HFHoZ 260 CToAlM 20A12F &< HEA2
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o}, wbgol By ¥ ol ANEE £
THFZ %<l ¥ A% methanol@ HAAA

BoA 100CE 3Y B d=AA A"
aFel  #£43% AAME  polyloxyfluorenoxy-
methylphenylsilane)(1I) Bmg(F5&, 72%) &
Ach 'H-NMR400 MHz, THF-d»): & 0.10
(s, 3H), 7.10~7.38(m, 11H; “C-NMR
(150MHz, CP-MAS): & 013, 12321, 133.73,
15308 ; PSi-NMR(119MHz, CP-MAS): é
-3357 ; IR : v 3062, 2965, 1712, 1587, 1432,
1259, 1124, 1015(vsio), 769, 724, 692;
UV-Vis(THF): A, nm(e): 258 (43%10
M'em™") ; 5% Ael(excitation) 2HEH}
& gul (emission) ~HMEH aen AA o
7] selMel TGA 45% B4 Aze 2%
2 ago] A&dsch

Scheme 1
CH;

ClI—Si—Cl + 4HNEt,

Hexane .
_— EtzN'—Sl—"NEtz + 2HCI NEtzt

m. Az % 2¥

Dichloromethyiphenylsilane( 1) diethylarmine=}
Hke-A)A 5 719 chlorine 2H871E diethylamine
Bgr)z BE AN@ADoER FEE 5%
bis(diethylamino)methylphenylsilane( ) f7\t
& e A sAckScheme 1).

dy9 sie 09 'H-NMR 2¥EYE
Figure 10] UEliQch @@ sigte 09
IH-NMR ~HEZS AHu®, CHel 49
A7 025 ppmol X GUALE, CHLCH;¢l CHj
Zx937 09B3ppmold AFHe2 CH®
a9 37} 282 ppmel A AEAM LR BEHA
omnl mg3 CH;e F2a¥AE 725~751 A
ool tEMoz AU 7 vlA9 B
A Hge 3 12 & 53 uERen d3EH=
813 mst YAsAt

CH,

C6H5 C6H5
1 [ (55%)
JJ * F

...,-4..-v..-........-...-r-.-.yv.wa..-w...‘..\ ......

Figure 1 'H NMR Spectrum of compound II.
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BU(SAFF LA A LA Aeiehel G4} HA 5

e sE 0o “C-NMR A#HEge
Figure 2°] velbliict A€ 3l5tE M9
“C-NMR 2#E#L, CHoll 218 wavlar)
-2.25 ppmell 4|, CH,CH;¢] CHyoll 1% %ha )
A7F 1493ppmeol A CHyoll 23 ghaw| =iy}
3B&ppmell A ztzt FAHAJD #Hd7)o 9
g J)z1E 120~140 Atololl Al vhebytet,

£ SE 09 PSi-NMR 2HE3 oA
e A ¥3art -3074ppmelld  #ERE A
(Figure 3).

e 09 YoM F5 2HEYL Figure
4o VeliUct 2HER S AHEW, WS
C-He} 4% 5ol & F4wr}t 3067’

|

oA vehte AL #EY £ dded, Ay
% C-Hel A% z25& 2963 cem oA 22z o}
Bhdg & 4 Ak ¢ C-Neo] 41537159
g% Fart 1057cn oA Yehle RS
= 7 Atk 223 o] YoM AT ¥
29 78 2 54 Si-N AE5Fel 9%
F797 9B en'olN el AeE R
& 7 ANt

Figure 50l veld 2% £4 ~HEAAN
T A EY o]l2(M)el #Fdte mz gkel
264004 vEtten, M'-CHel sigsle &
9 o] 22 249, M'-NEwol sidste E9 o]
&2 192 282 M -(NEt)oll i2ste E

[s Y v T ¥
oo™ 180 140 120 100

T ) T
ao (-3 “0

Figure 2 “C NMR Spectrum of compound II.
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Figure 3. ®Si-NMR spectrum of compound II.
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Figure 4. IR spectrum of compound II.
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Figure 5. MS spectrum of compound II.

o] & 120014 4z} #AF ALt

5 719] diethylamine #8718 Ad {74t
2 3}3HE bis(diethylamino)methylphenylsilane
(& 27-dihydroxy-9H-fluorene—9-one  AH&-3}
o 88 ITFNEE HPstd ANZE Feo

phenylsilane)(ID-& 72%2] =582 A3
o|&¢] 3L Scheme 20 VERNAT
e FH3HE me IH-NMR AHEHLZ
Figure 6] Jehliich A 35HE M)
'H-NMR 2#E# A#HRY CHe 49

71 A 2EA poly(oxyfluorenoxymethyl- A7} 0.10ppmellA &1d 4 AL, phenyl

Scheme 2

CH 1
3
Et N—Sl—NEt + HO OH  \e copotymerization |
2 ’ o Ti—°°
CgHs n
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71} fluorene?] 4337} 7.10-~7.38 ppmell MAS NMRE #3929 Figure 7o) uEel
A AdFAeE Z+zh BAEHAUG. uidch 838 Mo BC-NMR A%EZE 4
48 F3E mMe 1A AedA CP- HEH, CHzoll 97 &h49 =271 0.13 ppmoll A,

H,0

N\

mF\ | . /THF

)

—— A ~
s 5 H 2 « - . . M v a -
Figure 6. '"H-NMR spectrum of compound II.
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Figure 7. ®C CP-MAS NMR spectrum of compound II.
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Figure 8. ©¥Si CP-MAS NMR spectrum of compound II.
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3 xg 2 of] . uleg gl

CeHyoll 213 erA 3] =27} 120.21 ~ 150ppm Alel
oA broadstAl vtEFsECL

49 33 Mo PSi-NMR =¥ E]d]
Me Jtae F 9arst -3357ppmell Al BEE
v} (Figure 8).

o)l ERHE me) MM EF AHER

& Figure 99 vebich sigHE Mo <
A Fr 24ERS AHEY, BgE C-HY
A% ;‘]%°ﬂ o% FuEs 3062cm oA o
A AAE 5 ANen, ALE C-H
o A% \_o°“ o)g Fulzb 2965 cn ol Al
Zhzh bS89 @ 4 Aok aejn o] A
oA A7 BN PE & EAY
Si-0 A%E5o] & FuE 1015 oA
el QleS &2 & 5 AAgrh

aglx 9% nEA B Mo EA%E

1:1....

dolr ] st A B3 AZvlEIY
(GPC) &4< 3ttt Polystyreneg ETE
A2 3to] THF(HPLCSE, Aldrich)ol 3o &
A Az Mwe 123882 I8z M,
1.O4Z yeRsiT)

A% AFgE M UV-Vis 2HEYHS
THF &vll o] 258nme] oA E&3A
F(e)7t 43x1M4M'em™ Hg F5FuES
BoFa Qv (Figure 10).

A A £4 MY 735 JALEle] &
=abe)(excitation) 2HEHLS HEIF0] 420
nmell A 260 nme] Ao} Furt sk &
#H, 349 &(emission) 2HMEYHL % %
o] 270nm¥ @ 420 nmellA Hoj YEw|7} 3
2= A k(Figure 11).
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Figure 9. IR spectrum of compound II.
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Figure 10. UV-Vis spectrum of compound II.
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Figure 11. Excitation and emission spectra of compound II.
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Figure 12. TGA thermogram of polymer I in nitrogen.

olr7] 95kl A di7|et M FFF &
e gk AT nE B2 Mo ¥4F%
A EE Figure 129 vehiict 2&Ex &
2 Mo TGA 5% FAEE AHEd, &
S HAR2AAMREH AFste 10 TY F7HAF
of we} 200C7A FAle] ®3 glo] U3
Hew o] & 500CT7HA A& FA w©x
7% st (Figure 12).

v.3a &g
Dichloromethylphenylsilane( 1 )& diethylamine

4} QEEAIA F 7R9] chlorine 2H871E diethylamine
AE712 BE A@AFHeZN {75t 35

& bis(diethylamino)methylphenylsilane(IT )£
FAstger. AAE SEHES IHANE &o
2,7-dihydroxy-9H-fluorene-9-one3} -8-§-3%%ht
4L AyY3to ANz el f7] A LR
A1 poly(oxyfluorenoxymethylphenylsilane) (1)
< At

dojzl Rz 48 THF =+ CHCh 59
A3l f7]&ulo] g3fEIeH, ExFE F
A% Ax M, = 1238 ¥ M/M,© 1ME Z+
z+ vehgel. 'H-NMR, “C-NMR, #Si-NMR
2HEPNE FAstnA ke Fag 47
25 2 £ odden, A F4+ 2HE
oA 543 Ar-CH, -CH, Si-O 59
AEF AFe g% F4 27t YeldoezZH
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Abstract. Two spider species of the genus Cladothela (Gnaphosidae), Cladothela parva Kamura,
1991 and Cladothela unciinsignita (Bosenberg and Strand, 1906), are reported with illustrations as

new records to the Korean spider fauna.

Introduction

The genus Cladothela was erected by
Kishida designating C boninensis as the
type in 1928 (Kamura, 1991; Paik, 1992).
Since that time, three remarkable generic
characters, which are a large spine on
retrolateral side of male palpal femur, trochanter
of legs without ventral notch and cheliceral
retromargin without tooth, have been added
by Kamura (1991).

The members of this genus are only nine
species and have been reported from China,
Japan and Korea (Palearctic
(Platnick, 2008), and two species, C.
oculinotata (Bdsenberg & Strand, 1906) and
C. tortiembola Paik, 1992, were recorded
from Korea (Paik, 1992). In this paper, the
author described two species of Cladothels,

region)

C. parva Kamura, 191 and C unciinsignita
(Bosenberg and Strand, 1906), from Isl
Ulleung, Gyeongsangbuk-do as new records
to the korean spider fauna. The materials
examined are deposited in the collection of
Department of Biology, Keimyung University.

Description

Family Gnaphosidae Pocock, 1898

Genus Cladothela Kishida, 1928

Cladothela parva Kamura, 1991 (Figs. 1-4)

Cladothela parva Kamura, 1991, p. 57, figs.
37-43; Zhang, Song and Zhu, 2002, p. 17,
figs. 1-5; Zhang, Yin and Bao, 2004, p. 83,
figs. 9-16; Song, Zhu and Zhang, 2004, p.
42, figs. 21A-F.

Material examined 18, 1%, Taeha-dong
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(Ulleung-gun), 12 Nov. 2005 (C. W. Lee).
Description. Male: Carapace oval and
reddish brown; black reticulated striae
radiate from a short line-shaped median
furrow; the index 77. Cephalic width index
52. Clypeus height the same to diameter
of anterior median eyes. In dorsal view
anterior eye row recurved slightly and
posterior eye row procurved slightly. Eye
row index 87. Eye area index 53. Eye
ratio, anterior lateral eye = posterior
median eye > anterior median eye >
posterior lateral eye (5 : 4.5 : 4). Anterior
median eyes separated by one third of
their diameter, nearly contiguous from the
laterals. Posterior median eyes contiguous
each other and separated by 0.4 times of
their diameter from the laterals. Anterior
and posterior lateral eyes separated by
04 times of diameter of anterior lateral
eyes. Median ocular quadrangle, height >
posterior side > anterior side (12 :@ 11 :
9.5). Chelicerae with two small promarginal
teeth. Sternum and labium reddish brown;
the index 76 and 80, respectively. Legs
yellowish brown; ventrodistal parts of
metatarsi III and IV with black long
hairs instead of preening comb. Leg
formula 4123, Leg formular index 100 :
91 : 81 : 119. Leg I/c 241. Fem. I/c 0.71.
Tib I/c 052. Met I/c 0.39. Met. I/tar. I
1.04. Met. IV/tar. IV 1.62. Fem. I I/d 2.75.
Tib. T 1/d 3.20. Pat. I+tib. I/c 094. Leg
spination pattern: femora: I and II dl-1,
p0-0-1; III d1-1-0, pO-1-1, r0-1-1; IV
d1-1-0, r0-0-1; tibiae: II d1-0, pl-1-1,

rl-1-1, v2(1)-2-2; IV d2-2, pl-1, rl-1,
v2-2-2; metatarsi: I v2(1)-1, 1T v2-2; III
di-0, pl-1-1, r1-1-1, v2-0; IV d1-0-1,
pl-2-2, r1-2-2, vl-1. Abdomen dark
brown with two pairs of elongate sigilla;
the index 66. Palpal organ with long
of bulb;
conductor large, sclerotized and twisted
(Figs. 1-2).

Female: Carapace index 76. Cephalic
width index 58. Clypeus height 0.6 times
of the diameter of anterior median eyes.

embolus on prolateral part

Eyve row index 89. Eye area index 49.

Eye ratio, posterior median eye = anterior
lateral eye > anterior median eye = posterior
lateral eye (6 : 5). Anterior median eyes
separated by 0.4 times of their diameter,
nearly contiguous from the laterals.
Posterior median eyes contiguous each
other and separated by one fourth of
their diameter from the laterals. Anterior
and posterior lateral eyes separated by
one third of diameter of anterior lateral
eyes. Median ocular quadrangle, height >
posterior side > anterior side (14 : 12 :
11). Posterior median eyes oval. Chelicerae
with three small promarginal teeth and
without retromarginal tooth. Sternum and
labium index 76 and 83, respectively.
Legs; black long hairs ventrodistally on
metatarsi III and IV. Leg formula 4123.
Leg formular index 100 : 89 : 80 : 119
Leg I/c 241. Fem. I/c 0.72. Tib I/c 0.50.
Met I/c 0.40. Met. I/tar. 1 1.16. Met.
IV/tar. IV 1.67. Fem. I 1/d 2.89. Tib. I I/d

1.70. Pat. I+tib. I/c 093. Leg spination
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Figs. 1-8. Cladothela parva Kamura, 1991(1-4) and Cladothela unciinsignita (Bosenberg and Strand, 1906)
(5-8) : 1. left palp of male, ventral view; 2. ditto, retrolateral view; 3. epigynum, ventral view; 4

ditto, dorsal view; 5. left palp of male, ventral view; 6. ditto, retrolateral view; 7. epigynum,
ventral view; 8. ditto, dorsal view.
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pattern same as the male except the
following: tibiae: III p2-1-1; IV dl1-1-0,
p2-1-1, r2-1-1; metatarsi II v2-1; II
pl-2-1, rl1-2-1; IV d0, wv2-2-1
Abdominal index 59. Palp without a large
hook on femur. Anterior epigynal ducts
wide (Figs. 3-4).

Measurements (mm). Male/female: Body
length 4.66/6.51; carapace length 2.17/2.52,
width 1.68/1.93; cephalic width 0.88/1.12;
sternum length 1.30/1.47, width 0.98/1.12;
labium length 0.35/0.42, width 0.28/0.35;
anterior eye row 0.41/0.49; posterior eye
row 0.47/0.55; abdomen length 2.45/3.92,
width 1.61/2.31.

Leg I 522/6.07 (1.54/1.82, 0.91/1.09,
1.12/1.26, 0.84/1.02, 0.81/0.88), 1I 4.77/5.40
(1.40/1.61, 0.84/0.98, 0.95/1.09, 0.84/0.95,
0.74/0.77), 1I 4.25/4.84 (1.19/1.40, 0.67/0.74,
0.77/1.84, 0.88/1.05, 0.74/0.81), IV 6.20/7.22
(1.68/193, 091/1.09, 1.23/1.40, 1.47/1.75,
0.91/1.05). Palp 2.10/2.36 (0.84/0.81, 0.35/0.46,
0.14/0.35, 0.77/0.74).

Distribution. China, Japan, Korea.

Cladothela unciinsignita (Bbsenberg and
Strand, 1906) (Figs. 5-8)

Drassodes unci-insignitus Bbsenberg and
Strand, 1906, p. 120, pl. 16, fig. 500 ; D.
uncinsignitus Yaginuma, 1986, p. 190, fig.
1055.

Prosthesima x-notata Bosenberg and
Strand, 1906, p. 122, pl. 16, fig. 489.

Zelotes x-notatus : Yaginuma, 1986, p.
192, fig. 106.6.

Drassyllus x-notatus : Platnick, 1989, p. 471.

Cladothela unciinsignita . Kamura, 1991, p.
55, fig. 33-36.

Material examined. 18, 1%, Jeo-dong
(Ulleung-gun), 7 Aug. 2007 (B. K. Choi).

