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Improving the Signal Fading of the Fiber
Interferometer with the Fiber
Depolarized Modulation

Ton Ko AND JAN-FAN HWANG

Fu-Jen University, Physics

ABSTRACT

A Single-mode fiber polarization modulator was empolyed at the
input end of an interferometer to reduce the signal fading. The results
showed the optimal angles between the direction of polarization of the
linearly polarized input light and the optic axis of the fiber polarization
modulator were 0 or m/2 for reducing polarization fading and z/4 for
suppressing intensity fluctuations.



s i ae,
gy :.‘;-.II.-’Q- I iat I.I'- -
: ‘I- r..' - PI -I| o v ! B g " N 1
. B I P L RS

1 B m 1 ¥
_I” : - .,,u.,'].

, :@ﬂ?ﬂfﬂ mﬁ!i&mt—#qm T Pl h e

- apifE -.ﬂ. , i'-, A .h“l"' Lt

-,%.r.'ﬁl ET *q $ '_'gl-_{";g_?lpi’*‘#i -e:' uﬂ: ﬁ!"f{.: =

'. ‘il 4 ) B

v/ B AT PN DT L o 3 Eﬂ!*l'l,.i-..-nb-“i! s 43?"' g,ji; Tag

n L.ﬁéw f».ms* '... .«u..gwf.h,pﬁﬁ ST '_,p R b """? -
' 2

a.
_,.'n"iu e i‘r”‘ ",ﬁ-ﬂw&-ﬂ aaT plnel i"'u;'r =".".'; =8
o . LRl R e e W L mwidetyy = .

-I-"

&
(|
. b

= -.n:'r'l--e.r.. Ear e u-.urq' ..ﬂq;-l' 1( ::-m !in-. L
-I J- - "‘I I:".J- 'dl-j -1 -‘
Hﬁ Eﬁ ﬂlrlmlna'. 1 IIF Jl_ﬂ _’fﬁ |l‘hq zﬂ uf I‘hl f” -

- # |m '-I' k'll.i-L ."". ﬂh" | H'E?]- o

e Yo B 8 %#W
. @ﬁ’w LR e -..u ;.j’-:!ll;rrl nlni-lm.'l SO,
T :WM ‘-'ﬁ L "‘I@ |ﬂ'.l‘ 1"\‘ lbuu"ﬂll i .

e F Wi Y g K d linmt? vl guiiﬁ-ltiﬁ"

N L s e vp:-amﬂrmmmi .
B t-r-'ﬂhrw-!'l :

*ﬁmwtnmlfw iv" 27

‘ i R T I LD ot TR R S
. i - = 1
i | B ‘ i [N} (1 .
. ‘ N . g - I
e el LI . [ =g b - EIRIE
a |' -

St ety o o mmn , ' S .

B i I" N
' l:' I| '. “u . -.l " .

3" b H%u i el -l'nl-,.'lll{lﬂ'.. a4 < ﬁﬂf-,ll.f Ve -
t.ﬂ'-q,-v-mf m‘ i el ll-l“lli. AR IRTE S l'nlll [ s h“.hﬂﬂ
78 T wpligieing 1% itk &l s b S nimey *-.-.'-1'.1',5"' 4
".l 'l'é!'l-‘.ﬂ'iﬁﬁ V- Im lam Zpt ra, ARC Gyl e poalind & ileeall - ‘.
- ’M-l‘"»l Tes WY antra g el w1 im-a 'l Sl L

?&_- o S s e -l'.'lul'ﬂ'l'l-'""‘FI"I "IM'I-‘"‘W"?F

Fal . NI . . .
S N . =i et
f 'i- i - A - . . . N

|4 L] 1 =1 1 - - N [

L e s = ' - " 7 L i N




A STUDY OF THE POWER SPECTRA
OF SUMMER TIME AMPLITUDE
SCINTILLATIONS IN TAIWAN

JouN R. KosTER AND Hsi-Suu Wu

Department of Physics
Fu Jen University

ABSTRACT

Continuous recordings of the night time scintillations of 136 MHz
radio waves were made at the ionospheric physics lab of Fu Jen
University over the period June 13-July 6, 1990. The S4 parameter
was determined and power spectra produced for 636 of these records.
A novel method of classifying power spectra is developed and used.
A study of occurrence times, S4 values, asymptotic slopes and the
characteristics of the power spectra lead to the conclusion that only
a small fraction of the Taiwan night time scintillations during
summer can be accounted for by the equatorial bubble (EB) mecha-
nism. The remainder must arise from a different physical mecha-
nism, the nature of which is still to be determined.

1. INTRODUCTION

(1) Scintillations

Occasionally the radio waves received from an earth satellite or
a radio star exhibit scintillations, i.e., rapid variations in amplitude.
Scintillations are known to be produced by irregularities in the electron
distribution in the E and F regions of the ionosphere. They are very
frequent and severe near the dip equator, where the earth’s magnetic
field is horizontal—conditions favorable to the production of electron
density depletions through the so-called Rayleigh-Taylor mechanism.
This type of plasma instability, frequently referred to as an “equatorial
bubble”, has been extensively studied, and the physics involved is quite
well understood. We shall refer to scintillations caused by these
depletions as Equatorial Bubble (EB) scintillations.
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Scintillations also occur at middle latitudes. These are usually less
severe. The physical mechanism giving rise to them is not known.
We shall refer to scintillations of this type as Mid-Latitude (ML)
scintillations.

The work reported on here has been done with a view to ascer-
taining what mechanism is responsible for the amplitude scintillations
observed on a 136 MHz radio wave in Taiwan.

(2) Scintillations in Taiwan

Scintillations in Taiwan have been studied by a number of workers,
especially by Huang®»®. He has shown beyond reasonable doubt that
much of the scintillation observed in Taiwan, especially during the
equinoctial seasons, is of the EB type. There is little scintillation
activity during the winter months in Taiwan, but scintillations, especially
smaller ones, are extremely frequent around the time of the June
solstice, a season when the bubble mechanism is known to have a
minimum of activity. This paper addresses the question of the origin
of these summer-solstice amplitude variations observed in Taiwan,

(3) The Characteristics of EB type scintillations

Equatorial Bubble type scintillations can usually be identified in
the chart records of the amplitude of the radio signal received. The
characteristics are:

(a) The scintillation rate is high—typically 1 to 10 Hertz.

(b) The onset of the scintillations is abrupt. The record changes
from no scintillations to severe amplitude variations within a
few minutes.

(¢) The cessation is usually abrupt, also. But it does at times
exhibit a slow diminution to zero in both amplitude and rate
of the scintillations.

(d) The value of the d.c. component of the signal is somewhat
reduced—the scintillations rise above and below a level some-
what below that of the pre-scintillation record.
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It is sometimes difficult to classify a particular period of scintil-

lation with certainty.

2. THE MEASUREMENT OF SCINTILLATIONS

(1) The S4 parameter

One of the widely used measures of the severity of amplitude
scintillations is the S4 parameter. This is defined as the normalized
second moment of intensity. Since ‘intensity’ involves the square of
the amplitude, its second moment involves the 4th power of the
amplitude of our received radio signal—hence the 4 in its name. The
details of its determination need not concern it here. We merely note
that it is done in a routine way with the aid of a very simple computer
subroutine. Values of S4 are normally in the range 0 to 1, with 0
indicating no scintillations and 1 indicating severe amplitude fluctua-
tions. In practice, in this paper, S4 values less than 0.1 will not used—
they are too small to analyze with accuracy. Values above 0.5 are
considered large scintillations. Values above 0.8 are ‘saturated’—so
large that the S4 value has little numerical significance beyond the fact
that the scintillations are too severe to be determined with accuracy
at the frequency being used.

(2) Power spectra

The power spectrum, giving the frequency of the amplitude
variations as well as the amplitude at each frequency, is a powerful
tool in the analysis of scintillations. Koster and Peng Wang® have
shown that the production of good quality power spectra is possible
using radio signals from the satellite source ETS-2. There is a problem
because of the existence of some spectral lines due to the spin of the
satellite. At times of high scintillation levels, these can be ignored,
since their effect is negligible. At times of smaller scintillations, the
interfering components may become a significant part of the total
energy involved, and it becomes necessary to remove them before final
analysis. Their presence makes it difficult to analyze extremely small
levels of scintillation with accuracy.
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The power spectra described here have been produced using the
maximum entropy method. This method is somewhat faster than the
standard Fast Fourier Transform procedures. The two types of analysis
have been carefully compared, however, and the agreement is excellent.
Spectra are normally presented with the log of the spectral estimate
(energy per unit bandwidth) plotted as a function of the log of the
frequency.

(3) A Classification scheme for power spectra

We are faced with the task of comparing a large number of
individual power spectra. Some general classification scheme is needed
to enable us to do this clearly and efficiently. A glance at a typical
log-log power spectrum suggests the basis for a novel method of doing
this. The shape almost invariably approximates very closely that of
an inverted hyperbolic tangent, the equation of which can be written

in the form:
Y=Y ,+Atanh (B(X—X,))
The four parameters have the following simple interpretation:

X,, Y, are the coordinates of the center of symmetry of the

hyperbolic tangent;
A is the amplitude of the hyperbolic tangent; and
B defines the slope of a hyperbolic tangent of unit amplitude.

The slope of the spectrum at its steepest point (the center of

symmetry) is given by:
SLOPE=BxXA

Fitting a hyperbolic tangent to the experimental points of a given
spectrum is an interesting exercise. In this analysis a function was
devised which summed the absolute value of the distance between each
experimental point and the smooth curve. A standard minimization
routine was then used to find the minimum of the function. The
method is conceptually simple, but consumes a great deal of computer

time.
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(4) Data base used

Fast data recordings were made during a 9-hour period on a
continuous basis on 21 nights between 13 June and 6 July, 1990. Data
were stored in files of 8,192 points each—the sampling rate being kept
at 24 readings per second. Each file was subsequently investigated. If
its S4 value exceeded 0.1, the file was retained for later analysis.

Not all such files were analysed, but a sample of 318 was chosen
for full analysis. Since each of these yielded two power spectra (we
used 4,096 points for each) we have a total of 636 power spectra—the
data base for this study.

In the course of this three week period there were three large
bubble “events”—periods of obvious bubble type scintillations. 92 of
the 107 spectra with S4 greater than 0.5 fell on these three nights.
The remaining 529 spectra represented modest scintillation levels, with
no indications of the bubble mechanism being at work.

3. RESULTS

In this section we wish to look at results of the analysis of the
636 night time records of summer scintillation at Fu Jen University.
We will look at the S4 values, the times of occurrence, the values of
the center of symmetry of the spectra and the asymptotic slopes.

(1) The Distribution of S4 values

Figure 2 shows a histogram of the distribution of S4 values for
the 535 cases where its value exceeded 0.1. There were, in addition,
101 cases where the S4 value fell below 0.1. These arose since files
were chosen on the basis of the total S4 being >>0.1. But in the
analysis, where each file produced two spectra, it sometimes happened
that the S4 for one of the half-files was below 0.1. These latter are
not shown in the histogram, since their number is not a fair estimate
of the total number of data sets with S4 <0.1. The actual number is
surely much higher since, as the histogram shows, summer scintillation
at Fu Jen is predominantly of the small S4 type. It is difficult to get
an accurate appraisal of the S4 values at very low levels, however,
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Fig. 1. The parameters of a hyperbolic tangent as fitted to a
log-log power spectrum.
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Fig. 2. Histogram of the occurrence of various S4 levels.

since the spurious spectral lines introduced by the satellite spin mention-
ed above produce an S4 value of 0.055 in our records, even when there
is no scintillation at all. Over 80% of the scintillation records included
in this study have S4 values <<0.5. This percentage must be taken as
a lower limit; the actual value is almost certainly higher.
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(2) The distribution of scintillations with time of night

Figure 3 shows the distribution of occurrence times by hour for
the 636 spectra examined. It should be noted that, as an aid to analysis,
a night is specified by the date at sunset. Hours then run continuously
from 18 to 32, the date remaining unchanged. The most probable time
is seen to be 26 hours (2:00a.m.).

120.00
HISTOCRAM : DISTRIBUTION OF SCINT. IN EACH HOUR.

100.0G

80.00

80.00

40.00

20.0¢ —“
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TIME (:howur)

THE OCCURRENCE OF SCINTILLATION

Fig. 3. Histogram of the distribution of cases of scintillation as a
function of local time.