Description. Male: Carapace oval and
reddish brown with black strize radiating
from a short line median furrow; the index
74. Cephalic width index 60. Clypeus
height 1.2 times to diameter of anterior
median eyes. In dorsal view anterior eye
row straight and posterior eye row
procurved. Eye row index 93. Eye area
index 55. Eye ratio, posterior median eye
> anterior lateral eye > posterior lateral
eye = anterior median eye (14 : 13 : 12).
Anterior median eyes separated by about
0.4 times of their diameter, nearly contiguous
from the laterals. Posterior median eyes
nearly contiguous each other and separated
by 0.36 times of their diameter from the
laterals. Anterior and posterior lateral
eyes separated by about radius of anterior
lateral eyes. Median ocular quadrangle,
height > posterior side = anterior side
(34 : 29). Chelicerae with two minute
promarginal teeth. Sternum and labium
reddish brown; the index 77 and 80,
respectively. Legs brown; ventrodistal
parts of metatarsi III and IV with black
long hairs. Leg formula 4123. Leg
formular index 100 : 95 : 83 : 125, Leg
I/c 207. Fem. I/c 062. Tib I/c 043. Met
I/c 0.34. Met. I/tar. I 1.11. Met. IV/tar. IV
1.68. Fem. I I/d 2.71. Tib. I I/d 2.89. Pat.
I+tib. I/c 0.79. Leg spination pattern: all
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femora: dl-1; tibiae: III d(1)-0, pl-1-1,
10-1-0, v1-2-2; IV d1-1-0, pl-1-1-1,
rl-1-1, v2-2-2; metatarsi: III d0-1-0,
pl-1-1, rl1-1-1, v2-0; IV d0-2-0, pl-1-2,
rl-1-1, v2-2. Abdomen dark gray, the
index 60. Palpal organ with long, curved
embolus tapering apically; conductor twisted
and flatten distally (Figs. 5-6).

Female: Carapace index 82. Cephalic
width index 56. Clypeus height 0.7 times
of the diameter of anterior median eyes.
Eye row index 95. Eye areca index 53.
Eye ratio, anterior median eye >
posterior median eye = anterior lateral
eye > posterior lateral eye (15 : 14 : 12).
Anterior median eyes separated by 0.47
times of their diameter. Poslerior median
eyes close each other and separated by
0.36 times of their diameter from the
laterals. Anterior and posterior lateral
eyes separated by about 04 times of
diameter of anterior lateral eyes. Median
ocular quadrangle, height > anterior side
> posterior side (37 : 31 : 30). Chelicerae
with two small promarginal teeth. Sternum
and labium index 83 and 95, respectively.
Leg formula 4123. Leg formular index
100 : 93 : 81 : 119. Leg I/c 2.24. Fem. I/c
068. Tib I/c 048. Met I/c 0.36. Met.
I/tar. T 1.20. Met. IV/tar. IV 1.72. Fem. I
I/d 281. Tib. I I/d 291. Pat. I+tib. I/c
0.89. Leg spination pattern same as the
male except the following: tibiae: IV
rl-1-1-1; metatarsi IV d2-2-2, p0-1-1,
rl-1-0, v0-2-2-1. Abdominal index 63.
Epigynum with a pair of orifices, genitalia

with a pair of coiled spermathecae dorsally
(Figs. 7-8).

Measurements (mm). Male/female: Body
length 6.80/8.70; carapace length 3.05/3.30,
width 2.25/2.70; cephalic width 1.35/1.50;
sternum length 1.75/1.80, width 1.35/1.50;
labium length 0.52/0.53, width 0.42/0.51;
anterior eye row 0.69/0.75; posterior eye
row 0.74/0.79; abdomen length 3.50/4.80,
width 2.10/3.00.

Leg I 6.30/740 (1.90/2.25, 1.10/1.35,
1.30/1.60, 1.05/1.20, 0.95/1.00), II 5.98/6.85
(1.73/2.00, 1.05/1.25, 1.25/1.40, 1.00/1.15,
0.95/1.05), III 5.20/6.00 (1.45/1.70, 0.85/1.00,
0.95/1.10, 1.15/1.25, 0.80/0.95), IV 7.88/8.80
(2.10/2.40, 1.10/1.30, 1.60/1.70, 1.93/2.15,
1.15/1.25). Palp 2.40/2.85 (0.85/1.00, 0.45/0.60,
0.20/0.45, 0.90/0.80).

Distribution. Japan, Korea.
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Characterization of Fermented Herbal Medicine
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2 9o #oko waRYH 7vA EA9 AWEAE HESVIYSA 4% 5] /EEFFE B
Holl ALgEt. EAAME HESV] faiA oEFHAX T Lo R AT §Hofol Black sugare]l H7h
W oo H7t, £ propolisE H7Este] Algslgon, FAFoRE MRS Sacch. cerevisiae, Lb.
acidophilus, B. subtilis sub. subtilis®t Bacillus sp. 6-1& AMg38lgcl. HaE kol a-amylase,
glucoamylase, cellulase®} fibrinolytic enzyme® A4tol =z ko) protease A4HE vlWd o}
B o4 S48ttt B3 Sacch. cerevisiae®t Bacillus sp. 6-1%2 w3 $kekol] B, subtilis sub.
subtilis A FY-g HF8o &gl F(coculture)dt A wlF 7A Aol protease ¥4l 71 kel
Eugdd k9] Ethyl ether %88 AT Bacillus subtilis® E. colid] g A= YPo] 21
molF o2 ¥ JrEAE BAul

Abstract, The purpose of this study was to investigate the production of funtional materials
from fermented herbal medicine. The herbal medicine with black sugar and propolis was
fermented using 4 strains of Saccharomyces cerevisiae, Bacillus subtilis sub subtilis, Bacillus sp.
6-1 and Lactobacillus acidophilus for 5days. Protease production of the fermented herbal medicine
was higher than that of original herbal medicine. The fermented herbal medicine with
Saccharomyces cerevisiae and Bacillus sp. 6-1 was cocultured with Bacillus subtilis sub subtilis
for 7days. The protease activity of the cocultured herbal medicine was the highest in 7days. The
ethyl ether extracts of this cocultivation strongly inhibited the growth of Bacillus subtilis and E.
coli, which represented the clear zone size of above 21 mm from paper-disc agar diffusion method.

1.4 B A7z FYSUM HF dE 2vl
275E0] Fob: Atk wetd vl
£ BA 4% mRlseE W
Jgoll BE 13 7153 7)50) B 2%

A2 4PEEe PO FAY EF
BEH slse wEsA @w A9 33 715

A

il

A7 W@ #Ao] FolHow 1

Atzlzel A9, AgddA vIdske @
A8 37 HFe FAAE o WA, 3, 92 R 4 53 2e 484
4 T 2% % AP 5% 3ol szz o)lgsiAY, £, £ ¥ 23

Aol A Foll cfd Aol TuiE
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x 59 48N8S ol4¥ I 7%
4 AFol A EE AFHT UK, I).

HERZE UAAEE ALAT &
se AEgPoR AETY Aol SA

o gloml, AwHom ofe X HEA
dse F& ASAU F4E 59 o
Age Wit BEAAG. Aujsel
gl Had Bt AL Az
A Eagol JMEVI 43, 4EH7 o

U M EEE 84V E G
goz Hule A_]Ag%— ot Bl
BEZF2)7] o). EAdE o7 71x9

'a7F O o AEFEdE U
BN B E4Eo] E43iE] oy
7HA] AEsh S-S doFo N AEA
o Y&l 43}, FFEY] 4 HH
2 bﬂ%%}_ 91 H, xazgoz AN
Mz Azd7)sE

=3 gARAE AHT
Q-i’*i 11]‘—11011‘1 I =P S B o=
stAl Fch4).

Mg ot g0 EAsh= A
OS2 d4¥A et A8 59 e I
E32 alkaloid#, flavonoids, terpencid¥,
compound¥, quinonef ¥
volatile oil &9 2x WARFES|AY 1
FEAECITHE). ey o3 HAgT
39 Fgdanrt 98 FAAel 8|

phenolic

E37} Holux 7] wWEel olH7A
AgsEE AeE A e AR
Il AABRRE 7Y 849 A

2o BE ATE F2 oEN AAR
Al gERA wuE, 714, AP,

FAE, AFFEHE 55 o2 F2
o|Fo|x gich. gofAle ?%‘E'E.JJH‘ %
o) JelellA o] &H= A8 FeF 4009
22 ULy} o o2 dlo A
6)H71% Jow, HIde ol F YT
Aol e kAol B3 A7vE &3}
A FPE 2 Qei(7, 8, 9, 10, 11).

2 d7e AEseAe] 71ed EF A
’&—4 dgoz 3okl WFE Foled 43
T A 5 ke oz HF E A
BH%] 93k 953 754 B A
FedE AEIA Atk EFFET
ool B XZ8)o] 9  propolisE
A7rg F  FgaEHE Hlskglaen,
Saccharomyces cerevisiae, Bacillus sp.$}+
Lactobacillus ~ acdphilusE  W19AA  «a
-amylase, gluocamylase, cellulase®} protease Al
ALe AESHT). 8 Sacch cerevisias®t
Bacillus sp. 6-1°] ¥ ol Bacillus
subtilis sub. subtilis & WSAIA protease
AE HES AL

II. xig ¥ %Yy

1. ASHiX| ¥ #FF

2 A AL gepe dekAE E
%% % black sugar®l propolisE 7+zt
HA7rete] ARgEATh ek wEE Q8
2 A¥Ad B{FEFA  Saccharomyces
cerevisiae®} Lactobacillus acidophilus, 3
SN ®El3r Bacillus subtilis sub.
subtilis®} Bacillus sp. 6-1% Z}Z} YM uj
Z|(yeast extract 3 g, malt extract 3g,
dextrose 10 g, peptone 5 g/ ¢, pH 7.6),
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lactobacilli MRS i X|(proteose peptone No.3
10 g, beef extract 10 g, yeast extract 5
g, dextrose 20 g, polysorbate 80 1 g,
ammonium citrate 2 g, maganessium
sulfate 0.1 g, manganesse sulfate 0.05 g,
dipotassium phosphate 2 g, sodium
acetate 5 g/ ¢, pH 65), Nutrient 3|
(beef extract 3 g, peptone 5 g/ ¢, pH

68)ol Auvjge F ALg-3hAC.

A MAUS st Y A
2.1 Black sugar$} propolis7} 3718 g
B AP ALEE e olEF AE
|02 ZAT kS AMHE-3FYLH, black
sugar #7F 2 wA7L propolis H71e] gk}
110 meoll Aulg3t FAIF Sacch cerevisize,
Lb acidophilus, B subtilis sub. subtilis
9} Bacillus sp. 6-1& Z+Z+ 8x10" CFU/
m¢, 6x10° CFU/m, 6x10° CFU/m¢s}
7x10" CFU/MSI Al =A8td 1med HF
3} Sacch cerevisiaes 21°C, R subtilis
sub. subtilis?} Bacillus sp. 6-12 37T,
180rpmel| X 2e w5, Lh acidophilus
v 37ColA ZX wjgsiAct.

2.2 gofe] Efh%(Coculture)

B subtilis sub. subtilis A% 300
m¢ Nutrient ¥ix]ol) 100 xt HE3F ¥ 37 T,
180rpm .2 14A17HE<t wieksiict )
&& Sacch cerevisiae®t Bacillus sp. 6-1
2 Aulgg wEIefe| B subtilis sub.
subtilis A FA(6.0x10" CFU/ml)E 1%
A71sle 37T, 180 rpmol Al M3l o,
7Y%t sampling g &tk

3. ZSAM ZH

2t gL 3000rpmel Al 1087 L4
3l A59E 80% (NH,),SO,2 A
AlZ1 % 0.1 M potassium phosphate buffer

FEAet zgadoz ALEE)

4 Yi HE
4.1 a-Amylase A4t
a-Amylase ¥4 40 mM acetate
buffer(pH 5.0)o &3jA1Z] 1% soluble
starch 2 mME 40TCelA 58 «¥sty,
'49% 01 mE 33k, 40ColA 3087t
‘%'l-a—*]Zl vgd 01 mE F3lYg 0.00025
N 8= &9 10 mol H7ished Fant
& AAAFHCE o ®EHAE UV-Vis
spectrophotometer& AF8-8t 670 nmell A]
F3=E &A% % Wohlgemuth value
of 3 ofzle] Ao Fi9 FAHE
(unit) & AHE3ATH12).

12.75 X (T3omin —
30min

U(units/g) = Tomin)

4.2 Glucoamylase A&t
50 mM phosphate buffer(pH
7091 €3JA17] 1% solube starch solution
025 meol] 2FE2N 025 mE ¥ 37C
oA 5&7F ¥Hg-A1Z1 § DNS(Dinitrosalicylic
acid) #8(13)el 28] glucosed EFEZ
2 3o 550 moAlA FFEE FA, 9
A% stgon, FaUE 189

e

1 #mole
9| glucosedl B@ste #LdFE FEshe

2L 1 unit® kAT
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4.3 Cellulase A4}

z242Y 1 met FHFFE A 2%
CMC(Carboxymethy! cellulose sodium) 1
mE E3slY 40TColA 4087 A2
¥ 100CoNA 10%37F 7HEstd wkg& A
AANRAT. CMC 7HE32 AddE #d
22 DNS(Dinitrosalicylic acid) #3(13)
o wet 550 melA FF=E FA, B
A stgom, 4027 1 umoled] BYF
& AAste BAFE 1 wit®2 B

oo

4.4 Protease 84

Protease A4F2 Nomoto9} Leeol] 2]3F
casein®§(14)& WY sl Rt} =&
29 02 met 06% casein®] ¥ 50
mM phosphate buffer(pH 7.0) 1 mM& &
&3t ¥ 65CoA 3083 vHe-& A7 o
& 15% TCA €9 04 m& H7Me &
A2qA 1583 BX e ¥e& FX3
Act ¥ 12000 pme 2 587 Y
AR g9 A5 YL filter paper (g 70
mn, Whatman Co.)& AM&3le o33k o
S 439 05 ml, Nay,CO; 25 mee} folin
05 méE 7}sted 38TolA 30&3F HAA
Aok ¥4 & UV-Vis spectrophotometer
g AHE3l 660 mmollAd FFEE ZA3)
9t} Protease®l 1 unitE 1#7}F tyrosine
1 pgs WA= aago= sk

Tyrosine EFFAE A7) 9l 5
=2 84% tyrosine 05 mf, Na,CO; 25
mé2} folin 05 meE 718led 3BTNA 30%3t
ZFAAIZ] & UV-Vis spectrophotometer

LA - SEEr - Gk

g AHgalod 660 mold FREES 24al
1.

45 Fibrinolytic enzyme A4} ZHE

Fibrinolytic enzyme A4t Astrup$}
Mllertz(15)¢] fibrin plate assay2 ¥ ¥ 3}
o A3k Fibrin plateE HE7] 9
8] fibrinogen (Sigma Co.) 50 mg/mé%}
thrombin (Sigma Co.) 100 NIH U/m&
20 mM tris-HCl buffer (pH 80) ¢
ALE3IATE Gel AHIE TE7] Y8 20
mM Tris-NaCl (0.15 M) bufferel]l agar
0.75% (w/v)E& ¥ol 3718 (1217C,
15min) ¥ 50C~60T7F FRE=E 34
t}. Plated] thrombin 16 09} agar’} ¥
ghel 20 mM tris-NaCl buffer 10 méoll 20
mM tris-HCl buffer2 %91 fibrinogen 5
mE &E33E F plated] EF3lo A9
A 1087 WX % assay plates THE
th 2a4de Fujgdds ¢ J %
5 L A5 AMEITE 2EAY
20 pE paper disc (¢ 6 mm, Whatman
Co)oll #3819 fibrin plated] 3 37T
oA 18A1Zt WH-EAIA clear zone?] A4
TFE AT HelxE #F9) v|A
g dF7F Adste @d &3 849 &
4& vEEr] 9438t clear zoned 27
< "8kl

o

-

5. &t vy HE

Black sugar 7} 2 vzt @3
propolis 7} €< 110 meoll ethyl acetate
£ 128 #H7elY F&sln o o9L
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Wi gheke] 5

ethyl ether® F&% F NaSO2 FE&
AA8k filter paper® ©]3}8}31 evaporater
2 5533

gyt ZA9] 9l agar diffusion'd
& AHEET 5Ae 20 WA paper
disc( 4 6mm, Advantec Co.)oll 33}
Ax% 3 E col®t B subtilis?t ¥
By wjA] 9ol ¢lar 37T, 12A417F uvFst
of A E inhibitory zone2 4% % =7)
24 ddskqich

m. Zaot ¥ o3

1. Black sugar2} propolis7t &E7HEl
g5 shof
1.1 32 A HE

wgstefom e Axd 2FAN(01
02 EAaANE HES]H 8 "dzi a
-amylase, glucoamylase, cellulase 2

Fibrinolytic enzyme A4FS HESIT.

34

h

o ol

ko] #FE HFTEA &2 A HF:
FAS 'ln-ﬁl A3} zbol7t gl o (E
I v A ), ks WE Al @-amylase,

glucoamylase, cellulase®} fibrinolytic

enzymei= AAto] ¥A] b= Zlog FA
"} WA protease AE HES Ay
Table 1914 Hi= el o] u|FFAld
vl&] gkefoll Lactobacillus acidophilus, B
subtilis sub. subtilis?} Racillus sp. 6-1<
AE F igsis vl Hrka de] Hiel &
71]"10] Aol A f5eiick e

BN Sacch caevisiaeX] 735- T do] 1)

SotATA st v AA).

2. E&Hd2(Coculture)

2.1 A58l

Sacch cerevisiac®}y Bacillus sp. 6-1%
Zhzh vkt gkeks 242y B osubtilis sub.
subtilis®- FE(EFNDAA AvHd o2

Table 1. Protease production of the fermented herbal medicine

Incubation time(days)

Test samples T 3 =

control 0.112% 0.139 0.109

A B. subtilis sub. subtilis 0.124 0.229 0.110
Baciflus sp. 6-1 0.185 0.150 0.077

Lb. acidophilus 0.199 0.166 0.064

control 0.119 0.102 0.032

B B. subtilis sub. subtilis 0.104 0.232 0.219
Bacillus sp. 6-1 0.141 0.145 0.120

Lb. acidophilus 0.177 0.125 0.093

control 0.097 0.131 0.073

C B. subtilis sub. subtilis 0.200 0.144 0.169
Bacillus sp. 6-1 0.235 0.221 0.133

Lb. acidophilus 0.150 0.216 0.082

*; ABS

A; Black sugar free, B; Black sugar addition, C; Propolis addition

control; Non-inoculation
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&

"AB 5

Fig. 1. A microscopic examination of the fermented herbal medicine
A; Contain of Sacch. cerevisiae, By Inoculation of £ subtilis sub. subtilis

“; Incubation time(days)

BB 7

gRl1gk A3 Fig. 13} Fig. 2014 B+ v}
g Zo] HuAFE F47 Fvlske A
o e,

22 Edheel w2 Proease 4 HE

Protease €445-4< 918k Tyrosine &
48 Fig. 304 ®B3i= upe} zu)

R subtilis sub. subtilis EFHalkel] o] &t
Protease A4He- 7)EEF A3} Table 201
A K= bk} o) Sacch cerevisiaez A
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BB 3

Fig. 2. A microscopic examination of the fermented herbal medicine
B: Contain of Racillus sp. 6-1, BB Inoculation of A subtilis sub. subtilis
. Incubation time(days)

ABS(660 nm)

BB 5

16
14
1.2
1.0
08 y=0.0091X + 0.0209
06
04
0.2

0 20 40 60 80 100 120 140 160 180
Tyrosine concentration(pg/ml)

FFig. 3. Tyrosine standard curve
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Table 2. Protease activity of the cocultured herbal medicine

e Incubation time(days) . 0 1 3 5 7
Protease activity(U)
A 0630 0588 0638 0704 0726 0896
B 0.726 0.734 0.91 1.172 1.15 1.694

1 Non-inoculation of 5. subtilis sub. subtilis

A3 The herbal medicine containing
Bacillus sp. 6-1

kel skekucl Bacillus sp. 6-1F
ghofo] wjFdgmel] ule} ¢ &
42 B3 HH %

—110%1 o}z

sp. 6-15 ARHE-38le] black sugar
W3 7h @<kt propolis M7t #e

14 7V w9k

gEstefo] gaey

FAIFRl R subtilis sub. subtilis?y Racillus

Sacch. cerevisiae, Bi The herbal medicine containing

L AeFE vhe g FEEe] FtEAE Table 4
protease o 4] K<l ulel Zro] black sugar’} 7}
protease Hx] oo &leko]l ethyl acetate FEE

(0.213 g/ml) Bt} ethyl ether F%%-(0.065
g/ml)o] v =& &4+eAdS wet) Black

sugar®} propolis7} % 7}5:_ FHoko] ethyl
ether FEHE2 ethyl acetate &S KT}
27 2 s 7F o, drElAdo] w9k}, Black
Fe 2E sugar {7} 2 A7} g2k} propolis 3

A7l % ethyl acetate$} ethyl ether® & 7} 61-91:9] FHAAE ethyl acetate® 3=
ko] wH Az Table 314 B &% A3 ethyl ether FFF A& W)
Table 3. Concentration of condensed herbal medicine
: A B E C
Solvent -
Concentration(g/mé)
Ethyl acetate 0.213 0.004 0.116
Ethyl ether 0.065 0.009 0.46
A: Black sugar free, B: Black sugar addition, C: Propolis addition
Table 4. Antibacterial activity of the fermented herbal medicine
T . Sl A B @
olven
e Inhibitory zone(d mm)
B subtilis EA {-* 4 {
. SUDLIS EE + 4+ o Ly
£ coli EA } T+ R
1. Colr }‘:]‘: b+ + T = + 4+ 4

Al Black sugar free, BB; Black sugar addition, C; Propolis addition, EA; Ethyl acetate, EI:

#+5 5~10 mm, ++; 11 ~20 mm, + 4

Ethyl ether

+1 above 21 mm, —: Non-inhibition
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neHE W ethyl ether® %3 Aol
o o)
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Keimyung University

EZFZU XM E2|st 13*'\_ Leuconostoc mesenteroides 1B 12

#2s0f CHEt oip

A4
A distal A st st v 4 g 32

A Study on the Leuconostoc mesenteroides 1B12 Strain
Isolated from Chonggak-Kimchi

Oh-Sik Kwon
Department of Microbiology, Keimyung University, Daegu 704-701, Korea

2 2 FZAXd BaF $4d 1B129) 58 wES L ZA T Leuc mesenteroides subsp.
mesenteroides KCTC 35059} Leuc. mesenteroides subsp. mesenteroides KCTC 37229 9 X8t}
g BT 66t 2EHYH L Leuc mesenteroides subsp. mesenteroides KCTC 37222} FU3t
S #AY F AUk o3 AFge PLE NFES HE ALLE o]EFH, A ¥ BHFeME 2
2 A3E Bo Fu} BolHoz HZESJ olFo] & FAHES Leuc mesenteroides subsp.
mesenteroides KCTC = Be2)# 3 Leuc mesenteroides subsp. mesenteroides KCTC 37229} 6
ghdl galactose, ©13#<Q cellobiose, lactose 12|31 B¥ 32 amygdalin, esculin Sl ¥EF9 &
A olg HoFAol a8y #4383 7189 random amplified polymorphic DNA(RAPD) #41j
o2 FAA FFAM FAY AF o5& BF Leuc mesenteroides otEYNE 73t 9ndE
atol & BoFATE 53] P152 A¥ A3}, 7z} g2l 7t 2ol RAPD DNA wi=7h vepsdch o
A EFZPAeA BEEF FAEY IBI2 @ FE 3R EXMA Leuc mesenteroides subsp.
mesenteroides KCTC 37229} EdsAwt #AMA EAo]l v& Leuc mesenteroides subsp.
mesenteroidesZ 215 %1t}

Abstract, Pentose fermentation ability of the lactic acid bacteria 1B12 isolated from chonggak-
kimchi was identical to Leuc mesenteroides subsp. mesenteroides @ KCTC 3505 and Leuc
mesenteroides subsp. mesenteroides KCTC 3722 of type strains. Hexose fermentation pattern of
the isolate was exactly same as Leuc mesenteroides subsp. mesenteroides KCTC 3722
Fermentation results from disaccharide, trisaccharide and complex carbohydrates revealed very
much identical tendency. Unexpectedly, Leuc. mesenteroides subsp. mesenteroides KCTC 3505
showed quite different fermentation patterns with the isolate 1B12 and Leuc. mesenteroides subsp.
mesenteroides KCTC 3722 in galactose, cellobiose, lactose, amygdalin and esculin. However, from a
genetical method applied, all three strains of Leuc mesenteroides showed very typical RAPD-PCR
band patterns that implied significant discrepancy among them. Especially, the results of P152
revealed very typical RAPD DNA bands that originated from every Leuc. mesenteroides. Therefore,
it was confirmed that the isolate 1B12 was identical to Leuc. mesenteroides subsp. mesenteroides
KCTC 3722 in fermentation characteristics but different from it in genomic nature.
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I.M &

Leuconostoc 17 oA wi$- 788 =2
u}o] & #(probictics; 7, 8, 9.2 53] 5.4
9 EUOAME A AR, 3 4
Lactobacillus 2 Pediococcus®t 715283
 FAZE Qe FAELE FEEd glo] B
E4EE 87 RN, 16). Leuconostoc
a% FHTeR EE AP EFAl
flem(l, 13) =3 o] #& HARSE g
of o EZ3g E2AE 878 AMA o
T FAE, 7] 59 dge EE S EA
SAER Aok13, 14, 15). & <€A Ue
Leuconostoc®  Leuc. mensenteroides subsp.
mensenteroides, Leuc. mensenteroides subsp.
dextramicum, Leuc. lactis 2  Leuc
paramesenteroidess. 53] Leuc. mensenteroides
subsp. mensenteroidess= exopoly-saccharides
& AAE7] wiel] AeAlEe] oA Fa
& LAEAHNN2). Leuc lactise $-FrollA
$HFoR2 EASE leuconostocs FLE
AFE LAAZH13).

B AYoM o|8%" Leuc mensenteroides
TEL F3AA AAM vl T3 dd
AEFQ] A7 72 AA oA &3] BAHL
A, o] FEQ EA] Wi 2 F BEA
T, SU%t A% T 2 A% s, 95
Z1hE & Aok AF7HA F EHA faEe
846, 6, NS AUl FalTEe] JA e %
4% A8, 8% ZuzdHE #A 75, 499
57 g, 44Ed 1N FH, 1733 A
g, I 28, =394 2, FF 18 &
I, 9 BUlF A7 A8 55 A d%4H
o5 W3l ALK, 9, 10).

et B FAEAEL ol #84
& Azl A 18317 st A2 FAE

424

< £Esto T3t Qlek oo e ¥
AEoA o} AU AFoly HAF 2
g AEQA "X 4 2719 FUld Bol
A3, 4 23 Fue AR FLE
Al Leuconostoc #& FZ4AANA
ek =g Eeld 79 olE(subspecies)
AAE 98l WRTLR Laue mesenteroides
subsp. mesenteroides KCTC 35059} Leuc.
mesenteroides subsp. mesenteroides KCTC
3722 59t 7 LESS vlA 2ARIAY F
7'2 ®el§ Leuc. mesenteroides #2 3
A &A% #8187 98l o E25H intactF
chromosomal DNAE F&3ld A3
71991 RAPD-PCR¥ 22 v|u A sla] R}

=
=

H

K A

. 2 o Wy

A BF B AYdA ALLE FAAFE
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505} Leuc. mesentervides subsp.
mesenteroides KCTC 3722 =24 g-F3std
T-AKCTC, dA)elA EFesth #FF=
MRS(Difco) iAol Althulg F glycerol©]
20% X3t Ao Yo -80°C deep freezer
o] Basle] Ap8-5tct

Ba) @3 Leuconostoc & £238l7) 93t
o FZXE BFE FTHFE o188 d%
& F o] §94L 10m 33l 6% NaClg
10mE 9] 3% NaCl &2 el o
gl o] $9g 1072 FXsta] 2% FAHol
7k MRS H¥hulA|o] wigsilen, 44
g o F2Urt A=W Auuid ¥ 7
TFEE 4T WZao] n@psirt o 2324
& 0|83l AEE MRS agar A" wjx)o] =
F3lgen, dojx F2UE thA] MRS brothE
o]-g3le] 30T ufgrlolA 3¥932t Leuconostoc
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FAAXANA F2l§ F2AE Leuconostoc mesenteroides 1B12 3ol d]dF o 3

< g ds & 5HE s & A%
EAZAI WdA H2E, G 2HE AYE 3
[k R &L M Eo] ¥} A%
ol et A ALE ol83ld F&
SAAZ F -80T deep freezerol]l 1.3}
A8ttt Y FAEH 2 #FELS o
24 o2 MRS ®iX|(Difco)E ol&sted uwig
et ol59 M{EAS AASI sy
T A AKLE(180T)2 =4 WYy
(Sanyo MIR-153)°1] 12 hr, 24 hr, 36 hr, 48
hr ® 72 hr Wig ¥, 242t wigd& 20&3
4TAA ¥ AHE271(Union Model 55R)
2 ALYk Mgy F AHYY F4
o]2 FE+t pH meter(Mettler, Model 225)&
FA%t & K ANER o]E3ATt

Wgd Bl2E, Leuconostoc TFE2 WA
< ZAH) 98l MRS broth(Difco)ell
NaCl& #H7lsle #F 1%, 2%, 4%, 6% 2
8%9 FEE ARG F ulz 10 mlB FAILE
F 20 uE FF3AG HA g 2xolA 3
AzF W EF F 4CoAM 1587 94
# 2 (3,000 rpm)stz pH meter2 &3 9
pHE 33k

F Wi HAE o] #FE9 G 2 B4
& ZAE7] 3l glucose?t H7HE A e
MRS H|A(2)& 543 AFzste Ag-stKlc)
Glucose?t A7FEA] &= MRS brothell 10%
3 stock solutions H7tste] 7itAste] o
25 A0k 2] 10% 2 stock solution
o] A7te Wiz 5 mlol FAFEF 20 ulE A
% F 397 HA g 2o widEd
t}. o]F 4TelA 1587 3000 pmeg YA
w23 ¥ pH meterd AME-3te] 43 92| pH
£ FAsh o] 4Y Ag" 39 FHE

25 25%(Sigmarl AlF)ez vy gok
amygdalin(Amy), D-arabinose(AraD), L-arabinose
(Aral), cellobiose(Cel), esculin  (Esc),
fructose(Fru), galactose(Gal), gluconic acid
(Glo), glucose(Glu), lactose(Lac), maltose(Mal),
mannitol(Mant), mannose(Mann), melezitose
(Mele), melibiose(Meli), raffinose(Raf), rhamnose
(Rha), ribose(Rib), saccharin(Sac), salicin(Sal),
sorbitol(Sorb), sucrose(Suc), trehalose(Tre),
xylitol(Xylt), xylose(Xyl).