Figure 4 shows a corresponding plot of the time distribution of
scintillations with S4 >0.5. Attention is called to the fact that the
peak in this distribution falls an hour or more before midnight—a well
known characteristic of equatorial bubbles. The above difference in
distributions is considered to be significant.

(3) Distribution of the centers of symmetry of the spectra

It is interesting to study the variation of the X, ¥, values during
a typical ionospheric bubble type of event. We show this in Fig. 5,
where we plot the location of the center of symmetry for the first 15
spectra obtained on 21 June, 1990. The spectra begin at 22:00 local
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spectrum with time during a typical bubble event.

time, and cover 43 minutes of time. Each point in the graph has been
given its respective number in the 15-spectrum sequence, so that the
movement of the center of symmetry with time can be easily followed.
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If one were to join the points in chronological order, the movement
would be a rapid clockwise motion at the very beginning, followed by
a slow and predominantly anti-clockwise movement back towards the
starting point. This variation with time is a characteristic of bubble
events, and will be commented on later. It should be noted that the
points lie roughly on the arc of a quarter circle, centered in the origin.
None of the points fall in the central region of the quarter circle.

Most of the spectra (428) described here were taken on days when
there was no evidence of the occurrence of an ionospheric bubble any
time during the night. The location of the centers of symmetry of
these appear as asterisks in Fig. 6. The location of the center of
symmetry during bubble type events (198 spectra in all) are shown as
squares in the same figure. A number of spectra occurring on bubble
days but not directly associated with the bubbles are omitted from the
plot.

2.50

LOG ( POWER/BANDWIDTH )
e o = v I
8 g 8 2 2

s

-1.00

i A0 YRR Y A AP S AP R S asc cdo 1o 1do
LOG FREQUENCY

Fig. 6. A mass plot of the X,, ¥, values for spectra taken curing
bubble events (squares) and for cases of ML scintillations
(asterisks).

(4) The Distribution of the asymptotic slopes of the spectra

Figure 7 is a scatter plot of the value of the asymptotic slope
(BXA) for each of the spectra as a function of the S4 value of the
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Fig. 7. Mass plot of the value of the asymptotic slope of the
power spectra as a function of their S4 value.

scintillation which was used to produce the spectrum. It will be recalled
that a spectral slope of the order of 2 is associated with a single scat-
tering mechanism; significantly higher slopes are indicative of a multiple

scattering mechanism.

4. DISCUSSION

Some discussion of the significance of the center of symmetry of
our spectra and its movement with time is called for, since this is a
rather novel method of classifying spectra. The center of symmetry

itself lends itself to a rather simple physical interpretation.

X, is the log of the frequency at which the power density
(measured in db) falls to 1/2 its maximum value.

Y, is a measure of the power density (db) at the mid range
frequency component of the spectrum. It is also half the
amplitude of the power density at the low frequency end of

the spectrum.
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A simple interpretation of the variation of X, ¥, with time during
the course of a bubble event could be roughly this:

(a)

(b)

(c)

Early in the lifetime of the bubble, the frequency components
of the spectrum cover a broad range (X, is large) and the ratio
of the amplitude at low frequencies to that at mid frequency
range is modest (Y, is small), This may be due to the fact
that only a fraction of the energy from the satellite is scattered
in the forward direction.

As time proceeds, the smallest irregularities (the highest fre-
quencies) disappear first, follower later by the larger ones.
More of the total energy is now scattered in the forward
direction, and the value of Y, rises as X, decreases.

The process proceeds until (as usually happens) the scintillation
abruptly halts as the eastward ionospheric drift carries the
westward edge of the bubble beyond our line of sight. Alter-
natively, the amplitude and frequency of the scintillations may
slowly die out, due both to a decrease in the ionospheric drift
velocity and the disappearance of the irregularities as a result
of ionospheric recombination processes. In this case, the center
of symmetry moves into the central portion of the quarter

circle.

5. SUMMARY AND CONCLUSIONS

A comparative study has been made of EB and ML types of scintil-
lation found in the records made at the ionospheric physics laboratory

at Fu Jen University. The main findings are:

(a)

(b)

ML and EB types of scintillation have a different distribution
of probability of occurrence with time of night. ML scintil-
lations exhibit a peak around 2:00 local time. The EB scintil-
lations have a peak around 23:00 local time.

ML and EB scintillation types have different 5S4 values, S4
for ML type scintillations is generally in the range 0.1 to 0.5.
The S4 values for EB scintillations are typically in the range
0.6 to 0.8 or even higher.
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(e)
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The spectra of ML and EB types of scintillation have different
asymptotic slopes. ML scintillations have spectral slopes in the
range 1.5-2.5; values typical for a single scattering mechanism.
The slopes for EB type scintillations are of the order of 5.0;
values associated with a multiple scattering mechanism.

The centers of symmetry of the two types of spectra not only
fall at different places on the log-log plot; EB spectra also
display a systematic variation with time not found in the case
of the ML spectra. )

ML scintillations have a large occurrence peak at the June
solstice; EB type scintillations have an occurrence minimum

during that season’

~ Our conclusion is that the assumption that the two types of scintil-
lation have their origin in a common physical mechanism is untenable.
The mechanism which produces EB scintillations is well known. The
mechanism responsible for ‘ML scintillations is still not known. We
hope to help find it.
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Computer-Assisted Instruction in
FFoodservice Management System

JonNG-YUu CHYUAN

Applied Life Science Departmemt
Fu-Jen Catholil University

ABSTRACT

For the purpose of assessing the effecttiveness of computer assisted

management with foodservice works, a computer-assisted instruction
(CAI) in foodservice management system has been developed. Althought
the original CAI design was placed into the educational framework, it
also can be tested determine whether their functions can meet the
purposes of each hospital or school foodservice practical works.

The main system consists of four subsystems covering the following

functions:

1. Inventory and Purchasing Control Subsystem: Food item and
purchase specification, inventory amount and recommended
purchases, purchase order, issue order, daily report of purchase
and issue, monthly summary of purchase and issue.

2. Food Preparation Control Subsystem: Menu list, standarized
recipe, menu sorting and combination, adjusted recipes, advanced
preparation list, advanced ingridients requisition.

3. Food Cost Analysis Subsystem: Recipe cost analysis, food pre-
paration cost reports, daily food cost reports, monthly summary
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of food cost, physical inventory report with food item cost.

4, Diet Assessment and Nutrient Analysis Subsystem: Nutrient
composition of foods, recipe nutrient analysis, personal body
record and nutrients intake recommendation, personal daily diet
assessment.

The CAIFMS program was developed with Chinese system on a
personal computer (PC) for easy operation. A licence from the
Copyright Committee of the Ministry of Interior (ROC) has been
acquired. The intented goals are not only to implement the education
purposes but also to integrate this program into a dietetic works,
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FACTORS AFFECTING THE STALING OF
BREAD: A REVIEW

B. H. CHEN

Department of Nutrition and Food Science
Fu Jen University
Taipei, Taiwan 24205, R.O0.C.

ABSTRACT

Bread staling, although resecarched for many years, has not been
solved. This paper reviews the role of various flour constituents,
surfactants and baking procedures on the staling of bread. Staling
is characterized by starch retrogradation at room temperature. Some
other factors such as protein denaturation and moisture redistri-
bution play an important role at higher temperature because less
crystallization of starch occurred at higher temperature. Amylose
contributes to staling during the first day of storage; and thereafter,
the staling is controlled by the amylopectin fraction of starch.
Also the role of amylose in staling diminishes as the protein content
increases. The higher storage temperature and higher protein content
decrease the staling rate. The primary effect of protein in reducing
staling rate might be due to dilution of the starch and not the
quality of the protein. Surfactants complex with the amylose
fraction of starch and thus decrease firmness of bread. Bread
prepared by the continuous-mix baking procedure tended to change
less in soluble starch and amylopectin as the bread aged when com-
pared with bread prepared by the conventional baking procedure.
The difference might be due to baking procedures or baking formulas.

1. INTRODUCTION

Bread staling, a major problem in the baking industry, can cause
considerably economical loss to both the industry and the consumer.
The consumer’s demand for fresh bread causes the industry to withdraw
all bread from the market after it becomes two days old. Currently,
stale bread returns in the industry are in the order of about 7.5 to
952 of production®, Therefore, bread staling has become an urgent
problem to solve in the baking industry.

Bread staling is an extremely complex phenomenon and is difficult
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to define in straightforward terms. According to Bechtel et al.t®,
staling can be defined as “a term which indicates decreasing consumer
acceptance of bakery products caused by changes in the crumb other
than those resulting from the action of spoilage organisms”. Broadly
speaking, bread staling refers to all changes that occur in both the
crumb and the crust of the bread after baking. The increase in crumb
firmness, starch crystallinity and opacity, decrease in water absorption
capacity, amount of soluble starch and enzyme susceptibility of the
starch, loss of flavor and changes in X-ray diffraction pattern are
changes occurring during the staling of bread.

Since the major component of bread is flour, flour quality has been
acknowledged as a factor in the keeping quality of bread. Flour
consists predominantly of a mixture of proteins (gluten), starch and
water in the approximate ratio of 1:6:5. In addition, pentosans and
lipids are also present in small amounts. Therefore, the staling pheno-
menoa might be considered in terms of changes among these components.
Wall‘® reported that some transitional compounds such as glycoproteins,
glycolipids and lipoproteins do exist in wheat flour in addition to pro-
teins, carbohydrates, and nonpolar lipids. These transitional compounds
permit physical association and chemical bonding between the major
components and thus might play an important role in bread staling.
The purpose of this paper is to review the role of various constituents
of wheat flour in bread staling with emphasis on the role of surfactants
and baking procedures.

2. THE ROLE OF STARCH

Numerous studies designed to determine the cause of bread staling
have indicated that changes in starch play a major role in causing
bread firmness. Cornford et al.’ studied the relationships between
elastic modulus, time and temperature in bread crumb, on the assump-
tion that the increase in crumb modulus is proportional to the growth
of crystallinity of the starch. These workers found that the rate of
bread firming could be described quantitatively by the Avrami equation:
f=exp (—kt") where & is the fraction of uncrystallized material remain-
ing after time 7, £ is a rate constant and # is the Avrami exponent
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whose value varies from 1 to 4 depending on the mode of nucleation
of the starch (Table 1).

Table 1. Values for the avrami exponent for various types
of nucleation and growth®®

n* Types of nucleation and growth
341=4 | Spherulitic growth from sporadic nuclei
3+0=3 Spherulitic growth from instantaneous nuclei
2+1=3 Disc-like growth from sporadic nuclei
2+0=2 Disc-like growth from instantaneous nuclei
14+1=2 Rod-like growth from sporadic nuclei
1+0=1 Rod-like growth from instantancous nuclei

* n is a combined function of the number of dimensions in which growth takes
place, and the order of the time dependance of the nucleation process (0 or 1).

Bread crumbs were stored at temperatures from —1 to 32°C
(30-90°F). These workers observed that the relative rate of increase
in limiting elastic modulus became greater as storage temperatures were
lowered towards the freezing point. Thus, the evidence emphasized
the importance of crystallization, a physical process involving a more
ordered arrangement of molecules, was the principal factor involved in
crumb firmness. Table 1¢? shows that the basic mechanism of retro-
gradation of starch is instantaneous nucleation followed by the rod-like
growth of crystals while the value for the Avrami exponent is equal
to 1.

Table 2¢ shows that data for the Avrami exponent and the time
constant for bread and starch gels are in good agreement. The time
constant is the time for any given fraction of material to be converted
to the stale form. These data thus indicate that bread staling is
basically characterized by the retrogradation of the starch component
of the crumb. Wright® compared bread firmness with crystallinity of
starch by X-ray diffraction and found that, for a given firmness
measured at room temperature, there was a higher level of crystallinity
for bread stored at 4°C than 21°C. This result demonstrates that the
firming of bread at constant moisture levels is controlled by the degree
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Table 2. Comparison of avrami exponent and the time constant
of bread and 50 per cent starch gels stored at 21°C®

Avrami exponent Time constant (days)

|
Starch gel | 1.02 ! 3.76
Starch gel ‘ 0.% ‘ 4.20
Starch gel 0.98 9 3.80
Bread? | 1.00 I 3.68
Bread?® - " 3.28

v Conventional baking process.
2) Chroleywood bread process.

of crystallinity of the starch. However, Neukom and Rutz®® found
that starch retrogradation was more evident with bread from corn
starch and a wheat starch/waxy corn starch mixture than the other
breads. Thus the authors concluded that there was no clear relation-
ship between retrogradation and staling. Dragsdorf and Varriano-
Marston® studied the effects of bareley malt, fungal @-amylase and
bacterial a-amylase on starch crystallization in staling bread by X-ray
diffraction. They compared X-ray patterns of fresh and stored breads
and found that the degree of starch crystallinity were in direct con-
tradiction to bread firming data. This result suggested that starch
crystallinity and bread firming were not synonymous, Thus the role of
starch crystal structure in bread firming should be further investigated.