Leuconostoc Chromosomal DNA &, Leu-
conostoc #52] chromosomal DNAE &3}
7] 98to] &4 2ol 9§ DNA #a ¥y
Q1 Luchansky et al(14)2] Wi o] &34
th. &, MRS ujxoA 34 S 52
15 ml PP 94¥#-2]&(Coming)ell Wol 94&
2|3 F, g vz Ao cell pellet
€ TES buffer(50 mM NaCl, 30 mM Tris,
pH 80, 5 mM EDTA)Z 2 A3t} Al
A" Leuconostoc ¢ AXLE 937A7)7]
Siste] o]5-& 1 mle] FEhxelolal vizjol] HE
Azl F 10 ul®] FElx2be]A(10,000 unit/mg,
Sigma Chemical Co.)& A#lstd 37C water
batholl A uj)ston, 25 ule] eoliztdl
(400 mg/ml, Sigma Chemical Co.)& H7}3%
F oA 2412 w3k 500 ule] 025 M
EDTAE H71Ful. o)% 200 ul®] 25% SDS
£4L 718k % 65T heat blockol wl¥3l
20 ul®] Proteinase K(20 mg/mh)E& #H7}&ted
1582 Aol Wxsigct o] ME eyl
%9 phenol& H7tstd & 4& F 2500
mmoE 1587 94 s on, 4043l 4
e e 15 m YEe el ¥ FF
o] phenol:chloroform(1:1) &4o.& 23] g
ok YA F AR F4H YL 250 mM

ok l‘[}lNl

1o
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4 Aoy

9] NaCl 9oz grEn HF Hujeo 2ujd
3133l cold ethanol(100%, Merk)S %713l
~20°C W5 aLelA vkl A A ) o)& 29
FAF %, dojz2 DNA pelletd 3)AH 2Fd
%7](Biotron Model 3180)& Al&3to] 30%-3t
it

RAPD-PCR, ¥ A% A}8-% random primer
© AZ b g71449E 7 10-mer Zol9]
oligonucleotide(P100: GGGGCTGGCG, P101:
GCGGCTGGAG, P125: GCGGTTGAGG, P149:
AGCAGCGTGG, P152: CGCACCGCAC)Z H}
oluoj(h )l A F&E3t] AMg-etch PCR
482 10 mM Tris-HCl(pH 84), 50 mM
KCl, 30 mM MgCl, 0.001% gelatin, 2} 10
mM dATP, dGTP, dCTP, dTTP(Sigma
Chemical Co.), 200 pmol primer, 200 ng
Leuconostoc chromosomal DNA % 1.0 unit
7ag DNA polymerase(Applied Biosystems)
5 F Y971 20 ulE wHE3 automatic
thermocycler(AB GeneAmp 2700)& ©]-8-5}
PCR(polymerase chain reaction)& 2|83}
t}. PCR WHg2AL HUT/1%, 40T/15%, 7
2C/2%-00] wkg 3l 40 cycles2 3t
=g PCR ¥'$ ¥ 7ag DNA polymerase2]
HE TS F7) 98k 72TolA 7E3E

o o F sk

&4 A @953 € uv AR PCR #H&-9
AFE #R187] Ysbe] wgl 10 ulel 2 ul
9] gel loading buffer(blue juice)®t # 41&
5 20% TH A& Algsle] WG ES AA
3ttt DNA 94e 98l agarose gel 100
mldl] ethidium bromide(10 mg/ml) 5 ulg #
71kl A7) %2 power supply(EC model
105)& °]&-3l92H, 80 volts constant® 5~

6217t 28s T UV transilluminator(Vilber
Loumat TFX20M)& ©]8-3le] @}Z random
amplified polymorphic DNA(RAPD) band %
%% Polaroid film(type 667)2.2 #g3l3ch
UV Aol velt= RAPD DNA band®] =
718 #1187 $138le] DNA marker®2 Hadl
2 A Azlg 2X174 RFI DNAW.25 ug)&
AH8-8F3d et

. Z2a A 3

e Bl2E, [{AHER]  Leuconostoc #E
Aol Hmy 3 Agez &eia Qv
W Fo] E Ao B2 IBI2E ¥d
8= 3%9 Leuconostoc FF2 WIAHE %
ARBIREL  ©o]& st AA] wig wiA]d]
NaCl& 1%~8%¢] TEZ H7l8te] o9
& FEE v »oirh 1 A7 Fig. 1
oAx B RAAMY Leuconostocdt &L E5F71
19%6~6%2] NaCle] #H7tg ujAoA z A%

70

—— L subsp KCTC 3505
R i A ides subsp. KCYC 3722
65 —&— 1812

6.0

E 58

80}

ast —t

490

Concentration of NaCl (%)

Figure 1. Comparison of the of the three
Leuconostoc strains growing at different
NaCl concentrations (2%, 4%, 6%, and
8%). In this case, the increasing pH values
indicate growth inhibition occurred by NaCl.
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505(W), Leuc. mesenteroides subsp.
mesenteroides KC'TC 3722(A) and 1B12(@)
isolated from Chonggak-kimchi.
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FAARNA K25 FAE Leuconostoc mesenteroides 1B12 &30l w3t ¢ 5

3FAHPH 50 o3}, akA]gt 8%<] NaCle] #7}
g x| wggt B9 A3 FASo] ujA]
9] £& NaCl =2 sl #ASo] AHalgde
¢ & AUk FAEY Leuc mesentervides
subsp. mesentervides KCTC 3506(D%} Leuc.
mesenteroides subsp. mesenteroides KCTC
3722(A)e A% HF pH7L 58 o]Fog v
vl 7 X)elA el #(1B12, @)%
3% pH’} 552 #4 ¢ AS{o] ¥334L &
F AUt

seig Wiy, ol ¥F9 SEde $Ess ¢
olR7] $15l ZZ} D-arabinose, L-arabinose,
ribose B xylose 55 HiXlol 7kl &
gt 1 A3t 18] FAETFE Esl £
2]79] 1BI12%= D-arabinose, L-arahinose, ribosed]]
A FYE LESE HAFJAHFg. 2. §, ®Hx
E3l Leuc mesentervides subsp. mesenteroides
KCTC 3505(W), Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(A)<} 1B12(@) T

70

—a— ¢ subsp. KCTC 3505
— subsp. ides KCTC 3722
85} —e- 1B12

6.0
L ss

50}

45

40

N.ID N;L Rib Xy
Carbohydrates

Figure 2. Pentose fermentation characteristics of
the tested Leuconostoc strains. Abbreviations
of the carbohydrates: AraD as (D)-arabinose,
Aral. as (L)-arabinose, Rib as ribose and
Xyl as xylose. Leuc. mesenteroides subsp.
mesenteroides KCTC  3505(H), Leuc.
mesenteroides subsp. mesenteroides KCTC
3722(A) and 1B12(@) isolated from Chonggak-
kimchi.
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Figure 3. Hexose fermentation characteristics of
the tested Leuconostoc strains. Abbreviations
of the carbohydrates: Fru(fructose), Gal
(galactose), Glu{(glucose), Mann (mannose)
and Rha(rhamnose). Leuc. mesenteroides
subsp. mesenteroides KCTC 3505(l), Leuc.
mesenteroides subsp. mesenteroides KCTC
3722(A) and 1B12(@) isolated from Chonggak-
kimchi.
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Figure 4. Disaccharide fermentation characteristics
of the tested Leuconostoc strains.
Abbreviations of the carbohydrates: Cel
(cellobiose), Lac(lactose), Mal(maltose), Meli
(melibiose), Suc(sucrose), and Tre(trehalose).
Leuc. mesenteroides subsp. mesenteroides
KCTC 3505(W), Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(A) and 1B12
(@) isolated from Chonggak-kimchi.
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Figure 5. Trisaccharide fermentation characteristics
of the tested Leuconostoc strains. Abbreviations
of the carbohydrates: Mele(melezitose) and
Raf(raffinose). Tested strains were Leuc.
mesenteroides subsp. mesenteroides KCTC
3506, Leuc. mesentervides subsp. mesenteroides
KCTC 3722 and 1B12 isolated from
Chonggak-kimchi.
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Figure 6. Complex carbohydrates fermentation
characteristics of the tested Leuconostoc
strains. Abbreviations of the carbohydrates!
Amy(amygdalin), Esc(esculin), Gle(gluconic
acid), Mant(mannitol), Sac(saccharin), Sal
(salicin), Sorb(sorbitol), and Xylt(xvlitol).
Leuc. mesenteroides subsp, mesenteroides
KCTC 3505(M). Leuc. mesenteroides subsp.
mesenteroides KCTC 3722(A) and 1B12
(@) isolated from Chonggak-kimchi.
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Abstract,

The concept, known as ‘cellulosic bioethanol’ is seen as the next generation of

ethanol production techniques - as it aims to produce higher yields per hectare at lower costs
than current techniques consuming grains for sugar or starch since cellulosic bioethanol is
derived from plant cell wall materials, cellulose and hemicellulose mainly. As a pretreatment
procedure several methods were tested and a novel method was established and named as ‘Yoon
method’. ‘The novel Yoon method” was used to prepare wood chips for the isolation of
cellulose-producing microorganisms. Several microorganisms were isolated and among them, ten
microorganisms were compared in terms of cellulose activity in liquid cultures. The experimental
results suggested that the novel Yoon method was so effective that many isolated microorganisms
could facilitate the utilization of the wood chips as a carbon and energy source.

INTRODUCTION

Plant cell walls are made of lignocellulosic
materials, whose structure is chiefly
represented by cellulose (a linear glucose
polymer), hemicellulose (a highly branched
heteropolymer), and lignin (a very high
molecular weight and cross-linked aromatic
macromolecule) [1]. The association between
polysaccharide (cellulose and hemicellulose)
and non-polysaccharide (lignin) ‘components
is mostly responsible for its mechanical and
biological resistance. Cellulose, the most
abundant polysaccharide on earth, is a
highly ordered polymer of cellobiose (D-
glucopyranosyl- 8 -1,4-D-glucopyranose),
representing over 50% of the wood mass.
Wood cellulose has about 10,000 glycosyl
units in the cellulose chain that form fibrils,
long bundles of molecules. Cellulosic materials

present crystalline domains separated by
less ordered, amorphous, regions that are
potential points for chemical and biochemical
attacks. Cellulases are able to hydrolyse the
cellulose polymer to its monomer, the sugar
glucose, that is naturally fermented to
ethanol by the yeast Saccharomyces cerevisiae
Therefore, this biocatalyst is central for the
biomass ethanol technology. Hemicelluloses
are the linking material between cellulose
and lignin. Wood hemicelluloses are short
(degree of polymerisation between 100 to
200), highly branched heteropolymers of the
predominant xylose, plus glucose, mannose,
galactose and arabinose, as well as different
sorts of uronic acids. The C5 and C6
sugars, linked through 13, 16 and 14
glycosidic bonds and often acetylated, acting
as a glue between cellulose and lignin. By
contrast, lignin is a three—dimensional polyphenolic
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network of dimethoxylated, monomethoxylated
and on-methoxylated phenylpropanoid units,
derived from the corresponding p-
hydroxycinnamyl alcohols.
hydrophobic and highly resistant towards
chemical and biological degradation. It acts

Lignin is

as cement between the plant cells, forming,
together with hemicellulose, an amorphous
matrix in which the cellulose fibrils are
embedded and protected against biodegradation.
Other non-structural components of plant
tannins, fats, sterols,
sugars, starch, proteins, and ashes) usually
represent less than 5% of the wood dry
weight [2].

In order to achieve biomass hydrolysis,

tissues  {phenols,

i.e. the depolymerization of the biomass
polysaccharides to fermentable sugars, there
are several pretreatment steps such as
steam explosion, mild acid treatment, strong
acid treatment, ammonia treatment, or
hydrooxide treatment etc. Whichever treatment
method is chosen, the pretreatment method
must be carried out environmentally friendly
and economically feasible technologies [3, 4.
In the simultaneous saccharification and
fermentation  (SSF)
hydrolysis (saccharification) can be done
simultaneously with the ethanol fermentation,
using conventional yeast and bacteria strains
or genetically modified organisms. The SSF
process has the advantage of avoiding
enzyme inhibition by threshold
concentrations, allowing higher

process,  biomass

sugar
biomass
conversion yields and, by extension, higher
ethanol concentrations [5, 6]. Decisions must
be affected by the process yields and

productivity parameters as well as the

process dependability and cost.

MATERIALS AND METHODS

Chemicals and Wood chips

Thin fragments (flake form average thickness,
0.2mm; average length, 5mm) of wood chips
which is by products of sawmill were
acquired from neighboring furniture factories.
half gram of the wood chips were used for
each experiment. Sulfuric acid and other
chemicals were first grade chemicals.

Steam Explosion

Two methods were applied to steam
explode wood chips. One is that preweighted
wood chips were submersed in water and
heated in pressured steam cooker. Two
minutes after the pressure reached at maximun
level, the steam pressure was released
suddenly. This sudden drop in pressure
caused the wood chips to expand, resulting
in the increase of surface area.

Isolation of Cellulase—producing

Microorganisms

Ten soil samples were collected from
"Wooroonooran’ rain forest, Australia. The
samples were pooled and thoroughly mixed
and an enrichment culture was established
as follows. 3 g of the mixed sediments was
placed in 300 ml of minimal basal salts
(MBS) medium (pH 7.0) supplemented with
yeast extract, peptone, and soluble starch at
a final concentration of 05 g/l each. The
culture was incubated in a rotary shaker at
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150 mpm (28T). At 1-week intervals,
subenrichment cultures were made with 10%
inoculum of the previous enrichment culture
and transferred into fresh MBS medium
supplemented as described above. In addition
to establishing a stable consortium by the
above methods, cdllulase-producing microorganisims
were selectively isolated by diluting 100-fold
in an 250 ml Erlenmeyer flasks with basal
medium (100 ml) containing the following
(per liter of deionized water): 213 g of
NaoHPO;, 204 g of KH.PO, 1 g of
(NH,),S0;, 0067 g of CaCl, . 2H,0, 0.248 g
of MgCl, . 6H,0O, 05 mg of FeSO; - TH0,
04 mg of ZnSO, . TH,0, 0.002 mg of MnCl,
. 4H,0, 0.056 mg of CoCl, - 6H;0, 0.01 mg of
NiCl, . 6HO, 0015mg of H3BO; and 0.25
mg of EDTA. The pH of the medium was
7.0. Wood-chips prepared by novel Yoon
method (unpublished method) was added as
the sole carbon and energy source to a final
concentration of 10 g/liter. For a solid
medium, 15 g of agar (Difco Laboratories,
Detroit, Mich.) was added. Fast-growing
colonies were obtained on the solid medium
after incubation at 28C for a week. Ten
fast-growing microorganisms, designated
CMO01-10, were selected for further study
and characterized in liquid media again for
cellulase producing ability.

Estimation of Cellulase—Producing

Activities of Isolated Microorganisms

Each cellulase-producing microorganisms
selectively isolated by diluting 100-fold in
an 250 ml Erlenmeyer flasks with basal
medium Wood-chips as described above was

grown in the same media containning a
final concentration of 10 g wood chips/liter.
After a week at 28C growth of
microorganism and amount of consumed
compared and the
cellulase-producing activities were determined
by five scales.

wood chips were

RESULTS AND DISCUSSION

Isolation of Cellulase—producing

Microorganisms

The degradation of cellulose and hemicellulose
is carried out by microorganisms that can be
found either free in nature or as part of the
digestive tract of higher animals. This
research first focused in finding free-living
microorganisms which can degrade cellulose
and hemicellulose and utilize them as a carbon
The microorganisms
collected at
"Wooroonooran’ rain forest, Australia. The

and energy source.
were selected from soil

forest is tens of millions years old and
presumably maintains its original status, not
interfered by human activities. The soil was
mixed and prepared as described in
Materials and Methods. From the liquid
cultures, small amount of the liquid cultures
were transferred on solid cultures containing
cellulose as a carbon and energy source and
each fast-growing colony was separated
individually again in liquid and solid media.
The degradation of cellulose and hemicellulose
imposes several intrinsic challenges for the
microorganism. The polymer is of high
molecular weight, either insoluble or associated
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with lignin. Cellulose and hemicellulose is
also highly variable in its structure.
Therefore pretreatment  steps are very
important to aid the microorganisms
degrading wood materials. Several different
strategies were taken and finally the best
efficient pretreatment method was devised
and named Yoon method (unpublished data,
reserved for patent). When the wood chips
were treated with conventional low acid
pretreatment method, selected microorganisms
were not able to digest wood chips well
compared with wood chips prepared by
Yoon method (unpublished data). Table 1
shows that fungus did better than bacteria
in terms of digesting wood chips. The slow
and week activities were observed when
wood chips were pretreated with conventional
method  (not  shown). The novel Yoon
method was indeed proved to [facilitate
digestion of cellulose by microorganisms.

Table 1. comparison of ten microorganisms in
terms of relative cellulase activity

i : relative cellulase
name  microorganisms

activity

CMO1 fungus e+t
CMO02 fungus FHE+
CMO03 fungus ++
CMO04 fungus o
CMO05 fungus et
CMO6 fungus g
CMO7 bacteria +
CMO3 bacteria ++
CMO09 bacteria 4+
CMI10 bacteria ++

Among ten microorganisms, two were selected
and examined the digestion ability in liquid
media as  described in Materials and
Methods. Figure 1 shows that both CMO1
and CMO2 could digest wood chips very
well. They could even form a pit into the
leveled wood chips at the bottom of liquid
media. The CMOl and CMO0Z are good
candidates for isolation of genes encoding
cellulases, hemicellulases and other enzymes
participating in hydrolyzing and utilizing the
wood materials as a carbon and energy
source. The researches concerning the matters

are currently going on.

Fig. 1. Growth of CMO01 and CM02 in liquid media
Fungus CMOI and CMO0Z2 were prepared
as describe in Materials and Methods.
Pictures were taken after 2 weeks of
incubation at room temperature. Panels:
A, CMO01; B, CMO02.
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Abstract, The root of Polygonum multiflorum thumb. have been used in oriental medicine as
a analeptic, aphrodisiac, and malactic drug. In addition, it has been reported that the root of
Polygonum multiflorum extracts promote cellular antioxidant activity, increase the activity of C
u - Zn-superoxide dismutase, hematinic effect, inhibit the formation of oxidized lipids, and repress
lipid peroxidation in the mitochondria. However, Polygonum multiflorum also has been known to
be associated with liver toxXicity and reported to produce the acute hepatotoxicity in clinical trial.
Accordingly, this review focused on the pharmacological and toxicological properties of
Polygonum multifiorum Thunb. to promote the adequate use of this traditional herb medicine.

.M 2 1991). Aetree 7 ALl Qo 2 o

Azt FES Fehln Axso AMSSn

A sl (KI5 Polygonum mudtiflorum) (&4, 2001), AA ZA F240] Fajizl
£ ult)E 3 (Polygonaceae)ll 43t 3L ot} "2 Fuels AuElE= oko] uj$- o)
(Polygonum multiflorurn Thunberg)2] o3 B8 =32oA] 495 AlLsln Yo &
& AYste Aoz, AW @ AW o AN JehlEe RHol $43 FFos
o] tddtA AHEEZ e #FHFA F dlel a2 AckulZ|E T, 2004). oA ALS
o vt FEFAL 2 FIAAAN A & ol &4s Hisos Wiz
HiE R e SE R BixEusTA, pHsidol stn F3F YEAGME 7o)
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e AES FAE AMEE Yo FHAAE 2
o7} 2R FkA] gRES YU &I
AE YRS AS Hsrert oid tE o
AE AHE F5 oz Hre s Jgst
A st ARS-Sof iR, 2004).

olgig Ao bl AL sl 7
£, 85A2A%3, =8 A8, 7l Hs &
4, 28 28 F A8 7 ey S
Fdoin BuEoAa gloviHEd, 2001), o}
7R HsleL.9] sty g3 EAEH
A0l g HEgt tgo] F-E£F AAolrh
mka B =ReMe e F8 AR
R oFE|ehA] gl o, 5438 #HA
A& nFsigch

I. Hst+29| d&2

Hsl42.9] JE2 tanninT} anthraquinone
FrEA & chrysophanol, emodin, rhein, physcion,
questine©] A3L(¥}7] 3}, 2004), lecithin®} # &
o] polyginumutin B, C7} £ HAcHAEE,
2001). Shun “$(2006)-2 high-speed countercurrent
chromatography(HSCCC)oll  9J8] #H3sl4=2.9]
HelgRe o7kx ey AEe esigch
Aglycones Z& W2 FA9] 31813 A E2EH
glycosides 2<& & A9 A¥7x] &=
Al 2EE T emodin,
chrysophanol, rhein, 6-OH- emodin, emodin-8- 8
-D-glucoside,  polygonimitin B, 2354~
tetrahydroxystilbene-2- 8 -D-glucoside, gallic
acide} &#x|x] &L glycosidedtiz HiE
At

HO
A(')]'\!’.'t'

M. =st+0 ofalsts xtg
1. #Ms R
4 FASA A el A 54
& vehdtkn Rasn o} AHgo] A

o den o F  HEA A
butyrylated hydroxyanisole(BHA), butyrylated
hydroxy toluene(BHT)7} B3 o] AlL-H]
o] 21 At o7 EHE H0mg/ke/day &
Foz A3 P& o A FA4E Ui
B oA Branen, AL. 1975, Fujimoto, K.
1980). ol wis] AEAG AR FHojd it
3l 8¢ Jelign deA do AF7HA
2B A 71dg o] FHe A FAstAVL
Fe s EzHES Adstne Al
axe 540 AA del AHHA & o
YL Q001 AzxY H35LE vge
2 3¢ ¥ £ AAsld a2l E
olgs A & AU, o] 4 £Fo=
HE] HPLCE ]3] Stilbene glucoside®
Act. Feld 9] st G4 2AHE 96
2,2-di(4-t-octylphenyl)-1-picrylhydrazyl
(DPPH) radical &7 &4& AY3= Blois
U (Blois, M.S., 1966)& o] &3] 7180 &
22 e gaskAlet 20p4M FEAA ¥R
P u M3tk FA AsiAQ] BHT B
U= 3, Vitamine C2l L-ascorbic acid 2.t}
© %2 J29 4L et Basgle

3 (2000)2 2,2-azobis(aminodinopropane)
hydrochloride(AAPH)®ll 9JsiA A3t fr =g &
=oA Ml ke ilst 48 HUhel
7] 913 AYE Y8l B4 st AEA
T AAPH A X % thiobarbituric acid-reactive
substances(TBARS)7} 30294 1A]7F 30%&
o2 F7}SE A uric acid7t EA3] F7HEHAR,
T Arst AgelM e AHslee 3 A
< HEZZI Hl& A] HFo] AAE F713
"ol 22 FF2 7, vRAME FrEidE
A%, H, A E Fiddoy feide
Atk wasel. =3 glutamic pyruvic
transaminase(GPT), H&87-2] €%, thiobarbituric
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acid(TBA), blood urea nitrogen(BUN)2 &A
3] 7483 glutmic oxalacetic transaminase
(GO & 20% #HAxse= Aoz veht s
TR FEE°] iz 4 JYehdon B
natydek. 43, vlE, B-carotene LE]m ¢
Z220 &4, 53, 23, &4, Hslee, A
g dis] TBA ZAY& o] g3dld A=A
Fikstel] i 3itsl ANE dolrr] 9%
A, &3}, vlE, B-carotened %A 3}Aat
3t AR A Aoy xaAME H
Ao EFEEC 7V ZES i3 FE
et 4t 239, 4%, Hslge, A
Jdx st 523E Jellva 2agdo.
A A ztste] Aol At YUY EFEL
iAol Akgl ool &7t oy &
g, A, HalFeE L FEAA A3}
5ol ojHrtn BaHUATKYZA, 199%).

el FEEo] AXe s gL g
AA1711L Cu - Zn-superoxide dismutase (SODI1)
238 F7Hdvta HaE3(Hong, CY. 5,
1994), Hwang $(2006)2 ultraviolet B(UV-B)
Bl 8 FE w929 free radical A
glo g Halree BE FIE golny)
A3 UV-BE w929 5% 9% (dorsal skin)
o ZA} £ FA] T/ 5004MI} 1,24,8,16%
T F2E 47g wio E3e b, &
FrE EX3 FolAMe SOD1 9Yukg A, &
WA g gAdo] X3 FaE wdd] 7
AL FEES EXF FoME &% 9=
oz Zrlayrin Rusdtdy 8 16% £
TollA  SOD1 ©@¥ld £33 AL 279
80~90% FEoz 38 HAdy Busu)
£33 T4 UV-B ZAbe Hilee 2589
FaH AXE R "G, oA, g
FEE FAYRn Basted Hagest g

B3t 29-E vebd Fojgtn Husgict

2. & ¥ MFA olXe

Polygonum multiflorum  extract(PME)+
Parkinson’s disease(PD) & 293} fAlst
Al PQMB(paraquat®} maneb)ell ¢J3] f2¥
oh-29] BFF olde ANl AR e
Hy A 88 AT AFHQY Iy A
ko2 AlgEo}x] gie} Li 5(2006)& C57BL/AG
uh$-20] PQMBE dFdel F WY 65 ¥
¢ BRFA 3o PFo)de fEAL, &
A3 AxAe] =944y wHol WAH &
24425 (bradykinesia)e]l FEEHI FH:A17%
A =9I AAFEA 98] futslE PD
E A ¥ (phenotype)2] F4o] WERGA 3tk
F2A% AzAe =9y wAol fE€ nf
S0 479 F¢ PME, g sHgA
PME(PME-]), <&& &84 PME(PME-I)
7} AT 5o HAS W E5@LF Ay
AzAd =394 7o WAdo] AAsA
oA =k olgd AzE PMEZ} in vitro
oA 38l &4& 714 oxygen free radical
& Z2A7]9 PME-I& PQMB §<ojo] <)s)
TEEE Y53 oS PN BaE
Ao dekg B84 PME-IE &%) flof
ogtg 7184 Aol PDIl g BE 3 A%
< 3te FHo] nuEY)

Amyloid B (Af) protein2 Alzheimer’'s
disease7t A== < AAHKHS FLdo
I dEA Jdon H Fe R =yt
(senile plaque)¢t AAHFvlFe F8 F44
Eolgle Aol AAEHUI(Golde, TE 5,
1992; Yan, J.J. 5, 2004), Ak3}3 AEg27)
AR g3 =8 AAEEA9 FE7]A7 QB
ok AAERKBehl, C. 5, 192, Yamada,
K &, 199). ABl 93 fx% AR5l
F-Zg vl9-2o)] H3gor) v A8 ¢
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ol17] $1&l ICR vl$-29l 05, 1% Polygonum
multifforum Thunb. water extract(PWE)E 4
F Bt AFHsH & vk AB 25-35 10pgs
3] intracerebroventricular(ic.v.) Z22 %
3t9& W, PWE 5ol A8 25-3H7F F
gl vhg-2o A el Q17 RFo] ANMEHAU
tha Bl 3§ acetylcholinesterase
(AChE) 4ol AB 25-35 %o Al F7}3H 1t
Aol PWE A3 el 98 ZaEAem lipid
peroxide”}t W|n)8HAl 7HAE|2™ ] Glutathione
peroxidase(GPx) #4¢] F7}5e] TBARS
T2 ZAastAAY  catalase$t  superoxide
dismutase(SOD)&Adelli= @A a7t qlok
2 BIaFA o= GPx7} catalase E&
SODX.t} lipid peroxidationo] © ®lzéicte
A3E Yellz dxn ars Zgr)de 5
g PWEel] 9l&] ABol <)% lipid peroxide®]
o] Zase A4 BEH S Irtn
HasQrHUm, M.Y. &, 2006).

Zhang $(2006)2 3hgat 719 S8 A3l
L9 F8 AEQ 2354 “tetrahydroxystilbene-
2-0- B-pD-glucoside(TSG)e] H &3 FEIE
FAsl7] 913 4, 10, 16 Y9 transgenic °H-
29 TSG 120, 240 # mol/kg/day & 7tz 5
3 dzdEe e d¥ye C57BLA6 v~
& AHgst oleldt A g3 V1Y T
2 TSGE Tt wrollA A3 FA=HU
H3dle TSG7F AD A8 93 X8
ALE 7FsA & nastyrh

2 0
U S

3. &80 DXl Y
Y4 F5E Aele AT JY-ABF
"’3ﬂ°ﬂ sl L3k o)z B3I FINE e
F Advkar B aEArkYi im, TK %, 1999).
PO/J’gonum muiltiflorum®)
(PMS)7} 11 ZFexH Eo] fr2d

stilbeneglycoside
E7 oA

HEA -

R EIRY

45N stE kst AF A E(foam cel) A
(ICAM)-1
protein¥} vascular endothelial growth factor
(VEGF) protein +&& FHAd=A] dolry]
A% Aol A PMS A3 TolA = FAEHA
3t5o] 3tEIAn AFAMEAA ICAM-19|
LI VEGFe] '#do] ZaAasIden 3,
¥4 triglyceride 7ol o3k PMS°] A
W7y 74 Feex 2zl XaE ds 3
et &8d & AE 7)'l°]3}5l HuFY
tHYang, P.Y. &, 2005). °l¢} FAMsHAl @3}
T AH3leert nFH2HE AR
g FAEHAsFl A= ZHE Hrel
A&l 4% F2HEE A3, 4% FUzEHE
3 4% WNar, 4% FHUzeEH} 4% g
FLE 125 F<t AFstA & A3, djzat
vja] Walreel HaredE AHFAT oA
e el A HEF Ado] HAAHJUR &
8, A AFldel Wi AIATEG
o &3Fojcte RuFUCE EF serum
total cholesterol level,
level, serum free fatty acid level, serum
total lipid level S°] tjZFol v)&] Wi+
T Aot HEAA FoldtAl AU
1 High-density lipoprotein level tZ&d
Bo} F718AAIRE fro)@ Alole Holx] &
Ak B = ACHEREL, 199).

intercellular adhesion molecule

serum triglyceride

4, Zvgol aixls B

4a¢ g A& oA 2 7% Bz

LAFY }%&10111 gk ARE(1985) =
Hapregr Watrert dee] o) uAs

\-J

R¥E Yol 7] $8} carbon tetrachloride2
el FEE Yrol HalgQel wWalg
L dF FEES 74 59 s T AW
]

A, cytochrome oxidase(CYO), adinosine
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triphosphatase(ATP), acid phosphatase(ACP),
lactate dehydrogenase(IDH), alkaline phosphatase
(ALP) 59 54 24& FAs ol8d
A3, e 7 Fo F Ayl &
A1, CYO, ATP, ACP, LDH, ALP 5] &
A 8Aol AN &2 FEHO carbon
tetrachloride2 &4€ 7+ 7150 3& @ #
€ 1 F 5 AN ol F BFAE Wiy
L7t A M} 3EEE AIZo] o w3k
At A ® 7k 7% 3Fo gavt 49
st B oyt

e dgE FEENA 53E catechin
3} B -sitosterol> DPPH free radical #|# &
Aol W3 inhibitory concentration(ICs)°) 2z}
z} 246, 1158puMe2 Yehga 53], B
-sitosterol> Hep G2 A|XF9] X B3F
g4 ANgoA ZHAEE B3 8t £98 U
ehdict 29l EHdx ECye 210pMelith
o BnEHch E3 ARG A= DHEE
°]§3 X B3 g4 A E-2354
-tetrahydroxystilbene-2-0-8-D-
glucopyranoside®} catechin®] ECs7} 247+
138537 7963 M2 vpEh} TS BB
£ Z7F Aok BuEJPeHEE, 2001).

5. gtiol2{A =HE

Severe acute respiratory syndrome(SARS)<=
Corona virus(SARS-Co V)l 2J3] A== 7
A4 Aoz SARS-Co V spike(S) protein©]
AL 4284]¢] angiotensin-converting enzyme
2(ACE2)°] Atz <24 Utk SARSA
3t oy gIE dolrr] s, 312 F
5 ) FRE NS Nelumbonaceae,
Labiatae, Magnoliaceae Oleaceae Lauraceae,
Polygonaceae 5 67) Hfamily)7} S protein
o] ACE2el ZA¥ste A& 60-90% AAet1

o] % Polygonaceae®] A% A &7 713
ety wRasHdHc =3 o AR F
emodin®] SARS 4wl 7} & &371 Uk
3 Yelgth S proteine] 71342 ACE2
Afo] &% & o2 FUkte W emodin
A2 A] SARS-Co V protein®] ACE20] 2%
e AL dAlsgen 3 Vero E6 cellol
S protein-pseudotyped retrovirus®] #g-& 9
Atz B u=olx] emodinel & SARS-Co
V 4&<ddol raso] HekHo, TY. &, 2007).

6. @of D)X= FE

a -glucosidase® A ¥ 85-3ES 484
71 E&o|A o] §49 YAle A% 1¥F
Z& JAAZ 5 Ut a-glucosidase A
Ae A% Exge] FEE W37 8l 43
E AQE F de ATAAR gelA] e
(Mooradian, AD. 5, 1999), o] JEEX 9]
Hg 98¢ o geld Jrh Streptozotocin
(STD-F=8 Bk A=A Ao F&
E9 gn¥Y a7 A7 HIre FF
£ 608, 0NN F7tE e 8% X539
FTEE A3 At ®aso] HJFe
FEE W AV AF n¥ET <l
EEE € 4 %2 3 AHFE A & F

vt B aERcHKang, M.]J. 5, 2006).
V. Hal420 S48ty =8

Polygonum mutiflorum® BE9} A AY
AY HARE 3% AFA T EAo] QUrin
BuEejA £33, Andres 5(2006) Wt
AL FE do] BnzAZ AMgEHR T 9
£ 4% AEQY Shen-Mine] 34 4L ¢
o7itn BustHet. Polygonum mutiflorum
o] 8 A¥<l anthraquinone®] Shen-Min
Aol 2o dn s FAHA d
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AEFolgtn Hustgrh 2849 Wl o4o]
Shen-Min€& 85 &<t A1&3 ¥ ¥Z, UeF,
3o 5 NS4S sAdNT, AYY 4T
AME dgto] 110/70mmHg, 4 72bpm
ol Futzt ¥|Fo] o] AN #H, ©
2], wActelo] ukpzdge] Yottty Hu
39tk Shen-Min Alg-0] $¢ & FolE «
~fetoprotein 5&°| 4126ng/mlg 7+ 7150l
3EPL Byxn 9g, o] MNMEHAR
g, 3z 5 Algo] Fu € F 3574 AA
A3 A=At skt

v.d &

Ao LulARE A4A, a3z AL
S50l gm, st 2Hgo] Hoju} 3}
Wz 3= Wugoyu} Z12]lil Parkinson’s
disease®} Alzheimer’'s disease?2 E 342
Ho| oig BF &y, 1 BRI £, T o
W g3 Fo] RusoHi HIdE SARS
dulol = &7l Quin BaEoF 7|EAl
4R 2ty 24 Qex AZE %
3ta #hgo] Al&sA LAz YE FA
th v Helee s 8oz AL § o
dgre 5448ty 7)Fo] mlEEo] UA &Fx
AAHY EAH A77t EES AAolch
53] oM FE2E AAE AHSsta
7] W&ol olgig HalFL FFERT ofy
g} Yo}zl ztztel HE-Sol did 5483 7]
Fol uldEojxol Fir) HIToE HAES
ALS-E ARRZAFS0] AL B Yo
dg] o] &HojNz o giE oy ¢ 5
Astx mg) gle] FWsHA ALRElY A
Ae A5 goh gt FuldA Hatere
o] ¥ oplel hHA Hrl aTEHo
A x, olo wi} sty Al AP 54
7}t ol R EAEH )Fo|l Ay ook