3. THE ROLE OF AMYLOSE AND AMYLOPECTIN

Although the firming of bread is believed to be due to the crystal-
lization of starch fraction, it has not been established which of the
two starch fractions is responsible for staling. Schoch®® reported that
the hardening of crumb structure during staling was due to the
amylopectin fraction within the swollen granules. The author proposed
that the starch granules underwent swelling during baking, which in
turn caused a portion of the linear fraction to dissolve and diffuse out
of the granule into the surrounding aqueous medium. As the granule
continued to swell, these linear molecules became concentrated in the
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small amount of interstitial water between the starch granules. This
would result in the retrogradation of the linear molecules and set up
a permanent gel network between granules by the time the loaf is
cooked. Rusch®® reported that upon cooling, the amylose polymers
associated with each other through hydrogen bonding and formed a
rigid gel within 10-12 hours. The amylopectin crystallized more slowly
and resulted in the “staling” or firming of bread over a period of 3-6
days. However, Maga®® found that the changes in bread staling were
due to modifications in the amylose fraction. This result seems to be
contradictory to those results reported by previous workers. This
problem is further clarified by Kim and D’Appolonia‘®> who demon-
strated that the crystallization of starch gels is characterized by the
retrogradation of both amylose and amylopectin over the first day of
storage, after which amylopectin alone controls the retrogradation
process. This result also indicate that storage temperature also plays
an important role in controlling starch crystallization. Kim and
D’Appolonia®® examined the effect of staling on the quantity and
composition of soluble starch extracted from bread crumb during
storage (Table 3). The amount of amylose in the soluble starch leached
from the bread crumb after 0.16 hr of cooling is small, but a sharp
decline in the amylose content occurs during the 5hr cooling period
after baking. This implies that the amylose contributes to staling
primarily during the first day of storage. However, firmness data on
refreshened bread showed that the staling of bread at 21°C was due
primarily to starch crystallization. At 30 and 35°C, some other factors

Table 3. Effect of staling on the quantity and composition
of soluble starch extracted from bread crumb
during 12 hr of storage®®

[ s
[ Soluble Composition of soluble starch
Time (5¥) Storage (tfgperature i |
(%) Amylose (%) | Amylopectin (%)
0.16 Room temperature 2051 0.60 1.91
2 Room temperature 2.34 0.39 1.95
5 [ 21 1.86 0.22 1.64

12 | 21 1.74 | 0.18 1.56




40 Factors Affecting the Staling of Bread: A Review

played an important role in firming. Since less crystallization of starch
occurred at higher temperature, other factors such as protein denatura-
tion or moisture redistribution might be involved in the firming process.
This needs further investigation,

4. THE ROLE OF PROTEINS

Numerous reports have shown that flour protein content is an
important factor in controlling the rate of bread staling. Bechtel and
Meisner®® and Prentice et al.“® found that increasing the protein level
of the synthetic flours decreased the average crumb firmness and crumb
firming rate. However, Ponte et al.“” reported that the rate of bread
firming was not significantly correlated to flour protein content. Erlander
and Erlander®® reported that the ratio of starch to protein in the dough
is critical in determining the rate of staling, and some staling will
always occur no matter how much protein is present in the dough.
They also postulated that the retrogradation of starch might be inhibited
by the formation of a complex with the protein of bread, and proposed
that the amide groups of wheat gliadin and glutenin were hydrogen
bonded to the hydroxy groups of starch. Data present in Table 4
shows that the staling rate of bread dereases as the protein content of
increases. However, the values for the Avrami exponent indicated
that the basic mechanism of bread staling is not affected by the protein
quality. It is because the time constants were similar for the breads
produced from flours of different strength but the same protein content,
suggesting that the staling rate of bread is independent of protein
quality. Therefore, the results in Table 4 suggest that the primary
effect of protein in reducing the staling rate is dilution of the starch
and not the quality of protein. This result supports Erlander and
Erlander®®, who emphasized the importance of the ratio of starch to
protein in the dough in determining the rate of bread staling. Kim
and D’Appolonia®*® investigated the effect of flour protein content and
storage temperature on the role of starch during bread staling. The
recovery of soluble starch extracted from bread crumb was inversely
and positively related to the protein content of the flour and storage
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Table 4, Effect of protein content of flour on avrami exponent
and time constant of bread stored at 21°C¢®

Flour . Bread

Avrami exponent ‘ Time constant

Protein content (%5)*| Stability (min)?

0.94 | 3.75

10.6 12.5 ‘

11.0 5.5 ‘ 0.92 | 3.74
13.9 16.0 " 0.92 { 5.44
31.6 21.0 | 1.04 | 11.25

1 On a 14 per cent moisture basis (Nx5.7),
» Farinograph data.

temperature, respectively. The soluble starch from fresh crumb was
predominantly amylopectin, which progressively decreased as bread
aged. Although the amylose content in the soluble starch was small, it
sharply decreased during the first day of storage and thereafter the
changes were minor. The amylose was essentially absent in the soluble
starch leached from the bread produced from the flour with the highest
protein content, suggesting that the role of amylose in staling diminishes
as the flour protein content increases. Maleki et al.®"*> determined the
effect of protein quality on the softness and staling rate of bread. They
found that increasing the protein content of flour increased the loaf
volume and resulted in softer bread. Four varieties of wheat were
milled and two of the flours were fractioned into gluten, starch, and
water solubles. Breads were baked from original flours and from
reconstituted flours with or without interchanging the fractions. The
protein contents of Eagle, NE 69774, Omaha, and Aurora were 13.2,
13.1, 140 and 12.1%, respectively. Table 5% reports staling rates of
breads from various flour samples. Values for the four original flours
showed that the flour of Eagle wheat produced bread that staled most
slowly and of NE 69774, most quickly. Reconstitution of starch and
water solubles from NE 69774 with the gluten from Eagle gave a
reconstituted flour that staled at a rate equal to reconstituted Eagle.
Therefore, the starch and water-soluble fractions from the two different
flours did not significantly affect the staling rate. However, when the
gluten fractions of NE 69774 was replaced with the gluten of Eagle,
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Table 5. Staling rates of breads from various flour samples“®

| Bread sampled after

Flour ‘ 1 hr | 1 day 3 days
| PUD |%PUP| PU ! % PU| PU |% PU
Original:
Eagle 184 100 125 68 91 49
NE69774 169 100 97 57 61 36
Omaha 177 100 108 61 78 44
Aurora 163 100 95 58 59 36
Reconstituted:
Eagle | 187 100 | 127 68 88 47
NE69774 with eagle gluten 204 100 125 61 86 42
Eagle with NE69774 starch 189 100 133 70 93 49
Eagle with NE69774 water 184 100 122 66 83 45
solubles
Standard deviation 7.8 7.1 7.4

1) Penetrometer units.
2 Percent of original PU indicates staling rate,

reconstituted NE 69774 flour’s staling rate improved and approached
that of Eagle flour. This indicated that the flour component primarily
responsible for differences in staling rate of these two flours was the
gluten fraction. This finding is contrary to the views of many workers,
who reported that the primary effect of protein in reducing staling rate
was its dilution of starch, The difference might be due to flours from
different varieties of wheats and quality of protein.

5. THE ROLE OF PENTOSANS

Pentosans, which are polysaccharide materials, are a minor com-
ponent of wheat flour present at the 2-3% level. Of the total pentosans,
about one half are extractable with water and the remaining portion,
the “water-insoluble pentosans” are extracted with alkali; however,
once extracted, they are water-soluble. It has been reported“® that
the water-soluble pentosans present in the “soluble starch” extracted
from fresh bread crumb inhibited the retogradation of amylose. How-
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ever, the water-soluble pentosans did not affect the staling rate. Wall¢®
postulated that pentosans and glycoproteins were present as transitional
compounds, permitting physical association and chemical bonding between
carbohydrates and proteins. Patil et al.®” found that the mixing of
flour into dough caused a conformational change in water-soluble
pentosan molecules, which in turn intensified the association between
carbohydrates and protein constituents. Whether the water-insoluble
pentosans play a similiar role is unknown. Kim and D’Appolonia®®
studied the association between pentosans and starch by using starch,
starch-amylose, and starch-amylopectin gels, with or without the addition
of pentosans. Figure 1* shows the effect of pentosans on firming of
starch gels. Pentosans had a definite effect on retarding starch retro-
gradation, with the effect exerted by the water-insoluble pentosans
being more pronounced than that by the water-soluble pentosans. Table
6*> shows the effect of pentosans on the staling rate of bread at 21°C.
Pentosans increased the time constant of the bread, with the effect
exerted by the water-insoluble pentosans being more pronounced than

E
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Fig. 1. Aging of starch gels (A) and starch-soluble (B) and starch-insoluble
(C) pentosan gels at 21 and 30°C0%,
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Table 6. Effects of pentosans on the time constant of bread
stored at 21°C¢®

i Time constant (days)

Bread \ i
i‘ Overall Over the first day storage
Control 5.44 4.80
With 1.0% soluble pentosans 6.53 4.23
With 1.0% insoluble pentosans 8.54 5.88

that exerted by the water-soluble pentosans. Kinetic studies by Kim
and D’Appolonia®® indicated that pentosans simply reduced the amount
of starch components available for crystallization, thus decreased the
bread staling rate. Jankiewicz and Michniewicz*®’ studied the effect of
soluble pentosans isolated from rye grain on staling of bread. They
found that starch in test bread had greater resistance to retrogradation,
and the extented shelf-life of bread was due to the increased pentosan
content and the starch-pentosan interaction.

6. THE ROLE OF MOISTURE

It has been known that bread does not necessarily lose moisture
during staling. Stale, firm bread often contains as much moisture as
does fresh, soft bread. Part of the water is thermodynamically bound
and part is distributed in the intermolecular spaces of the protein and
partially swollen gelatinized starch‘. It is generally believed‘*® that
increasing water absorption in bread dough enhances softness and
retards firming. Moisture redistribution between components during
bread storage has been a controversial subject. Senti and Dimler®®
reported that moisture transfer would occur from the starch to the
gluten in the crumb during aging, whereas Willhoft***> found a moisture
transfer from gluten to the starch took place. Since the hardening of
gluten due to moisture loss in bread staling is most likely to happen,
a transfer of moisture from gluten to starch gel is quite possible.
Verbii et al.®® also found that the degree of staling and rate of
moisture loss were directly proportional. Neukom and Rutz*’ demon-
strated that higher moisture content and larger loaf size produced
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softer bread. However, bread crumb has an equilibrium relative
humidity of 97% and an open structure®*”, both may be important in
the study of moisture transfer between components.

7. THE ROLE OF LIPIDS

The studies conducted on flour lipids have been concerned primarily
with their functional properties in bread baking. It has been shown
that the role of lipids in baking is primari-ly the enhancement of loaf
volume, which is negatively related to bread staling. It is. generally
agreed that the polar lipids have an improving effect on the volume of
bread baked from defatted flour but nonpolar lipids have a detrimental
effect on this bread property’>. Pomeranz et al.*®> studied the com-
pressibility of bread to which vegetable shortening and nonpolar, polar,
and total lipid fractions from six wheat flours were added. Adding
0.5g of nonpolar lipids per 100 g of wheat flour reduced crumb firmness
only slightly. For significantly retarding firmness of crumb during
storage, 0.5g of polar lipids were as effective as was 3 g of shortening.
Verbii et al.“” also found that breads containing fat and phosphatide
concentrate could reduce crumb firmness. Wehrli and Pomeranz¢®
reported that a complex between glycolipids and starch was apparently
significant and could be responsible for the improved freshness retention
of bread baked with glycolipids. Surfactants might also play an
important role in interaction with lipids. Thus, the possible importance
of interaction among various components and their effects on bread
staling should be examined further. What effects do the lipids in the
starch granule, although present in small amounts, have on bread

staling?