& AHolt}
AuEH
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The Skin Safety Evaluation of a Potent Anti-pigmentation
Agent, Kojic Acid, for the Skin Application

Bae-Hwan Kim
Department of Public Health, College of Natural Sciences, Keimyung University, Daegu
704-701, Korea

2 o AL HRdA dad q2E YAPsE ol ZA oA (tyrosinase)®] 71%5& o AI#
ez v g Hol Zldsy] WEd HZ 7ITA HFE ARz ALEo Wol §8&50Ax
Atk 22y AR FFeAe] kel diF A7l =8= TEP ual, & YA E BIHFAS
A, ARIAATAY, HHRASAE, AFFRAAAEY, FRAAAE QL ARRAE AAse IR E 9
R2A 9 AR E HrisAch A¥AT A7 AFEFFAGNA FAAY frdel A sHede] K
AR, vz Ao AsH T AFAA AAd] di@ FFA A AddE EAZF AALD HE A
g o 75883 E AREA ALEA AR dRd HEse Fdd 4ol BEFHAG

Abstract, Kojic acid has been extensively used for topical and systemic treatment nowadays,
because it is well known for its anti-pigmentation effect with tyrosinase inhibition activity.
Therefore Kojic acid is developed to cosmeceutical agent for cosmetic formulation. However kojic
acid is reported to induce the skin problems. In this study, we conducted the several safety
tests such as single-dose toxicity, primary skin irritation test, eye irritation test, skin sensitization
test, phototoxicity test and photosensitization test, to see if kojic acid is safe in case used for the
skin application. Our data obtained hitherto suggest that kojic acid is generally safe if applied to
the skin except for showing mild irritation in skin sensitization test.

do) We F4 Ve J15E a9 A9
o 9% e Polsts JTE HAY, F
% 4YHR FRAoz 2EY A9 44
2}, 79 Sl 4le] ek

I.ME

Fehd(melanin)2 {17+e] FHFu w7t
of EEFo] Qe Aotk AEUe]A Ele]

2 (tyrosine)<  E}o] 21| o) Z(tyrosinase)l
ols] =97 =(Dopaquinone) & WdE F,
AEAsES I G40 58 AX deldol
g4t olFA AdE dehde WeleFol
= FHYE 58 9% 2xec!
oA delde QIzte] wojr|zoz 3

waly ol2jd Mi IIANE "olFy)
A8 Hepd YA IR HAAHL =
d3le 7154 sFEYRd o B =
olxl it} o|F ZA4Hkojic acid)E F
F3o] FEAoZHE Ao HLoZ ¢

HoAq Hzz /iy 982 ¥5o] ¢85

W o du i
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W Yygcksiel 99 FHaoldaE @k
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£ THoleg FANA LAVES Assd
ujdo] 7 Woly Ao JeiA Aok

AT A2 $FFANN PPAT 99,
HRAZ Fo) FAYHL FRANAY EAH
L MECERRIEE

O

1
|
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Fig. 1. Structure of kojic acid

2000dt) Eo] sFEYel AR Eels
A, 715385l AYEEA, sFEelA
= FEMA, vES, Ad A Fid
Hal 254 FEE EAY & A =HAh
ay FEA &%l sivigel we v)%F
A AYEe A dF FaAdol B AR
I Qich ZARL J)1sAdsgEY el waEH
AFE 71548 982 AMEHA A7) AZE
AR, H2FG fdol digk Felve 43
o2 A7 Hn Q7] W, & dtMe
716883F 718 B AT Aabel @
& 14 o gAse], MAF SIHFEAENA
d, 97 IAASAY, HHY AFAE,
ARANY, 254 R FAAPANEE AA
3.

. xMzg ¥ Wy

1. AEs3

2 Ago] AHEE zAAL SigmaziE
TYstH e, PEGA000] HAHF L2 5o
z} Agol A8l

A g

2. BB MExH

B Ago] A3 FE(SA, E7 2 )
UH)& Samtako Bio Koreaol* 3ttt
ALY ARG ZRAL 2E 2B* 3T, %
50+ 10%, #7134 153)/hr, XE 150~300
Lux, BYF7] 12A17H08:00~20:00) 2.2 /215
& HAEE sk AE AUREAd A8
(Purina Korea)®} &4+ AR34 Alzoy,
Atge] QEAANE FEFHEEH UFA
AR, T LAAAME d 234 AUH
02 A7k RAFAHATA 9Estd, A1g
o 4F& & 299] &S UL =
€ AETES AN¥A 1577 HE713E AA
A7 FET A A3

3. Algiuy

2 Ao AHEE BE AL rojokE
SASANDINNES TI5HHIESANA
ol #3574, "3 CTFA® 2 OECD guideline’l]
whe} A5,

1) @354 =54

AuIA P A} o] UehtR] gol Aok
N BAE HuFEQ 2 ghg FAED
dystden, e 242 5etele] ICR w2
(20~25 g)& 5A7F 7k AN F 10 mikeg
o] volume2 % 13 75 sk FAF,
1495 AFEs), diFd L AAeiRg
BEsiAnt. 2T Sul(PEG0T T3
Atk AEFE F RE FEL 25 ¥y
zA5H oldaAg BAs

2) YR1AASFAIY
24X Aol A 23 6ulz]e] New Zealand

White rabhit(20~25 kg)& |43y Z 58
9 5 H9E 9 25¢cm X 25cm ALY A
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HEHGARA vy EAIL S AN R Ay Hr AT 3

712 HFE FAoR ujEI IR 2lie
#3 7 27AR &Y, AEF FHE UgxF
ZA(PEG400)2, $5o= APEA 5%(Y4dd
A8 5v )& 747 05 mi¥ =X3H%
o AEEA A8 F 24NN L 724 7R o)
otz MY, 25384 F9 AFH &5
g BFst roGEFASAAYG7E 0%
u2l Bk Ao diF AFAe A=
BALe ditHoz wo| o]&HE Draize'?)
P.LL(Primary Irritation Index)9] 4+& el
o}gie.

3) Y AIAY

AHALE B8l AT &4 5 ge &4
= FHE7 (2~25 kg) 9vl2] & o] 83}
E w2 X, & wole ANYEd 5%
(YR LFe] 58 )& 42 0.1 miY
Herstak 2 F 3vkEle 20~30% ¥l v
< PGz S8 Askn, ve R 6vf
g Agtetx] gtk NPEA A F8 F
1, 24, 48, T2AIZ+7 4, 7Y Fo] HEgRY 7
oko] Egtut o1 W9, FAQ wkg, Ao ¥
A RE WEE AR 59 234 FFE
#Es). ¢Fe wkge] A5 Jrike roek
ESASAHNE7IEC Ao 7w 57
& o] &3t AP, Aol i 2AIA
9 Ax #HLS Yutyoz go] AEHE
Draize'’®] ¢tAls FEEE wsich

e

4) AR A Y

A A HAERAY ARE 2T &
+ 10ut2]¥ 9] Hartley Albino guinea pig
(230~270 g)& ol&3 GPMT(Guinea Pig
Maximization Test)g''el wa} M)
ZHHinduction) FE& 5%(YAdA L2 5
v 32 AAFsAn, HRiA A5 AP
7 zpse] pAFHA & 1, 05%F o ¥

55 dAsAc

12 Z2e AR 7|vge] AR A
8, Freund’'s complete adjuvant(FCA) %
FCAS}l NBEFES 292 01mi¥ FuUFA}
ek 7YF 23 AAL FARHE ARG
¥ 10% Sodium Lauryl Sulfate(SLS)E A
3t 24X 25 AEERA S 05 misite 4
EX3n stolAE €& FH HAFA gHolx
2 1Al 48A17H5<t HAAHE Ak H
X 2FF ARSI 9 tE STHYE AR ¥
AP EAE UM 5 H 3 H X(challenge) 3}
o HE AA F 24, 48 T2AA] Futz
7H98AY, $EPHT AFAH #5788 AHs
At #EEE FAE&] 20%0l¥ BY-
sensitizer2 ¥4 t). FUEF 2= DNCB
(1-chloro-2,4-dinitrobenzene) 0.1%% A}&-3}
Fow, SAUETFE £vid PEGL00E A=A
sk ek

5) BE4A Y

Aol tigt F5A4 o5-E 5vtel9] Hartley
Albino guinea pig (250~300 g)& °l§3l4
Lovell 59 W% o] <js] AAstgch AE
B39 AEFEE YRARAAH 8 1%
2 AAFsdc. 7idge FRAE ARE F
FZo] 2 X 2 cm?e T8 3%HY F 679
& AdAsd, NEEF, S49UZEZ(PEG00)
2 FA N ZEH(8-Methoxypsoralen, 8-MOP,
01%)& 50 wH #53HA 2zt FHH9l
EXY % 3 #3HE #AdIdz 5L
Ultraviolet A(UVA, 320~400 nm) 15 J/em’2
JzAE, A F 24, 48, T2 AZhel] FHERE
$& BR3P T4 225 mm glass filterE
AHgste]  Age] UVBYYEE atdsidod,
UV ZAbd 9t vzALGHe) ASHE Ao]
(F=EA R4, phototoxic index)S A4S},

05 °3te #5540l gle 42 AR}
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6) BFAYANY

22l i Pty XYL #9 5ula
¢] 43 Hartley Albino guinea pig (240~280
)& °]8&3 4 Adjuvant-strip methodel] 2
3l A8l 22Kinduction) $EE 5%(%
Fel g 5 £F)2 MR, op)E
Ee AAAAIE Y e £39 1, 05%2 A
st

AR 24859 2 x 2 cm)o] FCAS
4Zd 2ol 0.1 m¥ IuFAletn 1 59
I F-E striping & ¥, AYEAL 05 m A
2 X2 cm? #&7)9] oAl HF 24)7HEH
AHEE & oS, EAAE UVA (320~400
nm) 10 Jem'E& 2Absle ZAAZ o)A
HAHE F 334 230 AA % 63 A&
th #HEFHFAR BE 109 Fo O SHe
& AZEY 6 X 6 cmd) FS 2404 YA
2t NPEAE 2/ HE ¥ 9z Bouie
438t UVA 10 J/em? & ZAHchallenge) 3}
A, 24, 48, T2AA 0] WSAEE AAEY
o SAUNREAR2E PEGA0S, FHUZRE
ZEE chlorpromazine (72Ha: 1%, of7)k:
01%)& AM&&tl. UVRAIA SA7} 225
mm¢$! glass filter& AMg-3}e] A 3o) UVBY
Ae Agsiglon], UV =AY vzl
o AFHYE o] (F724R4, photoallergic
index)& Al 05 olslE #FzhatAdo] Q)
= 23E a8

4. /sy 2y

3 FA5H4NG] A, HugFd 1) 2o
o2 H¥s7] ol probitdel 3 LDy,
RS Y] Yokl 2T A)FEre] A
3ol o)AM= student’s t-testS o] L3}
T8 %5 ZHAstgdrhdata not shown).

m. & =t

1. S38E0 §4

A7 AEEA 7198 AFws)
Y5, WA 2 8oy BAAA oA
817} W8] kx| ¢koldata not shown), 3
Hake] LDy 2 gheol o2 Azksigint,

2, ORIRIXIZAIY

A-ZIEL ANPER 7108 xFs),
Ad5d, WA 5 BEHA ggtoni(data
not shown), AlYEZA x| L9 oA
Mg Zyto]  @EFHol IHRIAAIR|5
(PIL)7F 0212 AFY = o H(Table D, ol
T2 9ol &8t $Ych

3. ehEet xI=2AIE

A871ZEE<E AFEA 798 x5
Y43, WA 5 BHAFEA ggtoni(data
not shown), AlGEZ ] 282904 uAt
(non-washing)#2] ¢ 1A7HH0] 2@ =8
olA dut o] oy ¥o] BAFYoL
A ol HA 4BAZE o] FolE o} ZAE
TEHA gt} MK washing)E& 1u}a)o]
A 1Al g oFgt Aut whHo] BaH L)
oM nMerE % AMZe Acute Ocular
Irritation Index (A.OL)Zte 1272 Mean
Ocular Irritation Index (M.OL) @9l 133 %
067% z+zt A+&E|QorK(Table 2), 25 ®a}
= WSl sid=At.

4. DR YEGAI- (GPMT)

AlF7IREEt Alg & 7108 AFHs)
Y3, AA & BAHA Ygkoni(data
not shown), J|%723 Algds gzExd
AT e RE FEOAM F, sby, B
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Table 1. Results of primary skin irritation test

Sites treated with test compound (kojic acid)

Application site Intact Abrasion
Bt b Erythema ar?d i Eder_nam Erythema an.d Eden?a
Eschar formation formation Eschar formation formation
Hrs after application 24 72 24 72 24 72 24 72
Animal No.
M1 0 0 0 0 1 1 0 0
M2 0 0 0 0 0 0 0 0
M3 0 0 0 0 1 0 0 0
M4 1 0 0 0 0 0 0 0
M5 0 0 0 0 0 0 0 0
M6 0 0 0 0 1 0 0 0
Total score 1 0 0 0 3 1 0 0
PLLx 0.21
Sites treated with vehicle (PEG400)
Application site Intact Abrasion
e G
Hrs after application 24 72 24 72 24 72 24 72
Animal No.
M1 0 0 0 0 0 0 0 0
M2 0 0 0 0 0 0 0
M3 0 0 0 0 0 0
M4 0 0 0 0 0 0 0
M5 0 0 0 0 0 0 0 0
M6 0 0 0 0 0 0 0 0
Total score 0 0 0 0 0 0 0 0
P.LL= 0

Grade of Erythema and Eschar formation” 0 (No erytherma), | (Very slight erytherma), 2
(Well-defined erythema), 3 (Moderate to severe erythema), 4 (Severe erytehma or eschar
formation)

Grade of Edema” 0 (No edema), 1 (Very slight edema), 2 (slight edema), 3 (Moderate
edema), 4 (Severe edema)

# PLL: Primary irritation index, 2 Total Score/(Animal No. *4)
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Table 2. Results of eye irritation test

Time after treatment(kojic acid)

Animal No.

1 hr 24 hrs 48 hrs 72 hrs 4 days 7 days AOILY

Non-washing

M1 3 2 0 0 0 0

M2 0 2 0 0 0 0

M3 0 0 0 0 0

M4 2 0 0 0 0 0

M5 2 0 0 0 0 0

M6 2 2 0 0 0 0
A"f;‘l‘*gl““’m 1.33 10 0 0 0 0 1.33
VWashmg

M7 0 0 0 0 0 0

M8 0 0 0 0 0 0

M9 2 0 0 0 0 0
on 06 0 0 0 0 0 o6

* Total score = (Cornea opacity % area of comea involved * 5) + (Iris lesion % 5) + (Conjunctiva

redness + chemosis + exudates) * 2

' MLO.L (Mean ocular irritation index): total score/tested animal No. in each observation time

P AO.L (Acute ocular irritation index):
(0~5, non irritant;

5~15, minimally irritant;

maximum among M.O.L

15~30, mildly irritant; 30~60, moderately

irritant; 60 ~80, severely irritant; 80~ 100, extremely irritant)

59 T30l *’P"th/‘l gtert AdEAT
35 1% ©F7] H-9lelA 40%9 #HE&E
B, 05% oF71F-flel A= 10%2] 7280l
TEFAHTable 4). &of 725 HAG )%
A5 dEz2Re FAdME 1% i‘] i]-‘r’-?—]"ﬂ*‘]
5%2] Aol TatE|dct AT (DNCB)
dre BE FEoAM 24, 48 72"]’1011 3y
i3 331“}(°cl A8 100%) 0] ¥RE )t

lo Ork

AN@717HES AEEA 7]Q1% A FHs,
AQaFah wAL T @ %‘5‘] 2] 2%k o.v(data
not shown) AGEA :A4 (1%) HAT
9] 739, UVA FAl ¥ ”l:-’ -9loll A 2=

o] ¥aro] ol FEAAFE 008 1HEH
AHTable 5). Fdiz==1 0.1% 8-MOP
T 454 AF7r 2002 AAEEe], mildly
phototoxic gt =22 #H 7= 3},

A F w3},
Pt Z] ‘E‘z—}*ﬁk" ™ (data

not shown), A &&=l z222H1%)e] ZF7+=+
A AlE Ay UVA FARLe) ¢ H] ZA} 29

rol B AARAFE=
FAF=EAQ

o A a}=ro] THEE o] ¢
ox 4HE% UK Table 6).
chlorpromazine(0.1%6)-2 A=247F 1.82 Al
2hE]o], mildly photoallergen©. & 7} St}
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Table 3. Results of Primary irritation test in guinea pig

. 24 hrs 72 hrs
Riatorisls Conce(:;/t;'auon ;
" 0 1 2 3 4 0 1 2 3 4
5 5 1 == - = 6 - - ~ -
kojic acid
1 6 - - - - 6 - - - -

Table 4. Results of guinea pig maximization test
Positive response (%4)°

Test Induction Challenge conc. by the 1st challenge
Compound conc.(%) (%) :
24 hr 48 hr 72 hr
. . 1 30 40 0
kojic acid 5 05 10 0 0
DNCB
(Positive Control) b Bl 100 100 100
PEG400 ) kojic acid (1) 5 5 0
(Negative control) PEGA00 0 0 0

# Grade I (0~8%), weak sensitizer; Grade II (9~28%), mild sensitizer; Grade III (29~64),
moderate sensitizer;  Grade 1V (65~80%), strong sensitizer; Grade V (81 ~100%), extreme
sensitizer;  Estimated allergen showed above 29% of positive response.