8. THE ROLE OF SURFACTANTS AND
BAKING PROCEDURES

Surfactants are used as crumb softening agents or antifirming
agents by interacting with starch, particularly the linear amylose frac-
tion of starch. This can be demonstrated by the presence of the V
diffraction pattern by X-ray deffraction studies®”. The some pattern
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arises from the interaction of a surfactant with the proper geometry
with the tight a-helix of the amylose. The helix, with its inner
diameter of 4.5-4.6 Angstroms, can only accommodate a surfactant
whose diameter is less than 4.5 Angstroms. In contrast, retrograded
starch which has an extented configuration produces a B diffraction
pattern. The two starch structures, represented by V and B patterns,
do not co-crystallize. Table 7¢" shows that bread containing surfactants
has a consistently higher line intensity for the V pattern and is also
softer and has less B crystallinity than the control without an additive.
From the differences in the intensity of the diffraction patterns in the
bread containing surfactants and of bread without additives, the con-
clusion can be drawn that amylose in the helical configuration interferes
with the crystallization of the extended starch chains which are typical
of retrograded starch.

Surfactants can be adsorbed onto the surface of the starch granules
‘and prevent the gelatinized starch granule from binding together and
delay the swelling process. The degree to which this effect depends on

Table 7. X-ray analysis of breads made with surface-active

agents®”
Intensity of |
c ; diffraction Com-
Bread Description of additives 2 e Ll lines?>*) plexing
No. data ez
Slruclure‘ B | Vv ’
Control | 138 B>V 10| 7| —
2 |Hydrated mono-diglyceride, 12.1 B~V | 6 10 28
20%
Succinylated monoglyceride 11.8 V>B 6 i 9 63
6025 mono-di, 40 ethoxylated 11.6 V>-B 5 ‘ 9 30
monoglycerides i
3 |Sodium stearoyl-2-lactylate 10.6 V=B 4 | 10 72
1
5 |75% Hydrated mono-diglyceride, 10.5 V>B 4| 10| 29
| 252 Polyoxcthylene sorbitan |
| 20
| | |

D After three'days’ aging.

2 After six days’ aging.

» Scale, 1-10 with 10 being the most intense; B, retrograded starch structure;
V, amylose complex structure.

9 Adjustments made for composition.
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the chemical composition of the surfactant and on the structure of the
hydrophilic moiety, the length of chain, and the degree of saturation
of the lipophilic parts©”. Birnhaum®® reported that surfactants reduced
the effective concentration of moisture in the starch phase and increased
the moisture retention of the gluten, tying up moisture in the bread
crumb. Although numerous studies on the role of surfactants in retard-
ing firmness have been published, the mode of their action in improving
the shelf life of bread has been controversial. Schoch®“® suggested
surfactants could form a complex with amylose, resulting in softer
crumb but without influencing the firming rate. Other workers reported
that surfactants had little or no effect on initial bread crumb firmness
but did affect the firming rate during storage®®. Krog®" proposed
that surfactants might slow the rate of bread firming by forming a
complex with the amylopectin fraction within the starch granule. De
Stefanis et al.* reported that a crumb softener formed a complex
with both the amylose and the amylopectin fraction of starch in bread.
Since surfactants of different chemical structures differ widely in their
effect on crumb firmness, the jonic surfactants such as sodium-stearoyl-
lactylate (SSL) and the nonionic surfactants such as ethoxylated
monoglyceride (EMG) form two different kinds of macromolecular
complexs®. SSL forms aggregates consisting of a coupled complex
“protein-starch complex” as shown in Fig. 29, In this complex, the
anionic lactylates serve as ligands with the glutenin and starch as well
as with the gliadin. The polar lipids and the ionic SSL mediate between
these flour components. In contrast, the nonionic EMG forms a stable
“protein complex” as shown in Fig. 3¢, Since the SSL and EMG

Polar Lipids Polar Lipids

Gliadfns ; Gluteriins ; Starch

"-SSL sL

Fig. 2. Protein complex-starch complex with jonic (SSL) surfactant®o,
—— hydrophobic bonds, -« hydrophilic bonds
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Gl iakz'llins Glutenins

.

]
’
1
[

EMG
Fig. 3. Protein complex with ethoxylated monoglycerides and lipidst®,
— both hydrophobic and hydrophilic bonds with hydrophobic

predominating
------ both hydrophobic and hydrophilic bonds with hydrophilic

predominating

differ in their electric charge and therefore form different types of
complexs, the action of the surfactants in breadmaking is different.
The lactylates (SSL), which are able to integrate starch and gluten
into one complex, produce loaves with a slower firming rate than those
obtained with EMG. The addition of EMG produces a larger loaf
volume because the gluten can be developed unimpeded due to the
absence of starch in the “protein complex”.

Morad and D’Appolonia®®*” determined the effect of surfactants
and baking procedures on the pasting propertiés and total water-solubles
and soluble starch in bread crumb. The effect of baking process was
examined by using the conventional straight dough and the continuous-
mix baking procedure. The pasting temperature did not change greatly
with longer storage time, but it increased with the incorportion of
surfactant. Also pasting temperatures for the bread crumb obtained by
the continuous-mix baking procedure were higher than those obtained
with the straight dough procedure. The amount of soluble material
extracted from the conventionally made bread was less than that from
the continuous-mix bread. The values for amylose in the soluble starch
were lower for the continuous mix than for the conventiopally baked
bread, which could be a result not omly-of the type of processing but
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also difference in formulation. Extracts of bread crumbs containing
surfactants and made by either baking procedure contained less amylose
than did the control bread crumb, whether measured in the total soluble
material or in the soluble starch. The data indicated that amylose and
the surfactant formed a complex that varied among surfactants. How-
ever, the effect of surfactant components and different baking formulas
used in straight dough and continuous-mix baking procedures on the
water-solubles and soluble starch in bread crumb should be further
investigated. f

Pisesookbunterng and D’Appolonia® investigated the effect of
surfactants on moisture migration from crumb to crust and firmness
values of bread crumb. In bread containing surfactant, moisture
migration from the crumb to the crust was greater than in the control
bread. This is probably because the level of surfactant used in bread-
making, 0.5%;, does not lower surface tension of water in bread crumb,
and thus can not assist in moisture retention within the crumb. Also
the adsorption of surfactant onto the starch surface, as well as the
complex formation between starch and surfactant, prevent starch from
taking water released from gluten during bread aging. However, the
authors found that surfactants did not affect firmness of fresh bread
crumb, but did slow the firming rate of bread crumb during bread
storage. This result conflicts with those previous workers who found
that surfactants gave a softer bread crumb in fresh bread but did not
influence the firming rate. The difference might be due to various
kinds of surfactants, baking formulas, and experimental procedures.
Moreover, the authors suggest that the concentration of surfactants
should exceed 1% in order to maintain the higher moisture contant.
This needs further investigation.

In a later study, Pisesookbunterny et al.®® evaluated the role of
refreshening in bread staling. Breads stored at 2 and 30°C were
refreshened by heating at 90°C for 45min. Those stored at 2°C for
2 days and refreshened regained the original firmness. Surfactants (SSL
and Atmul 500) were found effective in restoring original freshness of
breads. Hansen et al.“*> further demonstrated that resistant starch was
formed during baking and that the chemical composition of bread was
not significantly affected by staling.
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MENADIONE-INDUCED CARDIOTOXICITY
IN CULTURED NEONATAL
CARDIOMYOCYTES

WO0AN-FANG TZENG AND JEN-YEE HUANG

Department of Biology
Fu Jen University, Taipei, R.0.C.

ABSTRACT

Isolated neonatal rat cardiomyocytes were used to study the
cardiotoxicity of menadione. Menadione inhibited the beating of
the cells in a time and dosage dependent manner. At high menadione
dose, 80uM, cessation of beating was rapid and occurred within
30min. The cells were killed at higher dosages or with longer
incubation time. Cardiomyocytes incubated with *sS-methionine were
used to study the inhibition of protein synthesis and the expression
of stress proteins in response to heat shock or exposing to menadione.
Menadione treatment resulted in a decrease in protein synthesis in
a time and dosage dependent manner. One hour heat shock at 42°C
depressed the protein synthesis of cardiomyocytes. Heat shock
protein 70 was induced in cells exposed to heat shock (42°C, 60 min),
but it was not induced when cells were exposed to menadione.

Our results indicate that menadione is cardiotoxic to cardio-
myocytes, which inhibits the beating and protein synthesis of
cardiomyocytes. The inhibition in protein synthesis preceded the
beating changes, and might be related to the deterioration of
contractile function seen in menadione cardiotoxicity. A heat
shock protein (HSP 70) was induced in cells exposing to 42°C
for 60min, but heat shock protein expression in culture cardio-
myocytes can not be used as a tool to monitor cardiotoxicity of
menadione.

1. INTRODUCTION

Menadione (2-methyl-1, 4-naphthoquinone, vitamin K,) has been
shown to inhibit the growth of tumor cells in vitro®’. In the human
tumor stem cell soft agar cloning assay, menadione causes inhibition of
clonal growth of a wide variety of tumor cell types. Its anticancer
activity with this assay is superior to currently used standard chemo-
therapeutic agents, such as adriamycin®?®. The mechanisms of the
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effect of menadione on the growth inhibition of tumor cells in culture
are obscure. Due to the same quinone structure as adriamycin, menadione
may also exhibit cardiotoxicity. We are interested in cardiotoxic effects.
Mammalian cardiomyocytes grown in culture maintain their ability to
beat autorhythmically and thus can provide a simple in vitro system to
study the effects of menadione on the structure and function of cardio-
myocytes. We are attempting to establish the heat shock response in
cardiomyocytes as a test system for early cardiac damage.

After being sumitted to a temperature stress, cells from bacteria to
man synthesize a specific set of evolutionary conserved polypeptides:
the heat shock proteins. Some of heat shock proteins are already made
by non-stressed cells. Heat shock proteins were first described by
Ritossa in Drosophila melanogasters” and have been proven to be a
general cellular response to cell-damaging stress in many organisms and
tissues of various origin.

As a model system we used primary cardiomyocytes culture prepared
from neonatal rats. In the first part of our investigation we established
the response of cardiomyocytes to heat shock, including the changes of
beating rate and the formation of heat shock proteins. For model
conditions we used temperature shock, which is known to induce heat
shock proteins synthesis in other cellular system‘”. In the second part
we looked for the effect of manadione, an anticancer drug, which was
suspected to have cardiotoxic effects.

Our results indicate that menadione is cardiotoxic: it inhibited the
beating and the protein synthesis ability of cardiomyocytes. The inhibi-
tion of protein synthesis preceded the beating changes of menadione
cardiotoxicity. Heat shock of 1hr at 42°C depressed the protein synthesis
of cardiomyocytes and induced the synthesis of a heat shock protein.
Heat shock proteins were not induced when cells exposed to menadione.
Heat shock protein expression in cardiomyocytes can not used to monitor

the cardiotoxicity of menadione.

2. MATERIALS AND METHODS

(1) Materials

ssS-methionine (specific activity>1,000 Ci/mmol) and films for autora-
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diography were from Amersham. Menadione sodium bisulfate were
from Sigma. Methionine-free DMEM, F10, horse serum and fetal bovine
serum were obtain from Gibco. Anti-actin antibody and FITC-labeled
goat anti-rabbit antibody were obtained from Bioyada. The gel drier
was Bio-Rad, model 583. Fixer and developer were from Kodak.
Cocktail, Omni-Szintisol, was from Merck. All other chemicals were
of reagent grade.

(2) Culture of cardiomyocytes

Cardiomyocytes of neonatal Wistar rats (0-3 days) were prepared
by a modified method of Lau et al.®>. Cells were collected and washed
with a medium composed of 80% (v/v) F10/10% (v/v) horse serum/10%
(v/v) fetal bovine serum/14mM NaHCO,/20mM Hepes, pH 7.4. To
enrich cardiomyocytes in the cell preparation, the differential replating
procedure of Blondel et al.“> was followed. The cells were plated in a
100 mm Nauce dish and incubated in a 5% CO, incubator at 37°C for
3h. For the various experiments the unattached cells were replated at
different density. Cells were used within 2-3 days of preparation.
After a 2-day culture, 90% of the cells were cardiomyocytes. The cell
morphology was examined under a phase-contrast microscope. Cell
degeneration was indicated by the distortion of cell morphology and
was confirmed also by Trypan Blue-exclusion test®®,

(3) Morphology and beating observations

The morphology and beating of cardiomyocytes were observed under
phase-contrast microscope equipped with temperature controlled air
stage. Cells, which were beating regularly, were selected for each
experiment. Beating of each cell was usually counted for 30s.