Table 5. Evaluation of phototoxic test

L : Irritation Index® A '
Test Compound N?‘ ?:;_ — ..Plﬂ.lo;qt_oglc ~ Evaluation
j animat Non-irradiation site UV-irradiation site =~ '9eX
kojic acid 5 O+0/5 =0 0+0/5=0 0 Non-phototoxic
. PF'CMOO 5 O+0/5=0 0N+0/ms =0 0 Non-phototoxic
(Negative control)
il 5 ©+0/5=0  (10+0/5=2 20  Midiyphototoxi
(Positive control) G

# Trritation Index

= (Max. score of erythema and eschar + Max. score of edema)/No. of animals

Phototoxic Index

= Irritation index of UV irradiation site - Irritation index of non irradiation site

(0, non phototoxic; 0.1 ~0.5, practically non phototoxic; 0.6 ~1.5, minimally phototoxic: 1.6~3.0,
mildly phototoxic: 3.1 ~5.0, moderately phototoxic: 5.1 ~6.5, severly phototoxic; 6.6 ~8.0, extremely
phototoxic)

b)
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Table 6. Evaluation of photosensitization test

* t‘ I a)
No. of R e Photoallergic

Material animal Non-irradiation UV-irradiation index” Bealuton
site site
kojic acid 5 oO+05=0 (0+05=0 0 Non-photoallergen
PEGA00 i _ - N
(Negative control) 5 O+05=0 O+05=0 0 Non-photoallergen
G SrprmRRine 5 ©+0/5=0 (9+0)/5=18 1.8 Photoallergen

(Positive control)

* Irritation Index = (Max. score of erythema and eschar + Max. score of edema)/No. of animals
" Photoallergic Index
= Irritation index of UV irradiation site - Irritation index of non irradiation site
(0, non photoallergic; 0.1 ~0.5, practically non photoallergic: 0.6 ~1.5, minimally photoallergic;
1.6 ~3.0, mildly photoallergic: 3.1 ~5.0, moderately photoallergic; 5.1 ~6.5, severly photoallergic;
6.6 ~8.0, extremely photoallergic)

V.m & of hEk ezt melE 4 gl AneA
g Az @ 5 ek el olu] v

A ek Az oAl ckelA 7] Wzk 9AH o AgEolAL gl kel
SASEE Anw wol AgHoAL o,  obAnA 2 Al glol AMgHolA L am

FH d4-qh & T el o] Ao gk o A& nFol & uf, T Ao o)s| Apg
Aol 254 4EHD e Ao A ZEHrEe] dojubx] @Fa v 3“4
a2 ol 4¥L 7154 JYEUER Fojxit},

F5 AMEE I e ZAAe] gk w R Ak gk UV 385 200 ~ 400
FA48E rgstr] fls AAEAG B AE nm AlolollAq FAG Axt FF peak?t T
A3 ZAREE G Fo| 5o LDygko] 2 glo] =4 A R AFRFY ANEE AAE
g/kg °o]o = yhEulon], Hi1AGAFAY Aot AFEAQ] ZAN1%)e F=4 A
(PLL=021) % <Fd"FAI§]  (Non-washing A3, UVA ZAF 9 B]EAL Hglo A z}=o]
group A0QI=133, Washing group A.OL= FEE 2] kol FEAde] Gl AoR JgE

067 sz HAT Wlel AL, 2] O L DAY HERY A Uskel
USRIASA A W% SAel MFEA AR, UVA ZARRS] 9 uEAL 9l A %
@ 27100 okbel gatel WMol SYAG Aol s WA ol BAAY s

frroll Tk elghe] §-eizko] waw 2L, % gl Zow e,

GPMTel sldh s-pag dstoliic oldsl A DAt AR 94 ABEE
AR AR QAAEEER 1% (FAE A% FEOA BE AY 23 IR 08w 3
Sl A el SuSIgIh sl AR oo gARE fue 5
A9l o Ashz AAl yelAel 2 S A @4el el BAm Ause, o 9
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HE Sx|oloM E2|8t =2 BHAEL MMSE JiX[s AFF
Leuconostoc citreum Sbe| E2| U EM

£UF - H2A3 - ol
Agustn Ao 42N - AYNGR 4EAZGAN - AGustE =Ygt

Isolation and Characterization of a Novel Leuconostoc citreum
S5 with High Dextran Producing Capacity from Korean
Fermented Vegetable

Min-Jung Son' - Oh-Sik Kwon® - Sam-Pin Lee'?
"Traditional Microorganism Resources Center, Keimyung University, Daegu 704-701 Korea
’Dept. of Food Science and Technology, Keimyung University, Daegu 704-701 Korea
*Dept. of Microbiology, Keimyung University, Daegu 704-701 Korea

2 ¢ AHAF FAvAAM ¥ & A4S Jehls #& Eadq 848 23 Leuc citreum

o2 FAHULH, ol Leuc citreum S5 HHI AT} Leuc citreum S5 FE|A, A& &
Aol Leuc. citreum KCTC 35263 %*}3}95\9.“1, T #F BT C160 ¥ C181 wic/t F8 A ukal
o2 AU}, Leuc citreum S5 TFE 25T, pH 794 713 & HAL Ueldo #3539 84
£ Yeh= #H3 2708 Yelgn, "é‘%% o] &3l TFEA ©AYOE saccharose, ALY E
yeast extract®& H7IHE W LEEY Hxmrsl 953 Eol olF ol§de Aoz yeElyd, =3
Leuc. citreum S5 #F& #A%e] 1300 KDag! W& size?l dextran® ®o] AArs|9ln, Leuc
citreum ATCC 3526 #Ft #A%o] 2100 KDadl ¥ size?| dextrang A4std F #F7F A4k
st LEES £ A7t Aol7t U= R g YErdth

Abstract. A novel lactic acid bacterium isolated from traditional fermented vegetable was
identified as Leuconostoc citreum S5. The strain showed the close similarity to the morphological
and physiological properties of Leuconostoc citreum KCTC 3526. Both strains contained C16:0,
C18:1 and w9c as major fatty acid. In particular, Leuc citreum S5 indicated the optimum
production of mucilage at 25T and initial pH 7. Also, the strain can utilized sucrose as a carbon
source and result in the higher production of mucilage in the presence of yeast extract. The
molecular weight of mucilage (dextran) produced by Leuc. citreum S5 and Leuc. citreum ATCC
3526 showed 1300 kDa and 2100 kDa, respectively.

Key words: Leuconostoc citreum, dextran, consistency

Introduction A AQrK1). Leuconostoc &) &3 ikt
g9 /M & 5Ao2E FAA &L o_

Leuconostoc® 213 T8e] 2dg 3z He ARAn uxg vlasd ol
AE FAFCE Leuconostoc mesenteroides — dextrang 228 THEO] UlE Zolul(2, 3)
B THE ZAE ¥ Ha FHOE U AdH oz A dextran A9 2 34,
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Fare) gAAN, Folu MHAEF ® 7
AE, A% 2o 2@ oz, sPFF ER
olt. AEA(4, 5), E8 W&, A, A=
g g HEE), 2gn AEde &8
sta) wlze] gv|e} XS F& HI/MAS
ea A, 9, Ay Sol Wkstel A4S
2 wxstn dAe Z7MITIEH AR
(7). £3] pseudoplastic® A& A& &4
of uj$- FQ 3 g3 au), FHAH AHA
agln we pHelME HErh 27l wEel
ice cream®} sherbets®] %3¢ A sstel
gojyt &E 74T Utk 53 REoE
= BaE 9ol e Pl e "
FE2EA04 o8 AMEEHE, 7, 8).
Leuconostoc®] dextran 434S dextransucrase
o] o3 71249 sucroseZ%-E glucose?t ¥l
slo] Zgutgo) oa n¥Ate] dextrano] 4
Agit}, Dextran £9o] i s&e] AHL
Morris (9)°l o AL, F F=olA
] dextran®] #4H10,11)¥} dextran-engymatic
synthesis media®l %33 54(12)] 4+
59t} Polysaccharide gels AtolollAl vHett
= 32XA9 ol thdHEA cross linkage
L intermolecule®) 4294 Aol A oE
8m), o] A& polysaccharide®) 3}8H2 30l
©]#&3}3 chain segment junction zoneolA]
guAsle] AsAl oEshs 54HA T
zE 7}Qo] waAch A7l dextran B
Aol #BE A= RS Leue mesentervidesl
o3 dextran AlAdoll T/ AFEIZF HF-E
ol:, el AEAEQ AN &
Leuconostoc citreunPll  21% dextran A2kl
g A7e vug@ Aot wEkd & 47
o)M= AN Leuc. citreum S5 #FE &
2, $4sle] ®alg #59 2%, pH 59 o
FzAL ZAES:, o #& ol Aid

dextran 'MEEe) Ealsetd W@E B A
Z 9 74 aAEAe) $EES EoluA

3=
Material and Methods

Mz L Al

#Z %] AHR-E 7]EuAE= Difco Co.
(USA)®] MRS broth® AHgstdck. 1&4E4
£ Difco Co.(USA)E AMg-3ldx, &5 &4
oA @ o& 2 7Et AL Sigma Co.
(USA) 2 AZo] A#sEe 53FE 798
o] Agsigdon, wixl HH A A8d ©&
A9 2 AL £3 EFF oS ARSI

zF9 &2

AT EXuE FAF FH5 & YA
% 1 4& MRS #d Zdo|Ed =so
30CAA 4N S wgst FA4E AY
e #38 Ad Esigch o] F platedel
A HAMo] & TFE 1A¥oE MdHsin,
718 wiR|ol A BEEAS W, BEFIF B
A Aol 853 #FE Adste] ¥ APl
AHg-3tge}. Belg #FE sucrose’t E3d
agar plate 914 30T, 2421zt A wigsto
GA8A7 &, & colonyS WA BFEE =€
B e (2% sucrose, 0.5% yeast extract,
0.25% tryptone, 0.25% K;HPO, el HAE
& & 30°C incubatorol A 24417t A WAl
7A Argsiact £33 FATTFEE Leuconostoc
citrem KCTC 35267& @=ZaysoM +
sl njmw #F2 ST

2 Y

#7274 & Qs A% ATWAR 20%
sucrose(w/v), 05% potato powder(w/w),
1.0% skim milk(w/w), 05% KHPO,(w/w),
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AT FA oA L2l & LT PSS 7MAE ARF Leuconostoc citreum S59] #2] 2 54 3

0.02% MgSOs(w/w), 0.1% CaCOx(w/w), 0.2%
yeast extract(w/w)E& &3] 121ColA 15
7k E3ste o)& B uwig wiAE ALL-3
th 7)o 2elE wjFNE 5% HIleto, 4
A7kl A 48A17F E9F 30T incubatorol A i
&t

TFEo| HiYEHY, Malste W MelsiEel 54

o5 el AHE-E 71EuiA= Difco Co.
(USA)9] MRS brothE AF&-3lith 23894
2 Difco Co.(USA)E A8, 7 o8 &
718} A¥L Sigma Co.(USA) 2 APl 20E
kitE A&ttt

=TT "eisty Y

59 Je AL A3 MRS broth agar
o 24AI1ZF w3 HAE 60, 70, 80, 90, 95,
100% ethanol2 QAH o2 FE-E A|A3}o
SEM(scanning electron microscope, Hitachi
S-4200, Japan) 2.2 #234Ach

X|HAF ELA

T AE At 2A4& 98 MRS broth
agarol]l 30C, 24417t w3t FA 9] AAkg
Microbial Identification System (MIDI; Microbial
D)e] A o3 F&3h A&k

pH, A= &3

pHE Z$EES 1g¥ 2o} F/F5E 5 mL
2748t vortexdt ¥, pH meter (Digital pH
meter 420A+, Thermo Orion. Beverly, MA.)
£ ARgEld AR, AR A== pH
meter2 pH7}F 839 =€% wj7}3] 0.IN-NaCH
2 HAG 28| FE lactic acidFF (%, v/vV)
o2 3iayt

BxE &3
AArE dextran LA E2] == Rheometer

System(HAAKE RheoStress 1, Germany)®l
spindle(Platte PP35 Ti, D=35 mm)& &3 3ld
measuring plate P61& A3t FA st
ZALE 0ToN ASEErE 1-100s'9) ¥
AN A=SAE FA F554E Lok,
H2EAF} F5AF 2 Power law model 7}
Herschel-Bulkley index2 743ttt

A

1

YAEZ Exi2

HI

Yrede) Hid EAZFH ML Shodex KB
805 column¥} RI detector(Waters, model 410)&
]84l GPC(gel permeation chromatography)
£ o83 =AsNrl. Y2 FFEHL
American polymer standardsAte] A& Alg-
343, o)FHe2 0.IM NaNO;E #% 1mL
o £x2 E3FAC

Result and Discussion

zFo| 22| ¥ s

Leuc. citreum S5 @50l ti3t wjgs], A
253, Astety 54 R G o844 Table
1ol Yeplidc}. #8]¥l @5+ L-arabinose,
D-fructose, D-galactose, D-glucose, D-mannitol,
D-sucrose, salicin §¢ 3&2 o|&¥ + 2l
= Ao YEltoen adonitol, D-cellobiose,
raffinose, L-rhamnose, D-xylose®] ©]-&4<&
e Aoz vepgr)

23 579 e 542 Fig 19 A
248 u| ALz 2] AE 27]= ¥ 06~
0.7%1.18~153 m¢l <& oG] Zhtol
o, HgEE EHozE EAYEIAOM, #F
A AR HAE LEFFgqME 15~30T
A el F&sHEl MRS g vix A=
e # e PR, =& YA
£ Jehlle 79 JEE FAsisled, 52
2 EEY 3L Jvehidth
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Table 1. Differential phenotype feature of an

isolate Leuconostoc citreum S5

el Strain Leuc
Characteristics S
Gram reaction +
Growth temperature 15<37C

Rod, 06~0.7 %
1.18 ~ 1.53um
Aerobic condition for growth +

Shape

Unaerobic condition for growth +

Mobility
Voges-Proskauer test
O/F test
Catalase

Urease
Gelatinase
Citrate
L-arabinose
D-cellobiose
D-galactose
D-mannitol
L-rhamnose
D-sucrose
Adonitol
D-fructose
D-glucose
Raffinose
Salicin
D-xvlose

21-Jul-06

Fig. 1. Scanning electron micrograph of the

strain Leuc. citreum S5.

C A9 .

o] 2l

A

DNA®] GC &g-e HPLCE
TR Leuconostoc citreum
gheko] 41.098 mol%<l #o]

T 4145 mol% 2 A

o

-

=¥
ﬂ%

A 2 A4 BHE $sl
Leuconostoc citreum KCTC 35265 &7
A%t AE Table 29 YERWRAAL, 5
B5 CI60 2 CI181 wic?t 8 X]“ow‘
#HALJ D, F w5 FAR B4 A8

e,

FAEF

']L

-'; er -IN HE r&

=

Table 2. Analysis of cellular fatty acid components
between Leuc. citreum S5 and Leuc,
citreum KCTC 3526

Al Leuconostoc  Leuconostoc citreum
A rbat citreum S5 KCTC 3526
Cl4:0 6.48 561
C16:0 29.43 31.20
C18:1 w9c 22.35 14.26
C18:1 w7c 8.92 6.99
C19:0 cyclo — &
8 15.85 2091
259 g3
Leuconostoc citreum S5 72 120 u}
& WE YR dobny] Sls) e o)
A gEg gule) Mawe YREE Z4s

1 Leuconostoc citreum 3526 3t
vl wetu) 25CelAM Es)
P2 9 N 2L AxRE e vEIR 3
0Cet 20T WEoMRE W& Algke] Aol
w}e} e A x- a1 Leviconostoc
citreurn S5 w7} FA W52 Leuconostoc

A3, FAEFS

Fslo] Aol %

‘,‘—j 3 - -E,—].
=21

=97 =



AE 2o A gk %o 9AsEd YA5E 7HAE ATF Leuconostoc citreum S52) #-2] 9 54 5

citreun 35268 0f BE 2 FHolAe HEE
o] 953 =& Aow el

20 = O 30T Levc, citreum S5  ==X==37T Leuc. cilreum 55
=—t——20T Louc. cilteum 3526 —O0—25T Leuc. cllreum 3526
= 0= =30C Levc. cilreum 3526 ~—=-— 370 Leuc. cilreum 3526

Fluid consistency (Pa-%)

0 24 48 72

Fermentation time (hr)

Fig. 2. Comparison of consistency of the culture
broth fermented by Leuc. citreum S5
and Leuc. citreum KCTC 3526 at
different culture temperature.

pHe| &g

Leuconostoc citreum S5 2F A<
Leuconostoc citreum ATCC 3526 #F5 o]
|3te] WEE AP LFEY Hxx W3}
E goln gt} 7)1 wjA| 9] pHE 598 =4
5 &, HE 48AZ Fo| HEREE vty
vl pH ZH& 8hA ks wl 7] ujA]e]

[T PP B FE— .