(4) Immunofluorescence staining of actin filaments

Cardiomyocytes were distinguished from fibroblast by immunofluore-
scence staining of actin filaments. Cell grown on coverslips were washed
three times with Tyrode solution?, fixed with 3.5% formaldehyde in
PBS (5mM phosphate, 150 mM NaCl, pH 7.4) and permeabilized with
0.1% Triton X-100 in Tyrode solution. After washes, the cells were



56 Menadione-Induced Cardiotoxicity in Cultured Neonatal Cardiomyocytes

incubated with rabbit anti-actin antibody, then washed with Tyrode
solution. After washes, the cells were incubated with second antibody,
FITC-labeled goat anti-rabbit IgG. After extensive washing, the cells
on coverslips were mounted on microscopic slides in a drop of 50%
glycerol in Tyrode solution. The cells were observed on a aus JENA
fluorescence microscope. Fluorescence micrographys were recorded on

Kodax Tri-X film.

(5) Labeling of the cells with **S-methionine

After incubation of the cells (5x10° cells/dish) for definite times
with menadione or - after heat shock, cells were labeled with 100 uCi
1:§-methionine in methionine-free DMEM supplemented with 5% fetal
bovine serum for 3h at 37°C in a water-saturated 5% CO, incubator.
The labeling was stopped by removing the supernatant and the cells
adhering to the dishes were washed with ice-cold PBS solution, and
harvested with TEG solution (0.125% trypsin, 0.1%5 EDTA, 0.1% glucose).
Cells were then washed with cold PBS, resuspended in Laemmli sample
buffer®® and frozen and thawed. Cell lysates were clarified in a Kubota
microfuge, and either used directly or stored at —70°C. An aliquot of
each supernatant was counted in a LKB-1219 Rack-beta liquid scintilla-
tion counter with Merck Omni-Szintisol cooktail for 3s§-methionine
incorporation. Equal amount of radioactivities were applied to NaDodSO,
polyacrylamide gel.

For the assay of the effect of heat shock or menadione on the
protein synthesis, cells (5%10° cells/well of 4-well microplate) were
incubated with menadione and 20 uCi **S-methionine in DMEM supple-
mented with 5% fetal bovine serum at 37°C for definite time or
incubated with **S-methionine containing medium under various tempera-
ture. The reaction was stopped by removing the supernatant.

The cells were washed with cold PBS and lysed with PBS —1%
Triton X-100. The cell lysates were clarified in a Kubota microfuge.
TCA was added to supernantant to final concentration of 20% and
placed in 4°C overnight. Acid-precipitable radioactivites were collected
on glass fiber filters and washed with 20% TCA, ethanol, and ethyl
ether for several times. Filters were then dried and radioactivities were
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counted in a scintillation counter.

(6) NaDodSO, polyacrylamide gel electrophoresis

NaDodSO, polyacrylamide gel electrophoresis was done as described
by Laemmli“® except that the separating gel consisted of a 5-20%
polyacrylamide gradient. The slab gel was run for 5h at 150V.
Visualization of the proteins was done by either Coomassie blue staining

or autoradiography.

(7) Autoradiography

After electrophoresis, the gels were dried with a gel-drier and
exposed to Amersham hyper-film-3,,, film for about 120h. The films
were developed and fixed in a commercial system supplied by Kodak.

3. RESULT

(1) Characteristics of cardiomyocytes

There are two kinds of cells in the cardiomyocytes primary culture:
cardiomyocytes (Fig. 1) and fibroblasts (Fig. 2). Cardiomyocytes were
distinguished by a granular cytoplasm with neumerous mitochondria.
The nucleus of cardiomyocytes was small, round, and usually contained
only one nucleolus, whereas the nucleus of fibroblast was larger, oval,
and had two or more nucleoli. Cardiomyocytes were further certified
by immunofluorescence staining of actin filaments. Figure 3 showed
that actin filaments of cardiomyocytes were banded. In our cases,
cardiomyocytes were 909 pure after 1-2 days in culture (average from
20 separate preparations), and remained more than 809 pure after 3-4
days in culture. Fibroblasts divided more rapidly than the cardiomyocytes,
and accounted for a much highly percentage of the cell population than
origin after several days in culture. In our experiments, only cells
cultured 2-3 days were used.

For single cell cultures, the cells were plated at a density of 10°
cells or less per petri dish (35 mmx 10 mm). Cells beat rhythmically and
independently with 6-140 beats/min at 37°C. Most cells stopped beating
at 21°C. When the cells were plated at higher density 2-4X10° cells
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Fig. 1. Morphology of single cardiomyocytes under phase contrast
microscope. Bar represents 10zm.

Fig. 2. Fibroblast morphology under phase contrast microscope.
Note oval shape of nucleus containing more than one
nucleoli. Bar represents 10 nm.



Fig. 3.
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Actin filaments distribution of cardiomyocytes under fluorescence
microscope. Bar represents 10 um,

59



60 Menadione-Induced Cardiotoxicity in Cultured Neonatal Cardiomyocytes

per dish, cells became contact with each other forming a large cell
clusters (Fig. 4). All the cells in a given cell cluster beat synchronously
at 21-200 beats/min. The average of the cell clusters was more stronger

and quicker than that of the single cells.

Fig. 4. Morphology of cell cluster under phase contrast microscope.
Bar represents 10pm.

(2) Beating study

Cardiomyocytes, which contracted regularly, were used to study the
response to heat shock or menadione. As the temperature decreased
from 37 to 30°C, the rates of spontaneous beating of cardiomyocytes
decreased. As the temperature increased from 37°C to higher tempera-
ture, the rates of spontaneous beating of cardiomyocytes increased, and
the higher the temperature, the higher the beating rates of cells (Fig. 5).
Although the beating rates of cells was changed as the temperature
varied, the beating of cells was still regular. The morphology of cells
did not change even at temperature as high as 50°C.
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Fig. 5. Effect of temperature on the rates of beating of cardiomyocytes.
Beating of cardiomyocytes were observed under phase-contrast
microscope equipped with temperature controlled air stage.
Cells, which were beating regularly, were selected for experiment.
Beating of each cell was usually counted for 30s. The curves
in the figure represent the response of four cells.

Beating status of cardiomyocytes is a sensitive and reliable parameter
in cardiomyocytes cullure system for studies on the cardiotoxicity of
drugs. Figure 6 shows the results of treatment with menadione. Addi-
tion of menadione inhibited the beating of cells. The inhibition by
menadione was dose and time-dependent. Cultures exposed continuously
to 20 uM menadione no longer beat after 80 min. At higher menadione
doses (80 uM), cells stopped beating within 30 min of exposure. Despite
individual variations in the timing of the changes, the changes observed
in each cell seemed to possess similar features. Initially, the beating
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Fig. 6. Effect of menadione on the rates of beating of cardiomyocytes.
Beating of cardiomyocytes were observed under phase-contrast
microscope at 37°C. Cells, which were beating regularly, were
selected for experiment. Beating of each cell was usually countd
for 30s. Menadione concentration: (a) 10xM, (b) 20.M, (c)
30uM, (d) 40pxM, (e) 80 pM. The curves in each plot represent
the response of two cells.

rate of cells became slow and stopped finally. The cells fibrillated
quickly before beating stopped. Even as the beating of cells was stopped,
the cells still remained alive. Continued treatment of cells resulted in
the death of the cells.

(3) Protein synthesis

Protein synthesis was analyzed in cardiomyocytes during incubating
with menadione or under various heat shock condition. The cardiac
response was estimated using the amount of **S-methionine incorporated
into proteins in cardiomyocytes. Protein synthesis of cells was not
significantly altered by less than 30 min shift from 37 to 42°C but falled
sharply after a shift to 42°C for 1hr. A I-hr incubation at 42°C
resulted in 37% depression of protein synthesis. In the case of mena-
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dione, the levels of protein synthesis were decreased as cardiomyocytes
were incubated with menadione. The inhibition by menadione was dose
and time-dependent (Fig. 7). After 10 min of treatment with 20 uM and
40 uM menadione, protein synthesis was inhibited by 64% and 82%,
respectively. After 60 min of treatment with 20 uM menadione, protein
synthesis was almost completely inhibited.

100
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B 40
32
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Fig. 7. Inhibition effect of menadione on protein synthesis of
cardiomyocytes. Cardiomyocytes were incubated with
menadione in ?S-Methionine containing medium for
various time. The TCA-precipitable fraction was
collected and counted with g-counter. Symbols: [,
5uM; &, 10xM; A, 20uM; &, 40xM; B, 80:M.

(4) Heat shock protein induction

Based on the results above, 5 and 20 uM concentrations of menadione
were chosen to examine effects on heat shock protein induction. The
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proteins of cardiomyocytes separated on NaDodSO, polyacrylamide gel
electrophoresis presented in Fig. 8. The polypeptide pattern did not
change significantly from preparation to preparation. As shown in Fig.
8B, exposure of the cardiomyocytes to heat, 42°C for 60 min, induced

Fig. 8. Three-day-old cardiomyocytes: (a) incubated at 37°C for
60 min. (b) incubated at 42°C for 60min. (c) incubated
with 5uM menadione for 10min. Thereafter 80 uCi of 8-
methionine was added. The cells were kept for a further
3h at 37°C. Then the supernatant was discarded and the
washed cells were collected and lysed in electrophoresis
sample buffer. 100,000cpm was applied per slot to
NaDodSO,-polyacrylamide gradient (5-20%) gel electrophoresis.
Arrow indicates position of a heat shock protein of Mr
70kD.
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the de novo synthesis of a heat shock protein (MW 70,000). Exposure
of the cells to 42°C for less than 30 min did not induce any new proteins
synthesis. Exposure to 5uM menadione for 10 min did not induce any
new protein synthesis (Fig. 8C). Exposure to 1 or 20 uM menadione for
20 or 10 min also did not induce any new protein synthesis (data not

shown).

4. DISCUSSION

The heat shock response is now known to be a rapid and transient
reprogramming of cellular activities that ensures survival during the
stress period, protects essential cell components against damage, and
permits a rapid resumption of normal cellular activities during the
recovery period. Stress can be extered in the form of toxic substances,
e.g. cadmium chloride, H,O,, or heat. Hence we are mointor tempera-
ture shock and chemical stress of menadione in cardiomyocytes.

The response of cardiomyocytes to temperature shock involved a
depression in the synthesis of most proteins normally made at 37°C and
a increase in the relative rate of synthesis of a protein with M. W.
70,000 (HSP 70). The synthesis of HSP 70 is temperature-dependent.
It is detectable after 1 hr at a incubation temperature of 42°C. In the
myocardium, the synthesis of HSP 70, the most highly conserved stress
protein, has been described after various traumas such as hypoxia,
ischemia and heat shock®®. Low reported that heat shock protein
expression in cardiomyocytes is a useful model system to monitor
cardiotoxicity of chemical agents®'*’ and heat shocks induced the synthesis
of two proteins of 71 and 68 kD. In our cases, heat shock (42°C,
60 min) only induces a heat shock protein synthesis (HSP 70). While
heat shock responses had been investigated since 1962, the function of
these proteins were still unclear. It needs further study to certify the
role of HSP 70. ‘

There are many reports suggest that the antitumor activity of
menadione is superior to adriamycin. Due to the quinone structure,
menadione may exhibit cardiotoxicity. In this study, we have shown
that menadione is cardiotoxic. It inhibited the beating of cardiomyocytes
in a time and concentration dependent manner and even killed the cells
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at higher dosage or with longer incubation time (Fig. 6).

It emeraged from this study that inhibition in protein synthesis was
associated with the response of cardiomyocytes to menadione. The
inhibition was very obvious (Fig. 7) and preceded the beating changes
of menadione cardiotoxicity: treatment of cells with 10uM menadione
for 10min inhibited the protein synthesis by 57%, but it did not
significantly inhibited the beating of the cells. It emerged from this
study that alternations in protein synthesis were associated with the
early response of cardiomyocytes to menadione. Whether the inhibition
of protein synthesis by menadione is specific or nonspecific? It is
possible that the cessation of beating may be reflecting the inhibition
of protein synthesis. It needs further investigation. While protein
synthesis was inhibited as cells incubated with menadione, heat shock
proteins were not induced under the same condition.