-~

B

© 100

&

X

= |

£ " 1

bl {

< |

H

< £ |

2

e !

g {

o i

(X3 40 ‘
] i

5 3 7 7.0 (controf) L 9

pH

Fig. 3. Comparison of consistency of culture
broth fermented by Leuc. citreum S5
and Leuc. citreum KCTC 3526 with
different initial pH.

pHe 788 Yeplidoh 2E 3 F=xEE 4|
wd Axk Ao R Leuconostoc citreum
S5 #FE o] &3 E o MEE7 BA JE
won 53| Leuconostoc citreum S5
pH 7914 101.36 Pas"e] 714 £& HELEE
el A} 8, Leuconostoc citreum 3526
45 o] 83t WE S wlelli= pH 604
pH 97}A] X5 u|5:gt Ax2EE ello] 7
57t @4E JeRdE pHe W7 b2 A

< ¢ F Ak

-

EtA ol FE

Leuconostoc citreumn S5 52 §H2-919]
dEs AN 98l pH 72 248 7] )
Aol ohEk ehag-S 2%(wv)H H7lete] 48
AlZE L EAIZ] & JAE diEQe] HELE
ZAsETE Agel ARE-gE ©@aU2 glucose,
mannose, xylose, saccharose, galactose, fructose,
maltosee|th. Fig. 42 A3}e} o] saccharose
g FA7Ei9e o, SaEe HAxErt Bstoy
control Bth= gkol ot & 5 Leuconostoc
citreumn S5 ©HE ©291e] Hzpol| wE g
4L gle Aoz et

Consistency index (Pa-8)

Carbon source

Fig 4. Effects of carbon sources on the production
of dextran.
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HARO Y

Leuconostoc citreum S5 ol gk 24
o) Jake FAFsl7] $18] ammonium nitrate,
ammonium sulfate, glycine, potassium nitrate,
tryptone, urea, yeast extracts o]8-&lo] <o}

wott}, pH 72 FAE 7] vzl g]e] 2
_d‘:f?l 58 ZH 1%(w/v)d A7kste] 4841
MEAZ F AR WEEe HERLEE RA
algc). 1 Ay} yeast extracts H7HE W
iR o X} w7 958 we AE 4 7
olo] ¥ {3 Leuconostoc citreum S5
108 yeast extract® H7FS wl Aol
Be Ao g YEytt.

o b 4

70

60

50

Consistency index (Pa-8)
- N ©w o

o o o o (=]

|

[

3 o = ¢ © N g
“ S P o a®
& s & &
& @d‘ & A
& & 3
A s & ?

Nitrogen source

Fig 5. Effects of nitrogen sources on the production
of dextran.

22X £3

Leuconostoc citreumn S5 108 Leuconostoc
citreum ATCC 3526 #F5 o] &8t A4t
¥ wEEe Eage SAs wdck o A3
¥ AFE o)&gs u, 1,300 KDa¥l 2100
KDa®l ¥#A}akS 714 dextrano] Al4ty]i= 7l
S oF = QAL Leuconostoc citreum S5 1
F5 o] &S ulol= pHell Augle] W-abEF
o] 1,300 KDa%l 2 size®| dextran®] °]

o) 4]

A2 9131, Leuconostoe citreum ATCC 3526
#FE o] &3S o= pH 58 455 A9
Shar, Eapgko]l 2100 KDafl %>
dextrano] A2bE &= & & 4 AUk

size 9]

4 B

A% FAWeA 2 w2 HAHE Y
e #S 8l Leue citreum®.® &7
st on, o|E Leuc citreun SHE 48331
t}. Leuc citreumn S5 FEE, A 54
o) Leuc. citreum KCTC 35263 frAFSH L.
o], & #F X5 CI60 ¥ C181 wic7l 8
AMbato & pAE Y}, Leue citreum S5
F& 25C, pH 794 71 28 AA4E e
o] #59] #A4S L’rE‘rIH‘ HA zHdo
ez, AgE ol &ste AFEAN gLl

% saccharose, 24905 yeast extract® 3

NPe o) wEEe] Hxert 953 Eob o
= olgsh= Aowm el 3 Leue

citreum S5 T wARFO] 1300 KDagl vt
& size?] dextrand Wol AL, Leuc
citreum ATCC 3526 i+ wAe] 2100
KDa?! 3% size?] dextrane *&‘*‘f's}ﬂ ot
F7 Akl wtggoe| Wajgke] =7)7b Ak

o7} A& ALz eyt
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A Case Study on Calculating Turnover Cost
of a Foodservice Organization

Mi-Kyung Choi
Department of Food Science & Nutrition, Collage of Natural Science,
Keimuing University, Daegu 704-701, Korea

B ATE o2 A Fusle ulg 848 ZASn AddTE Fa A4 A6l o} of

o B8 A A3 o] Hu &L AA H A&, HEu &, BE-FHHEoR
AL AR FEE3} o A4F PHS Ak At AT A A olHu g A& A, 3
F 9 ATl W} A% 139%87.9%% thFstA detiedl, ol AH o AL dy] H &L 49
9 Aol we o o F4E B

Abstract. The purposes of this study were to examine turnover cost factors and to calculate
turnover cost of a foodservice organization. Separation costs, replacement costs, and training
costs were found out as turnover cost factors through literature research. The overall turnover
cost for an employee of a selected foodservice organization ranged from 155% to 88.8% of the
employee’s annual salary. The ratio of turnover cost per annual salary were differ with different

periods of employment and annual salaries.

I1.ME

2 8L He 34 4L A
B QA W A4l AHssEn sl ash
A A¥adel tg Aulx FQ AN, 24
FHE AL Sl B =P vngy 723
olfoiA gl W, WRLA F FAL
He 1ed AxAdBells Agos B
A% 271 G olFolqn gl ARHoz
Aol £ HAE 27 21, ¥ AF, AHY
4 94 $o2 s ¥ oF§L Yehin
AN, AALANNE AATF AHuiz

2Eucthe oFo Ad AYREo| Fbel

I AK2). olad oA Jle FHE& ¥
A R Y-S At ek ope, o
el A" sl olojA 3 Qle).

o] & (turnover)ol gt 8olE A7tz A
g8 & o FHHeg ‘2HoIRE F
AH B2 v JE JiQde]l =AM F
AARAE 228 FHs e AoZ AR
2 olFsle Rolghz 9l o1&l Fd A
T thdo] o] stttk §ele ]3] FoM= 1
479 ule} zp#A  o)F(voluntary turnover),
"] 223 o] 2 (involuntary turnover), ©71%
o] 2|(functional turnover), ¥71%# o]3
(dysfunctional turnover), E7}93% o] 3
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2 Hul A

(unavoidable turnover), % 715§ ]3]
(avoidable turnover) S22 ¥-F2 F v}
(3, 4. °] F =A9 7% IS F F
NodA AR E F8A FAaAE F Ue o
z), F AL Ar1e3, B4 ted ol
gk Aol Aoz gkt

ojZo] gt AT v W 7|7t Ft
B2 g5 o3 s gk o)F #AA
Z718 ATEL FAY HFAF, 2AE
Y, AFUE Fo| oAt H e FFE
AR EE RAEo] ko), HA AAF AF
Adert ARA dAEe} BHAol UFE
HAFE Aol 3R LEG, 6), HZ &
ofAlE M| w|FI A ojFoz QI
- 5784 &48 A Fa4de A
A1 ZstEA o] Au] o] g AT7) Frlkstn
ATHT7 ~13). 53] Cascio(7) ©1&u]E 5 <
o] FHd9 el HAL vugo FAZR
ollel FAl7bsd |4 848 #e|FozA
AHAPoz AF v g Fa3y] A3 @
Wit 2238 Ndsied dun FxFge
24 o|Au) g2 FHo] Az Ayl
A 88 F e 23 2498 AAEIN
th. EZ Slade F(14)& o7pA BA
(rewards) Alvte]eol wg FAIe o4
F 710E Hebsta, Y XEEZCE A&
g Z5e] vEg oA LA AQFHE HE
F vngo e Haie] 3 FxE A
J8g vlolaR AT ES] AL E B34 H]&
Mg B3 uNeAY A £He FaXy
& Zzxs9rt

o|FN§ FA Al Uyl oz FAUe FH
AHRE 1Y FU7bR|9) Axle] AREHE 3
HAHQ vE Ao FH-g& FAct olgld A
3, EE 2FFHA ZAY(conservative
estimates)ol] 93 AF-EolA Eld FAMY

1202] o]zu &8 $1,500~$3,0002 H7H=EA
th(7, 15). Hinkin¥} Tracy(11)& °l&lgd AH
A FAYM e FEE 9o AYoz 7
v)g, At gzke] vl RFo g g WAL
A Asl, TaAdee] 4% Wi 5 A
A8l v)E(lost-productivity costs)& F7I&
ZFAA wlolefn|} 78 A 4] 3EE
o2 olu|g& FAs:. 2 Az, 1
AF o)AH| L Fx F AFPeo| ule} H
T $1,332~$7,6589] WL X E vehidE
g, 7]&3Ao) wlsl A8, front office,
housekeeping #4¢] | &°] %%k, Fd
ojFdlon HAFEe HA Fog IHF
34, 3o T& Fol AA F29 Q-2
#eE B3 ol L& HaNE F U
A8t ot

FUdME 398 § AHAY vFo] ¥
< S FHORE oA} FAF} A9t &
3] FsPslo] grork(, 16, 17), o] Fulga
g FAAHJ FU AFAlele Fohur] 3
. 9= fevehs 2AEE, =AM
g, AA T RE ZAo] Azt uR QXA
Ao doiMe FAHQA S A7 =
Al Fas

mEhA] B AT E Ay AFES F3
o|Au| 8 FAE 9% & 84F FAIR
AHEIAT-E B3 QlAdAle] o] o] LA
Al Futsle &AE FAGHIRE et 7t
Algtgto 2 URolAE £l glojxe] A

e ANstaz gt

I. g7 W8 A Wy

1. EBAL ti o 712

olZu]& A AIATE & dFAWY 1
N QAPJAE AASA AARE] AL A
)& didez AEHH(in-depth interview)
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2} QLA o] A ug AbFel dlF Abel 1 3

o ANk =4 A 2008 79 119 A5S ¥dteks 24298 (open-ended) A

ol E@zAME Bal AN pxIE AT AS s ve aa5e =A H2v)

A Bz uygs Aasiu. &, Agng g - Fdugo sEnee &

A, ARATE 23 2AE LS Boz

2, A7 U8 ¥ BN gy o2 Al FulE: AA H|Ro] A&Fu}) A
AEUAHA 94 ol W olAulg BA Mz A olgH Foish 2EUSE A

U ATEC 10~19% B ANE e 5 Aye) 5U AF FEAR oA

A 7|EHeR FEsoop 3 ug aaHo

&l Ak, U 9Aedae] AL uked 0. ZHo o o

/\].;a ul-rﬂg_ ;H :;!Lgl_c:l L]-

%) 9}
d 2AE Fol o4 A usi wgoe O HE 2L RN
] n)E-

2 BAE u)g 9AS(EAMEE HAE 8 ¥ ZAME E8l A AgE o)A v)g
AQE HAZ HA T v - L 9__-_3 F 1o Yeliig. AFHA o]z H|&
AUAAAYYR, AFRH, g, g, 1 S2ERE A=A A, S 349
BAA, AEE gAQRE cadgeld z+ T HAF el 285 HHnE, 2y -3
Z ARUE WEEA 5 oA Fabge) L ANRE GAGE QAR Ak 3
o]zl dl olgl A A HaF ¢lHaty] z} j_v], AQE, 71El o)Al - AN L, FUFE Tl &
Aol A ﬁ‘-RE]?:; $=2l)ol| e A wheli Q5= AEv)E, a2 vAgoz ol
el F4E s, o] & AAEr] 9 }] ol d, uj A F WH(on-the-job training), 1l&
N9 FuG % 2w case gay AR AT S 2e8E 6% gANE §

A a4 vg, B4 A e 59 vga ) A

I 101 vE as

H-8 82 ] &
B AA A Arbebg At 1m], BAapa 1w, #d 28 E3
Al
Na VTR 939¥ 994 Aav, 84 28 84
H A WA B4, e EANRT §)
54 - FaL LA E, 2 dd As/Add ug, adn
Ad B4 G4 e, #d aa 24
jg A A WA EE A, 2F], Staff 3], #H 28 &3
YAEE G TG A, AAAA E, AF FrE
71k oA - FANE AL, FUE 5
"y EEEEEE ST el S S A AN Aan, A =4 A,
a T E RS el 28 B
- .. OJT(On-the-job training) o = o i
;{-E A F 2 w8 s b S A ) P s et R S
I 2% AR SAZA AR, 6 Ay 4d ATA 5

(Cascio 2000; Graef & Hill 2000: Hinkin & Tracey 2000: Simons & Hinkin 2001, McKinney et al. 2007)

s QY =



2. ZACHY Aol UEHE ALE

Al A5 P18l e AR fAe] o
W ARRRE: 35 200 AlAlERCE ol Aol <l
He dAgoR i duls ¥ B A
7IF A4 8000¢), A4 1500090010 3
A g 1204, i Al FAY 11 af
g 7Hx 9len dddse 1540134 olF
|8 AbEo »\}%El &*}“ a3 algsdA 4

T wo] 9 it 2S99 3 30 AlAERE ek

® 2. ZAHHAY A9 AnbE Abg

Bl & u £
<] & 32 v
Hat Mesb AT 8,000%!
(F+ =8 214 15,000
#4 F 1204
e RS .
()32 A2 '
A 154
¥ 3 AFE g Fo(dyAaxg) 9@ gyt
oE Ay

r

e ax % OA zam AW s
2 o :
e

AF(HQ) 1,500
T o

2,000 1,300 1,200 1,100

10 10 3 3 1

FHu A

3. O|XHIE &

T A= A A AR FR . A
o] 2 H]-8 AtE Zyfo|r) A& dAE B3I *
AFE Q. u)g @4 F QR FE(FHAlY
AT, Ak PP, SAma 97
Y, e dElel, wEAn 59 B A

AAel HESHe A FTAHoZ g
F A1g AR X AR o|Fu| & AE
Al Ales et i AA7E FaarRe] €]
JAQ BAR A F-of el wp} apHziE
B2 A, us - FQ Axrt o] Fo|Aa gl
A= ool FUg AE WE HEsidlen,
AR-AHQ AHE W v 8 E Yge £ 5
o A ABFATHZE AL 7)),

FAL 191 oA FktEate] A
21,307,00091(Q & thu] 87.9%), EvivlAe] 74
§- 18936,0009( % thv] 87.7%), Z=z]Ale)
739 4,891,00091(3 8- tiv] 31.4%), Mvje] 7
T 4,44500090(18 v 30.9%), ®x=e] A
1,340,000 (A5 thy]  139%) 7he] ]
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Calculation of the Sunset Diagram with Two Different Masses

Chungku Kim
Faculty of the Mathematical and the Automotive Engineering, Keimyung University, Daegu
704-701, Korea

2 <% FE potential® T3t HAHAA veld= o2l )& loop order vacuumEd F
HEAQA ME & F FFE 73 sunset=8 9 4ol distel, momentume HZ# Ay
& A Edo g g AZu)o ZHe-o g ALE Aot

Abstract. By means of the asymptotic expansion for the momentum, we have calculated the sunset

diagram which is the typical two-loop order vacuum diagram to obtain the effective potential.
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