In summary, Heat shock protein of 70kD was induced in response
to heat shock (42°C for 60 min) in cardiomyocytes. Menadione has
cardiotoxic effects. It inhibits the protein synthessis and beating of
cardiomyocytes in a time and concentration dependent manner, although
heat shock proteins had not been induced in the cells. From our results,
heat shock proteins synthesis can not serve as a sensitive system to
monitor the cardiotoxicity of menadione.
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TIRERG IS BF RR R AR B EHNE (Dialysis osteomalacia )
R HREREE (Dialysis encephalopathy) FIREE " o {55555 AREEY)
HERR | £ EHEAKRPEARBNILRE » BEEHEME/L Mineralization) » T
ERBHEWMAC” o EHBEBWREE (Hippocampus) AHREEEALE »
FRE BRI A M ARAE L BRSO o HETEHE » TEEERBEEER
ARMFERGERRNENKRENR & 8 0 4% ## (Aluminum-containing
phosphate binders) FiE » iR EH EH BIHREFE » KRS THERER
TSR AR o 7341 » FILLIEME (Alzheimer’s disease) H&AIBEHAAH i
RIS AR o T #4R AR ST Lk e BRAE AR S LB A o

At » RERMBKAPBIERNE bYW ABRBREHPE? URE
E—BEREPHRENSE D5 ETEREEZHEE - ARXBNENEERTH
BRI R R e & » FERR I — AR o
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1. g

A EE 2 BUR R R A M A s R R R E R AR E A &
foRHER AR SR » TS

(1) PSS 7k (FIBRPD) » P GREED » A OCERBD » PRKER (
R SHAEERE I REET -

(2) TEF AT THANEE R FEE s o

(3) BRZOM . BRORTH R B HTAE T 0t o AL I B R AL R
FABT » HEH

(4) AKHB I WT » FHR o BELET—REAR » R B P A YOE T

(5) AP FAM Bk EHEEZLK) BAZEIERERD » HERER
B AT 2 XSRS » SRR R o

(6) BRUJFELFCRIE @ BLOBRMEER fOR-H SRR R B MR N EURRE o

2. BRARATRER

AlraREEOERIEZ » KR ARRSTELBIER ZTRARS » B
B 110°C HERS » 24/ » BB ARDE » IAE RV B THER » 2k
SRV o MRBRFRFORIET » £S5 R KD S REENEDINEER
s HEE » WRIER R EBINERS # o FIANEREM BB  5RNE
A FERNEEE b NBEH  BRETRESVBRNESSE -

3. sRZzAE

BERa MR B e BRI R FRES ik (Z-8000 s Polarized Zeeman
Atomic Absorption Spectrophotometer » Hitachi) » #{& Hollow-cathode
ERERRBBET ) DER N.0)-Z# (CH.) ARy ARE T REEIL
ST RE BRI o WA 15~ 10~ 20 g/m] 7SI B AOBRHE R IR SE RO
Efi# (Calibration curve) » LIS B HERAE ZIBEE o

BT RSN EEARM A EE » BEREOEGER » & ERRAS 7
% 0 IRMTHAPBEE » RAEHE o

= HRAEMR

MBS EEEEEE 5~50 pg/ml HENKZERS 911 = 106.9% 1% » T
#ERER 101.8£48% (E—) o



Wt & 1

F— EZEERRRRS Rz E R

mow OB OE | OB OE B OE @ Kk &
(ng/ml) ! («g/ml) (%)
5 5.35 106.9+-4.60
10 10.48 104.7+0.07
20 20.12 100.6--0.00
50 45,56 91.1+0.98

1 Mean-+S.E. of 2 replicates.

fERBETANRTESEHFEANTE0.2] ng/e3 & R EMIR13.54 ng/g
T (ERD) o GRMAPEESEREE 1291 £g/g o KBEHABEEFEER
2ppm » EFFCR SERERE 6.98 ng/g o MAFSHBRERHEREL »
RIERTIR 0.37 ug/g FIMEH 699.21 ng/g - AR AR HESHEREIERD
A » HRRATE RS 82.72 ng/g FIREMEN » BEFIR 242/g o Bl
Frb e & e B AT 30 g/ MRERAOLE] <<2.40 pg/g WIERE(LE o BT
HIEORHER R LR /NS 3 g/ NEBBE KRB LEASERA 1 xg/mle &
ERREREMRESER  THRGEEBT 2ug/ml (=) o MERH—R
Heh @SR AMEEE  198BR 1mg M8 -

AYRPENEREIIERBENLER KRR EER » MBBESREN
W —M= » HAEYETERENEYERES THRETERSY
AR AR IR BB » T — RS B BE BHE R S FBE o AR
PSRRI TTRERB A MR R E S BN TR o AR
AR RSP EE » RELEL AR T RER R4 » B {4058 B A
» EH I~ KE G EERAA D » WERBIEY AR 2 E » Hos B
W&+ 2R o

BYHENSEREZIREMASENAMGEMY BN TAEEE o 5k
HERH » 1970F R 192FEMAF AFHFOHARENY (B0 : 3uE
FUEHNE) FrefEuaes » A% 18.7 B 215 mg™ o fin T &R Processed
cheese (&A% 0.297 #g/g) 52 Natural cheese (&828& 0.015 ug/g) R4
ER0MHEMEE - hERBRTEREEEEMRBELHEEMED TERENY
EHRERE A REE ] BEHAENSEARENYEETIER (o 48
B GREAES) » F467 (20 Sodium aluminum phosphate basic ZEff) »
A E R o SR R ARBGER® (o GiRE » WEERS) » BARE SR
B (n: aRLELREEE s ARRESHERRLS) o SHASHEREM
WEFRINT AR o ARUIER D AR R R AR o B s L
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£ AWAMHOEER"

i m | ® (;E/g) * | & = 1 i (f/g) g
moR 5 o |
* Bo| 02120006 | E & % 34457 084
s o] } <0.50-:0.00 wmORE R 0.38% 0.01
i 7 ‘ 0.47x0.00 | F B & | 3.85+x0M
i f | 1.91+0.28 | W Al 7 | 3.04% 0.03
o | 13542048 | K B X 2184 0.11
#t 18 10.12+0.03 | & | <0.48+ 0.00
% A & | 4.15£0.16 | e 0.37x 0.03
%ok R 0.30+0.02 | i % 9.03x 0.31
]25] L 5.3520.13 G T 4.72+ 0.31
S oer g % % 10.41+ 0.08
o T 6.66+ 0.44
ZE &% E T G.ARERA B 5 I 19.35% 0.19
Woo® R i £ 7 4.36% 0.05
e E 12.91+0.48 )
g ] e i # 699.21:69.12
| H OB OH:
xR OB ‘ F1 *e 1.10= 0.10
| T 1.39+0.39 n o+ A 1.79+ 0.94
1% F 1.21£0.05 | W ‘& ¢ 82.72:15.70
w= g @ 6.98::0.75 | FTH (£ ) 23.45+ 4.04
% Fid <0.45:-0.01 || A g (EmR) 39.82+ 1.08
= 7 <0.46+0.02 2oL M
- ) 0.33+0.04 g% % 23.60+ 2.32
ik i 0.08--0.00 B E i R <2.40+ 0.13
7 # 0.91+0.03 SFMERED <2.79+ 0.03
s % 1.29+0.02 ¥R EN <2.46+ 0.07
%= i 0.48+0.04 oo A 5.55+ 1.29
7 g 0.41+0.12 E OB K D 29.20+ 2.01
1 Values are Mean+S.E. ¢
» S o
D Fff o
O BEHRARN o

HIE BRI » (035 AN Z BB » LIS BI—3E - AR InTa
G R o UTEHEEATENE SR o RERFAMAS (WIRE
ERERENS » THRREAREENL (LER) RBENER —BREDB) +
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ER= AESEPNESE

) # & B0 | |
f i ; pH & ‘ﬂﬁﬁﬂ
(ng/ml) | (ug/box) ‘
M A OB A 0.41+0.06 97+14 31 | w &
¥ BT 0.1340.00 26+0 3.96 J Flget
JeR K & 1.07+0.10 214+20 | 3.70 Fgse
T — B % {2 1.74+0.04 348-+8 3.11 e
t— 2t ¥ E 0 0.30--0.03 606 6.39 ok to)
e o— & g 0.41::0.06 97414 6.69 o
xR FE ARG 0.50-0.06 10012 | 6.66 Eie
* R g P 0.25+-0.03 59+7 | 6.69 | Flwp
# ok J K AD | 0.74+0.02 2637 34 Mo
b PR KD 1.57+0.09 557+32 | 2.91 i
LR 2L R ko 1.22+0.18 433064 | 3.49 o
BB oW 1.0140.11 35939 | 3.43 | # fi
R W 4 1.25+0.04 44414 3.30 Fi
& W OB 2.32+0.06 824121 3.42 g
BB CHE R % | 2.78+0.04 987+ 14 3.96 o
® 8 oW oEe | 1205021 43075 i 4.35 Mo

D RREA FRERRIE o
D TRENSEENEREL ALAS. JE .
9 Mean+S.E.

SEUSHE  REMBER B BER  MERRSNBRERTA - ERER
HRRHPAGRERNENZE  RERBHAERZBREEERE AR
Wiz » B TEM SERA » QIR o WERFSERBROS » T
ARB B T S EHZERA (I : Baking powder) T3 o TN T84
S BRERRS RRIMIETH  FRFRRNEX » BEENSEES
=S tiee

7ot WBERFRARIL » BTRER KA PBIORILZ— - HARERTY »
LI R BRI R » BOVKREF IR B WS Mr R A RORR - MR A
RGP YR T AR LAYE R E S o MRARMAR » WHAERS - At
B—In LR E » FESEARIE - REZEER » I TEE (o AH &%
I » % » BREEERAESE) REEHHSSARKVE - FRBZ I - 18
BRAMERE - FARSREHET » SRARFUERR » HEHEREHRR
PR LT AR o B AA— AR T EROM R IR — B B L - T L 48
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HRW=EERS BT pH fE3E 311 SEREEHAETHE (pH 49 65
Ef) BRMERER  WRLEER A LEEENREN » BEHBRNOSA
REEE R M AE R ARBRIT R AR P SF R E B —RRER
] HRER o

BRI » HLEER AR » 50 HKRRFBROBORH 7~50mg
» Horpi920~25 mg (h AR INAD TS » 385 AT R A0EE #9575 3.5 mg®
o BT R ok h SRR B AR EBIES 987 v/ » ERERAFHKA
P o RIER L AIRAYERTEE 2 mg o EBERNRTLTRTBEFT N EEER (
Bian : BIEAD 0 8 hERRREE T R AREENERE 20~200fF Z
% o

Mz » EERREN DS E  SRREFEER N » AEAwEME RSN
W AR AR P » FETM » MIEZREMSRR » T REEEOEIIEEE
BALE SRR EOR o SEM UL MBS T ~ TR AT RS R o

Mg M

AR RZERARCASBRTREES G- L1 BEEQREL » —AF
S P LR FBOE AR A F » BRI o

2 £ X M
(1) fTEEEHAEE » aREMpEBEEE REERE » &REEETE F022 » 20
(1988) -
(2) J.L. Greger, "Aluminum Content of the American Diet”, Food Techol.,
5, 73 (1985).

(3) A.C. Alfrey, A. Hegg and P. Craswell, "Metabolism and Toxicity of
Aluminum in Renal Failure”, Am. J. Clin. Nutr., 33, 1509 (1980).

(4) H.G. Nebeker and J.W. Coburn, “Aluminum and Renal Osteodestrophy”,
Ann. Rev. Med., 37, 79 (1986).

(5) A.C. Alfrey, G.R. LeGendre and W.D. Kaehny, “The Dialysis Ence-
phalopathy Syndrome: Possible Aluminum Intoxication”, N. Engl. J.
Med., 294, 184 (1976).

(6) L. Finberg, H.S. Dweck and F. Holmes, “Aluminum Toxicity in Infants
and Children”, Pediatr., 78, 1150 (1986).

(7) F.L. VandeVyver and M.E. DeBroe, “Aluminum in Tissue”, Clin.
Nephrol ., 24, 84 (1985).

(8) D.R. Crapper, S.S. Krishnan and A.J. Dalton, “Brain Aluminum
Distribution in Alzheimer’s Disease and Experimental Neurofibrillary
Degeneration”, Science, 180(4), 511 (1973).

(9) D.P. Perl and A.R. Brody, "Alzheimer’s Disease: X-Ray Spectrometric
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Evidence of Aluminum Accumulation in Neurofibrillary Tangle-Bearing
Neurons”, Science, 208(18), 297 (1980).

(10) S.J. Fairweather-Tait, R.M. Faulks, S.J.A. Fatemi and F.R. Moore,
“Aluminum in the Diet”, Human Nutr., Food Sci. and Nutr., 41, 183

(1987).

(11) T. Inoue, H. Ishiwata and K. Yoshihira, “Aluminum Levels in Food-
Simulating Solvents and Various Foods Cooked in Aluminum Pans”, J,
Agric. Food Chem., 36, 599 (1988).

Aluminum Content of Foods in
Taiwan—Report 1

GU00o-SHYNG WANG Hsu anD Jui-Yun Wu

Department of Nutrition and Food Sciences

ABSTRACT

Aluminum toxicity has been obtained great concern during last two
decades. Dietary sources of aluminum included from natural foods,
food additives, aluminum cooking utensils, and aluminum-containing
medicines. In this study, 67 foods and beverages were selected to
determine the aluminum content by Atomic Absorption Spectrophotometry
after acid digestion. Results indicated that shrimp and oyster had the
highest Al values among meat products, containing 13.54+0.48 and
10.12£0.03 ng/g Al, respectively. Aluminum concentrations in other
meat products ranged from <20.21 to 5.35 ug/g. Thousand-year eggs
had higher Al content than salty duck eggs did. In vegetable group,
kelp had 699.21+£69.12 #g/g Al, and tomatoe, green pepper and cabbage
had <20.50 #g/g Al. The lowest value (avarage <<0.46 ng/g Al) in fruits
was found in pineapple, guava, mango and litchi. Green apple had
6.98+0.75 ug/g Al In grain-cereals group, angel-food cake had the
highest Al, i.e. 82.72%+15.70 ug/g. The highest Al content in cookies
and snacks was 20 to 30 #g/g. Lemon tea with aluminum canteen had
the highest Al value (around 2.5 #g/ml) among beverages.
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ABSTRACTS OF PAPERS BY FACULTY OF
THE COLLEGE OF SCIENCE AND
ENGINEERING THAT APPEARED IN OTHER
REFEREED JOURNALS DURING THE
1989 ACADEMIC YEAR

Sers of Crystal Violet in
Sandblast Roughened Silver Surface

PiNnG PENG, Kow-Je LinG (ZHE L) AND W.S. TsE
Modern Physics Letters B, 4(8), 531-534 (1990)

In this paper we present an alternative way for SERS-active
substrate preparation, the sandblast method. The roughened surface
prepared by this method is more durable than the silver coated surface
which is easily spoiled by moisture. Because the roughness is almost
only dependent on the size and the speed of the abrasive, the roughness
of the surface can casily be controlled. The abrasives used were 100 zm
AlLO,, 52 #m Garnet, 18 #zm Garnet, and also 5 um Garnet. Comparison
between the sandblasted and unblasted substrates shows an enhancement
factor of ~10°. To our knowledge this is first paper about the SERS-

active substrate prepared by this method.

Anomalous X-ray Atomic Scattering Factor for
Zr, Nb, and Mo

M.S. WANG AND SHEAU-HUEY CHIA (F %)
Physical Review A, 40(9), 5420-5421 (1989)

The anomalous x-ray atomic scattering factors for Zr, Nb, and Mo
within +3 keV of the elements’ K-absorption edge are calculated using
both the Dirac-Slater and the Dirac-Kohn-Sham potentials. Both
theories agree at the 1-2% level. However, significant systematic
differences between theory and experiment are observed.
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New Metal-Clad Fiber Polarizer

S.C. LEe AND JEN-I CHEN (B &)
Applied Optics, 29(18), 2667-2668 (1990)

High quality fiber polarizers are made easily by consecutively
overcoating suitably polished fibers with MgF, and Al films.

Reduction of Nonstationarity and Parameter Analysis
of VHF Radar Returns from the Atmosphere

Fu-SuonG Kuo, Hsiou-YUNG LEU (& % 4§)
AND SHU-ING Liu
Radio Science, 25(4), 517-526 (1990)

An optimization process to reduce nonstationarity problem yet
preserve the reliability of the radar echo signal distribution is developed
combining the conventional %* test and numerical simulation techniques.
As an application to the real data, we determine the optimized data
length to be 128 elements per set for SOUSY data and 256 elements
per set for Chung-Li data. For each of such data sets, the echo power
P and the modified Rice parameter 7 are calculated and their statistics
are examined, When their time average are plotted as functions of
height, we frequently observe the existence of maximum P along with
minimum 7 in Chung-Li data. Such an coupling can be explained as
an evidence of the existence of turbulence layer. The cause of the
occurrence of turbulence layers in the troposphere over Chung-Li area
is briefly discussed.

A General Preparation of
2-Acyl-3-(phenylthio)-1, 3-butadiences

SHANG-SHING P. CHouU (F & 47), DER-JEN SUN
AND SHIow-JYI WEH
Synth., Commun,, 19, 1593-1602 (1989)

The title dienes 1 are prepared by thermolysis of 3-sulfolenes 2,
which are readily obtained by ultrasound promoted allylzincation of
bromides 4 with aldehydes followed by PCC oxidation.
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Spirodialkylation of 3-(Phenylthio)-3-sulfolene and
Subsequent Synthetic Transformations

SHANG-SHING P. CHOU (B 47) AND CHIN-CHUAN SUNG
J. Chin. Chem. Soc., 36, 601-607 (1989)

3-(Phenylthio)-3-sulfolene (1) underwent spirodialkylation to give
products 2 which were desulfonylated to afford the dienes 3. The
Diels-Alder reaction of 3 was achieved for some reactive dienophiles
to yield spiro compounds. Compounds 2 were alson converted to
sulfonyldienes 9 which reacted as Michael acceptors.

A Facile Synthesis of Stable Precursors to 2-Alkylated
and 2, 3-Dialkylated 1, 3-Butadienes ‘

SHANG-SHING P. CHOU (Bl 447) AND CHUNG-MING SUN
Tetrahedron Lett., 31, 1035-1038 (1990)

3-Sulfolenes 3, stable precursors to 2-alkylated and 2, 3-dialkylated
1, 3-butadienes, were prepared in good yield from (1) by regiospecific
alkylation and reductive desulfurization.

Intramolecular Diels-Alder Reactions of
Sulfur-Substituted Dienes via 3—Sulfolenes

SHANG-SHING P. CHOUu (J8#47) AND SHIOW-JYI WEY
J. Org. Chem., 55, 1270-1274 (1990)

Sulfur-substituted dienes containing an unsaturated alkyl chain
were readily prepared from 3-sulfolenes. The intramolecular Diels-
Alder (IMDA) reaction of these derivatives was studied for the first
time. A sulfonyl group on the diene was found to facilitate the IMDA
reaction. Hexahydroindenes were produced in good yield and with high
stereoselectivity. Octahydronaphthalenes were also obtained, but the
stereoselectivity was low and the IMDA reaction was more sensitive to

steric hindrance.
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A Facile Synthesis of Homofarnesene Components
of Fire-Ant Trail Pheromone

SHANG-SHING P. CHOU (B #&47) AND Wu-HWEI LEE
Synthesis, 219-220 (1990)

An efficient four-step synthesis of the homofarnesene components
of fire ant trail pheromone starting with geranyl bromide and 2,3-
dimethyl-4-phenylthio-2, 5-dihydrothiophene-1, 1-dioxide has been accom-
plished.

Mixed Sulphur and Phosphorus Ylide Complexes of
Palladium formed by Phasetransfer Catalysis,
X-ray Crystal Structure of
[Pd{(CH).S(0)Me}{Ph,PCH,PPh,CH(0)Ph}]I-CH,Cl,-H.0

Ivan J.B. LIN Gk & #), H.C. SHY AnD C. W. Liu
J. Chem. Soc. Dalton Trans., 2509 (1990)

Phosphorus ylide complexes [PdBr,{Ph,P(CH,),PPh,CHC(O)R}] (n=1
or 2; R=Me, Ph, or OEt), and mixed sulphur and phosphorus ylide
complexes [Pd{(CH.),S(O)Me}{Ph,P(CH,),PPh,CHC(O)R}]I, have been
synthesized by the phase-transfer technique, The presence of the phase-
transfer catalyst has only a marginal effect in the preparation of phos-
phorus ylide-containing complexes. The mixed ylide compounds have
both a chelated double sulphur ylide and a C, P-chelated phosphorus ylide.
A mixed-ylide complex [Pd{(CH,),S(O)Me}{Ph,PCH,PPh,CHC(O)Ph}]I-
CH,CL,-H,O has been investigated by means of X-ray crystallography.
The Pd-C bond length of 2.183(5) A for the phosphorus ylide co-
ordination is longer than that for the sulphur ylide co-ordination

[2.094(3) A average].
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Phase-Transfer-Catalyzed P-C Bond Cleavage in
Platinum Bis(diphenylphosphino)methane Complexes
under Exceedingly Mild Conditions

Ivan J.B. Lin (#&#), J.S. Lat anp C. W. Liu
Organometallics, 9, 530-531 (1990)

The reaction of [Pt(dppm)Cl,] (dppm=Ph,PCH,PPh,) with [S(O)Me,]Cl
under basic phase-transfer-catalyzed conditions gave the complex
{Pt(PPh,Me)[PPh,(OH)][(CH,),S)O)Me]}Cl, which contains a bidentate
sulfur ylide and two monodentate phosphine ligands. The latter was
produced by the facile base hydrolysis of the dppm ligand, a reaction
that is general for other Pt-dppm complexes.

Preparation of Sulfur Ylide Complexes of Palladium by
Phase-Transfer Catalysis

Rey F. Wu, IvaN J.B. LiN (3% &#), G. H. LEE,
M. C. CHENG AND YU WANG
Organometallics, 9, 126-130 (1990)

Sulfur ylide complexes of palladium were prepared under basic
phase-transfer catalysis. Increasing the amount of phase-transfer
catalyst enhanced the rates of formation of the complexes. The optimal
range of base concentration was found to be 1.0-2.0N. The proposed
role of the phase-transfer catalyst is to carry OH~ into the organic
layer and to prevent the ylide from abstracting a proton from
water present in the organic phase. The single-crystal structures of
{Pd(PPh,),[(CH,),S(0)(CH,)]}I and Pd(PPh,)I)[(CH.),S(O)(CH,)] were deter-
mined. The former crystallized in the monoclinic space group P2,/x,
with @=11.337(2) A, 5=21.954(3) A, ¢=15.406(2) A, B=94.30(1)°, V=
3,823.6 A®, Z=4, and R=0.095 for 4,906 observed reflections. The latter
crystallized in the orthorhombic space group P2,2,2,, with a=9.691(3) A,
b=145792) A, ¢=15.642(3) A, V=2,2099 A°, Z=4, and R=0.078 for
2,201 observed reflections. Both compounds have rather short ylidic
S-C bond (1.60-1.70 A).
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The Molecular Structure of a Novel Diplatinum Compound
H[(Et,N=CS,)Pt(PPh,Me)(PPh,0)]sPFs Obtained from
Phase-Transfer Base Hydrolysis of
[(Et,N=CS,)Pt(PPh,CH,PPh,)|Cl

LinGg-KaNG Liu, YUH-SHENG WEN, IVAN J. B, LIN (B &#),
J.S. Lia anDp C.W. Liu
Bull. Inst. Chem., Academia Sinica, 37, 65-73 (1990)

Base hydrolysis of [(Et,N=CS,Pt(PPh.CH,PPh,)]JCl under phase
transfer catalytic conditions, followed by an anion exchange with
NH,PF, has produced in 80% yield a novel diplatinum - compound
H[(Et,N=CS.)Pt(PPh,Me)(PPh,0)]{PFs. An x-ray structure analysis has
resulted in an orthorhombic space group Pccn with cell dimensions a=
27.380(11), b=13.604(2), c=17.569(4) A, V=6,544(3) A*, Mr=1,635.48, Z=4,
F(000)=3,223.35, Dc=1.660 g/cm’, x=4.62mm™ for Mo-Ka radiation,
and R=0.030 for 3,354 reflections with Io>2s,. The structure of this
compound consists of discrete PFz anions and very large cations formed
by a proton bridged binuclear species, H[Et,N=(CS,)Pt(PPh,Me)(PPh,0)]:.

Preparation of Sulfur Ylide Complexes of Platinum
by Phase Transfer Catalysis

J.S. Lia, Rey F. Wu AND IVvAN J.B. LIN (& R)

Various sulfur ylide complexes of platinum have been prepared
by the phase transfer catalysis (PTC). Thus, reaction of Pt(PR,),Cl,
(R=methyl or phenyl) in CH,Cl, with [S(O)(CH,),]l under PTC/OH"
conditions, give complexes {Pt(PR,).[(CH.),S(O)(CH.)]}, which contain a
bidentate double sulfur ylide. With Pt(dppe)Cl, (dppe=Ph,P(CH,).PPh.)
as starting material, a similar product was obtained. But when
Pt(dppm)Cl, (dppm=Ph,PCH,PPh,) was treated with [S(O)(CH,),]Cl under
PTC/OH- conditions, an unexpected product {Pt(PPh.CH,)(PPh,OH)-
[(CH,),S(0)(CH,)]}C] was obtained. This compound contains a bidentate



Fu Jen Studies 83

double sulfur ylide and two unsymmetrical phosphines resulting from
the base hydrolysis of dppm. Compoend {Pt(PPh,),[(CH.).S(O)CH,)I}I,
was subjected to an X-ray diffraction study. The compound crystallized
in the orthorhombic space group Pna2, with cell parameters a=19.332(4),
b=11.101(5) and ¢=16.936(5) A, Z=4.

Involvement of %. coli dcm Methylase

in Tn3 Transposition

MEeI-KWEI YANG (#% £4%), SHIAO-CHING SER
AND CHAO-HUNG LEE
Proc. Natl. Sci. Counc. B. R.O.C., 13(4), 276-283 (1989)

The effect of DNA methyltransferases on Tn3 transposition were
investigated. The E. coli dam (deoxyadenosine methylase) gene was
found to have no effect on Tn3 transposition. In contrast, Tn3 was
found to transpose more frequently in dcm® (deoxycytosine methylase)
cells than in dem~ mutants. When the EcoRII methylase gene was
introduced into dem~ cells (E. coli strain GM208), the frequency of
Tn3 transposition in GM208 was dramatically increased. The EcoRIl
methylase recognizes and methylates the same sequence as does the
dem methylase. These results suggest that deoxycytosine methylase
modified DNA may be a preferred target for Tn3 transposition.
Experiments were also performed to determine whether the Tn3
transposase was involved in DNA modification. Plasmid DNA isolated
from dcm~ E. coli containing the Tn3 transposase gene was susceptible
to Apyl digestion but resistant to FEcoRI digestion, suggesting that Tn3
transposase modified the dcm recognition sequence. In addition, restric-
tion enzymes Tagql, Avall, Bgll and Hpall did not digest this DNA
completely, suggesting that the recognition sequences of T'agl, Avall,
Bell and Hpall were modified by Tn3 transposase to a certain degree.
The type(s), the extent and mechanism(s) of this modification remain to

be investigated,
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The Effect of Temperature and Moisture Content
on Viability, Cell Division and
Chromosomal Aberration of Tomato Seed

Bao-Wer Liu (B % 3#), S1A0-ZE YOUNG
AND CHING-LONG LAN
EWHE =48 BT #41-52 0 (1989)

Tomato (Lycopersion esculentum Mill.) seeds were treated with nine
combinations of temperature (25°, 33°, and 40°C) and seed moisture
content (8, 16, and 32%) for 120 days of storage. High moisture content
was the predominant factor to cause the loss of seed germinability, and
high temperature accelerated the aging process. The decrease of seed
viability was closely associated with an increase in chromosomal aberra-
tions and the reduction in ability of cell to divide in root meristems.
The first mitotic division was also delayed to occur in the longer root
length when the seed germinability was significantly decreased. The
distribution of aberrant chromosome in various root lengths reached
to the peak in the intermediate root lengths of aged seeds and then
declined in the longest group of lengths of roots.

Polyribosome Changes of Germinating Rice Seeds After
®Co Gamma-Irradiation

WOAN-FANG TzENG (¥ #3) AND TI-SHENG LU
Journal of the Chinese Biochemical Society, 18(1), 29-37 (1989)

Scutellular tissues were dissected from germinating rice seeds
irradiated with Co-60 r-ray. The incorporation of °*H-leucine was
examined by both in vive and in vifro assay systems. It was found
that at low doses, 5 and 20 Krad, the protein synthesis was not affected
by the radiation in both assay systems. However, at high doses, 55 and
125 Krad, the incorporation of ®H-leucine into protein was found 79
and 71% with respect to the control for in vivo assay. In vitro system
they were 73 and 667 incorporation as compared with the control.
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Rice seeds treated with gibberellin (20 ppm, 16 hr) before germination
did not reduce the inhibiting effect on protein synthesis by radiation
treatment in both assay systems.

The activities of both ribosomes and post-ribosome supernatant for
protein synthesis were found to be inhibited by 7-irradiation at both
55 and 125 Krad. The inhibitory effect of ribosomes was more than
that of post-ribosome supernatant. Polyribosome content was reduced
at either 55 or 125 Krad. The reduction of polyribosomes could be one
of the major factors resulting in the inhibition of protein synthesis.
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Chromatographic Analyses of Xanthophylls in Egg Yolks
from Laying Hens Fed Turf Bermudagrass
(Cynodon dactylon) Meal

C. A. BAILEY AND B.H. CHEN (R J3%)
Journal of Food Science, 54(3), 584-586 (1989)

The characterization of xanthophylls in egg yolks from laying hens
fed turf bermudagrass (Cynodon dactylon) meal was studied. Laying
hens were fed 2wk on a milo-soybean meal diet to deplete the birds’
xanthophyll stores from developing ova prior to introduction of 9%
turf bermudagrass. After an additional 4wk the various carotenoids
present in egg yolks were determined by open-column, thin-layer, and
high-performance liquid chromatography. Chromatographic analyses
suggest that the yolk color was due mainly to the presence of free
lutein and zeaxanthin at a ratio of 4:1. Neoxanthin and violaxanthin
were present in minor amounts. The presence of [-carotene was not

detected.

Effects of Dietary Fibers in Early Weaning on Later
Response of Serum and Fecal Steroid Levels to
High-Cholesterol Diet in Rats

Yi-FA Lu (& &%), K. IMA1ZUM],
M. SAKONO AND M. SUGANO
Nutrition Research, 9, 345-352 (1989)

Male Wistar rats were early weaned at 16 days of age to a basal
diet (BD) free of fiber or BD supplemented either with cellulose (CE),
guar gum (GG), pectin (PE), polydextrose (PD) or cholestyramine (CY)
for 2 weeks, then switched to a commercial rat ration for 4 weeks.
Finally, a cholesterol-enriched diet was given to all rats for one week
in order to study the imprinting effects of early dietary fiber consump-
tion on cholesterol metabolism in later life. The water-soluble fibers
(PE and PD) caused a lower level of serum cholesterol and apolipoprotein
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(apo) E and a higher level of apo B. Apo A-IV levels decreased by
supplementation of all the fibers tested. In later life early feeding of
PE, PD or CY caused an increased level of serum cholesterol when
challenged with a high cholesterol diet. A significant reduction of
acidic steroid excretion in later time was observed only in rats fed CY
in early life. The ratios of sterol-to-stanol and primary-to-secondary

bile acids in feces tended to be lower in rats early fed water-soluble
fibers. Thus, the present results strongly suggest that dietary fiber

manipulation in early life exerts imprinting effects on steroid metabolism

in later life.

Transient Control of Serum Cholesterol Homeostasis in
Adult ExHC (Exogenous Hypercholesterolemic) Rats by
Dietary Cholesterol during Weanling Period

Yi-FA Lu (& &%), JuN MURAKAMI, AKIHIRO NAGATOMI,
KaTtsuMi IMA1ZUMI AND MICHIHIRO SUGANO
J. Nutr. Sci. Vitaminol., 35, 463-474 (1989)

Rats hyper-responsive to a diet containing cholesterol plus cholic
acid (exgenous hypercholesterolemic (ExHC) rats) were used to assess if
cholesterol feeding at weanling period influences later serum cholesterol
homeostasis. Diets containing cholesterol plus cholic acid (atherogenic
diet) in early life, when compared to non-atherogenic diet, caused a
transient suppression of serum cholesterol elevation in very-low- and
low-density lipoprotein fractions during refeeding of the atherogenic
diet in later life. Such an effect was not observed when ExHC rats
were early given a diet supplemented with cholesterel or cholic acid
alone, nor when ordinary Sprague-Dawley rats were given atherogenic
diet. Early atherogenic diet caused an increased secretion of cholesterol
as very-low-densit lipoprotein from the perfused livers of adult ExHC
rats. Neither the activity of hepatic cholesterol-7a-hydroxylase of fecal
steroid excretion in later life was influenced by the early dietary
manipulation, Therefore, the present results show the deferred effect
of early dietary manipulation on later serum cholesterol metabolism in
ExXHC rats, but the underlying mechanism(s) remains to be determined,
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Effects of Cutting and Cooking Methods on the Shape
Forming Properties of Cocktail Shrimp Made
of Tiger Prawn

SuuN-YAo0 Hsu, KinG-PoNG Lin
AND Guoo-SuynNG W. Hsu (£ ®47)
Journal of the Fisheries Society of Taiwan, 16(2), 145-152 (1989)

Tail-on, cooked, peeled and deveined tiger prawn has been a
delicacy in restaurants and on cocktail tables. The shape and curvature
of the shrimp could affect it’s hanging stability on cocktail glasses. In
this study, the effects of heating conditions and cutting methods on the
curvature, shrinkage ratio, yield and textural properties of cocktail
shrimps were investigated. The results indicated that cut position and
cut length did not significantly (p=0.05) affect any of the measured
quality attributes. Heating temperature, time and their interaction
showed significant ($<<0.01 or 0.05) effects on the yield, shrinkage ratio,
curvature and texture of the final products and indicated the existence
of an optimal heating condition. Shrinkage ratios R2, R3 and R3Il
appeared to be better parameters than other parameters which have also
been tested in the study in searching for a indicator of hanging stability

of the product.
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Stability of Fish 0il in a Purified Diet with Added
Antioxidants: Effects of Temperature and Light

CHINGMIN E. TsA1 (#3R,), JosepH T. WOOTEN
AND DaviDp A. OTTO
Nutrition Research, 9, 673-678 (1989)

The extent of oxidation of fish oil with added antioxidants in a
purified diet was studied after storage under nitrogen at 1° or —16°C,
and after exposure to air at room temperature with direct or indirect
light. The thiobarbituric acid values showed that the fish oil diet was
stable for at least two weeks when stored in the dark at 1° or —16°C.
The fish oil diet was rapidly oxidized at room temperature when the
diet was directly exposed to overhead fluorescent light. However, if
the diet was exposed to only indirect light it was stable at room
temperature for at least 8 days. These data emphasize the importance
of light exposure when considering the stability of fish oil containing
diets even in the presence of antioxidants. The data demonstrate that
when feeding animals, daily mixing and replacement of fish oil
containing diets (with added antioxidants) is not necessary if the diet is
shielded from direct light.
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The Biblical Version of the Origin and Significance of
Clothing Based on Genesis

MARYTA M. LAUMANN (& 2-3)

Journal of the International Association of Costume, 6, 145-151 (1989)

Clothes are a uniquely human invention, The debate on the
original function of clothing and the significance of various proposed
theories by anthropologists psychologists, moralists and other clothing
experts is an ongoing one. The so-called modesty theory is considered

among the major theories. Textbooks and reference books not seldom
refer to the Genesis of the Christian Bible in defense of modesty.

This research investigates the true nature of human modesty. It
not only rejects the use of Genesis in defense of the modesty theory
as superficial and misleading but, moreover, reveals the real meaning
and significance of the nakedness/clothing symbolism in the biblical
book of origins. Based on insights that derive from a more com-
prehensive study of related texts of the Old as well as New Testament,
it resolves apparent contradictions and discrepancies through the
discovery of the double character of the clothing/nakedness symbolism

used in Genesis and consistantly employed throughout the Scriptures as
a whole.
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Pipelined Microcomputers for Digital Signal
and Image Processing

BriaN K. LiEN (i2E%) AND GREGORY Y. TANG
Optical Engineering, 28(9), 943-948 (1989)

A multiple microcomputer system for digital signal and image
processing applications is presented. A simple ring structure is employed
to organize the multiple microcomputers. The data flow in the ring
structure is is unidirectional. A task can be partitioned and distributed
among the microcomputers, making possible pipelined execution of a
task. Implementation with the use of the TMS32010 signal processing
CPU and IBM PC is demonstrated. A design to ensure the program
synchronization is also shown. Algorithms for carrying out infinite
impulse response filtering, the fast Fourier transform, and the McClellan
transform method of 2-D finite impulse response filters are developed.
Experimental results are presented.






